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Kundeninformation zur Batterieverordnung
(BattV)

Dieses Gerat enthalt eine schadstoffhaltige Batterie.
Diese darf nicht mit dem Hausmull entsorgt werden.
Nach Ende der Lebensdauer darf die Entsorgung nur
Uber eine Rohde&Schwarz-Kundendienststelle oder eine
geeignete Sammelstelle erfolgen.

Safety Regulations for Batteries
(according to BattV)

This equipment houses a battery containing harmful
substances that must not be disposed of as normal
household waste.

After its useful life, the battery may only be disposed of
at a Rohde & Schwarz service center or at a suitable
depot.

Normas de Seguridad para Baterias
(Segun BattV)

Este equipo lleva una bateria que contiene sustancias
perjudiciales, que no se debe desechar en los
contenedores de basura domésticos.

Después de la vida util, la bateria sélo se podra eliminar
en un centro de servicio de Rohde & Schwarz o en un
deposito apropiado.

Consignes de sécurité pour batteries
(selon BattV)

Cet appareil est équipé d'une pile comprenant des
substances nocives. Ne jamais la jeter dans une
poubelle pour ordures ménagéres.

Une pile usagée doit uniquement étre éliminée par un
centre de service client de Rohde & Schwarz ou peut
étre collectée pour étre traitée spécialement comme
déchets dangereux.

1171.0300.51
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Customer Information Regarding Product Disposal

The German Electrical and Electronic Equipment (ElektroG) Act is an implementation of
the following EC directives:

e 2002/96/EC on waste electrical and electronic equipment (WEEE) and
e 2002/95/EC on the restriction of the use of certain hazardous substances in
electrical and electronic equipment (RoHS).

Product labeling in accordance with EN 50419

Once the lifetime of a product has ended, this product must not be disposed of
in the standard domestic refuse. Even disposal via the municipal collection
points for waste electrical and electronic equipment is not permitted.

Rohde & Schwarz GmbH & Co. KG has developed a disposal concept for the
environmental-friendly disposal or recycling of waste material and fully assumes its
obligation as a producer to take back and dispose of electrical and electronic waste
in accordance with the ElektroG Act.

Please contact your local service representative to dispose of the product.

ROHDE&SCHWARZ
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EC Certificate of Conformity

Certificate No.: 2008-43

This is to certify that:

Equipment type Stock No. Designation

ESL3 1300.5001.03/.13 EMI Test Receiver
ESL6 1300.5001.06/.16

FSL-B4 1300.6008.02 OCXO Reference Frequency
FSL-B5 1300.6108.02 Additional Interfaces
FSL-B8 1300.5701.02 Gated Sweep Function
FSL-B10 1300.6208.02 GPIB Interface
FSL-B22 1300.5953.02 RF Amplifier

FSL-B30 1300.6308.02 DC Power Supply
FSL-B31 1300.6408.02 NIMH Battery Pack
FSL-z4 1300.5430.02 Additional Charger Unit

complies with the provisions of the Directive of the Council of the European Union on the
approximation of the laws of the Member States

- relating to electrical equipment for use within defined voltage limits
(2006/95/EC)

- relating to electromagnetic compatibility
(2004/108/EC)

Conformity is proven by compliance with the following standards:

EN 61010-1 : 2001

EN 61326 : 1997 + A1:1998 + A2 : 2001 + A3 : 2003
EN 55011 : 1998 + A1:1999 + A2 : 2002, Klasse B
EN 61000-3-2 : 2000 + A2 : 2005

EN 61000-3-3 : 1995 + Al : 2001

For the assessment of electromagnetic compatibility, the limits of radio interference for Class B
equipment as well as the immunity to interference for operation in industry have been used as a basis.

Affixing the EC conformity mark as from 2008

ROHDE & SCHWARZ GmbH & Co. KG
Muhldorfstr. 15, D-81671 Miinchen

Munich, 2008-06-18 Central Quality Management MF-QZ / Radde

1300.5001.01 CE E-2



R&S ESL Documentation Overview

Documentation Overview

The user documentation for the R&S ESL is divided as follows:
e Quick Start Guide

e Online Help

e Operating Manual

¢ Internet Site

e Service Manual

e Release Notes

Quick Start Guide

This manual is delivered with the instrument in printed form and in PDF format on the CD. It provides the
information needed to set up and start working with the instrument. Basic operations and basic measurements
are described. Also a brief introduction to remote control is given. The manual includes general information
(e.g. Safety Instructions) and the following chapters:

Chapter 1 Front and Rear Panel

Chapter 2 Putting into Operation

Chapter 3 Firmware Update and Installation of Firmware Options
Chapter 4 Basic Operations

Chapter 5 Basic Measurement Examples

Chapter 6 Brief Introduction to Remote Control

Appendix A Printer Interface

Appendix B LAN Interface

Online Help

The Online Help is part of the firmware. It provides a quick access to the description of the instrument functions
and the remote control commands. For information on other topics refer to the Quick Start Guide, Operating
Manual and Service Manual provided in PDF format on CD or in the Internet. For detailed information on how
to use the Online Help, refer to the chapter "Basic Operations" in the Quick Start Guide.

Operating Manual

This manual is a supplement to the Quick Start Guide and is available in PDF format on the CD delivered with
the instrument. To retain the familiar structure that applies to all operating manuals of Rohde&Schwarz Test &
Measurement instruments, the chapters 1 and 3 exist, but only in form of references to the corresponding
Quick Start Guide chapters.

In this manual, all instrument functions are described in detail. For additional information on default settings
and parameters, refer to the data sheets. The set of measurement examples in the Quick Start Guide is
expanded by more advanced measurement examples. In addition to the brief introduction to remote control in
the Quick Start Guide, a description of the commands and programming examples is given. Information on
maintenance, instrument interfaces and error messages is also provided.

The manual includes the following chapters:
Chapter 1 Putting into Operation, see Quick Start Guide chapters 1 and 2

Chapter 2 Advanced Measurement Examples

1300.5053.12 0.1 E-2



Documentation Overview R&S ESL

Chapter 3 Manual Operation, see Quick Start Guide chapter 4
Chapter 4 Instrument Functions

Chapter 5 Remote Control - Basics

Chapter 6 Remote Control - Commands

Chapter 7 Remote Control - Programming Examples

Chapter 8 Maintenance

Chapter 9 Error Messages

This manual is delivered with the instrument on CD only. The printed manual can be ordered from Rohde &
Schwarz GmbH & Co. KG.

Internet Site

The Internet site at: R&S ESL EMI Test Receiver provides the most up to date information on the R&S ESL.
The current operating manual at a time is available as printable PDF file in the download area. Also provided
for download are firmware updates including the associated release notes, instrument drivers, current data
sheets and application notes.

Service Manual

This manual is available in PDF format on the CD delivered with the instrument. It informs on how to check
compliance with rated specifications, on instrument function, repair, troubleshooting and fault elimination. It
contains all information required for repairing the R&S ESL by the replacement of modules. The manual
includes the following chapters:

Chapter 1 Performance Test

Chapter 2 Adjustment

Chapter 3 Repair

Chapter 4 Software Update / Installing Options
Chapter 5 Documents

Release Notes

The release notes describe the installation of the firmware, new and modified functions, eliminated problems,
and last minute changes to the documentation. The corresponding firmware version is indicated on the title
page of the release notes. The current release notes are provided in the Internet.

1300.5053.12 0.2 E-2


http://www.rohde-schwarz.com/product/esl.html

R&S ESL Conventions Used in the Documentation

Conventions Used in the Documentation

To visualize important information quickly and to recognize information types faster, a few conventions has
been introduced. The following character formats are used to emphasize words:

Bold All names of graphical user interface elements as
dialog boxes, softkeys, lists, options, buttons etc.

All names of user interface elements on the front
and rear panel as keys, connectors etc.

Courier All remote commands (apart from headings, see
below)
Capital letters All key names (front panel or keyboard)

The description of a softkey (Operating Manual and Online Help) always starts with the softkey name, and is
followed by explaining text and one or more remote control commands framed by two lines. Each remote
command is placed in a single line.

The description of remote control commands (Operating Manual and Online Help) always starts with the
command itself, and is followed by explaining text including an example, the characteristics and the mode
(standard or only with certain options) framed by two grey lines. The remote commands consist of
abbreviations to accelerate the procedure. All parts of the command that have to be entered are in capital
letters, the rest is added in small letters to complete the words and transport their meaning.

1300.5053.12 0.3 E-2



R&S ESL Putting into Operation

1 Putting into Operation

For details refer to the Quick Start Guide chapters 1, "Front and Rear Panel", and 2, "Preparing for
Use".

1300.5053.12 1.1 E-2



R&S ESL Advanced Measurement Examples
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R&S ESL Advanced Measurement Examples

2 Advanced Measurement Examples

This chapter explains how to operate the R&S ESL using typical measurements as examples.
Additional background information on the settings is given. Examples of more basic character are
provided in the Quick Start Guide, chapter 5, as an introduction. The following topics are included in the
Quick Start Guide:

e Performing a Level and Frequency Meaurement
e Measuring a Sinusoidal Signal
— Measuring the Level and Frequency Using Markers
— Measuring the Signal Frequency Using the Frequency Counter
e Measuring Harmonics of Sinusoidal Signals
— Measuring the Suppression of the First and Second Harmonic of an Input Signal
e Measuring Signal Spectra with Multiple Signals
— Separating Signals by Selecting the Resolution Bandwidth
— Measuring the Modulation Depth of an AM—Modulated Carrier (Span > 0)
— Measuring of AM—Modulated Signals
e Measurements with Zero Span
— Measuring the Power Characteristic of Burst Signals
— Measuring the Signal-to—Noise Ratio of Burst Signals
— Measurement of FM—Modulated Signals
e Storing and Loading Instrument Settings
— Storing an Instrument Configuration (without Traces)
— Storing Traces
— Loading an Instrument Configuration (with Traces)

— Configuring Automatic Loading

1300.5053.12 2.1 E-2



Test Setup R&S ESL

Test Setup

All of the following examples are based on the standard settings of the R&S ESL. These are set with
the PRESET key. A complete listing of the standard settings can be found in chapter "Instrument
Functions", section "Initializing the Configuration — PRESET Key".

In the following examples, a signal generator is used as a signal source. The RF output of the signal
generator is connected to the RF input of R&S ESL.

If a 65 MHz signal is required for the test setup, as an alternative to the signal generator, the internal 65
MHz reference generator can be used:

1. Switch on the internal reference generator.

— Press the SETUP key.

— Press the Service softkey.

— Press the Input RF/Cal/TG softkey, until Cal is highlighted.

The internal 65 MHz reference generator is now on. The R&S ESL's RF input is switched off.

2. Switch on the RF input again for normal operation of the R&S ESL. Two ways are possible:

— Press the PRESET key

— Press the SETUP key.

— Press the Service softkey.

— Press the Input RF/Cal/TG softkey, until RF is highlighted.

The internal signal path of the R&S ESL is switched back to the RF input in order to resume
normal operation.

Measurement of Harmonics

Measuring the harmonics of a signal is a frequent problem which can be solved best by means of a
spectrum analyzer. In general, every signal contains harmonics which are larger than others.
Harmonics are particularly critical regarding high—power transmitters such as transceivers because
large harmonics can interfere with other radio services.

Harmonics are generated by nonlinear characteristics. They can often be reduced by lowpass filters.
Since the spectrum analyzer has a nonlinear characteristic, e.g. in its first mixer, measures must be
taken to ensure that harmonics produced in the spectrum analyzer do not cause spurious results. If
necessary, the fundamental wave must be selectively attenuated with respect to the other harmonics
with a highpass filter.

When harmonics are being measured, the obtainable dynamic range depends on the second harmonic
intercept of the spectrum analyzer. The second harmonic intercept is the virtual input level at the RF
input mixer at which the level of the 2nd harmonic becomes equal to the level of the fundamental wave.
In practice, however, applying a level of this magnitude would damage the mixer. Nevertheless the
available dynamic range for measuring the harmonic distance of a DUT can be calculated relatively
easily using the second harmonic intercept.

As shown in Fig. 2-1, the level of the 2" harmonic drops by 20 dB if the level of the fundamental wave
is reduced by 10 dB.
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R&S ESL Measurement of Harmonics
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Fig. 2-1 Extrapolation of the 1st and 2nd harmonics to the 2nd harmonic intercept at 40 dBm

The following formula for the obtainable harmonic distortion d, in dB is derived from the straight-line
equations and the given intercept point:

d=SHI-P, (1)

do = harmonic distortion
P = mixer level/dBm
S.H.L = second harmonic intercept

Note: The mixer level is the RF level applied to the RF input minus the set RF attenuation.

The formula for the internally generated level P4 at the 2" harmonic in dBm is:

P1 =2 'P/— S.H.I (2)

The lower measurement limit for the harmonic is the noise floor of the spectrum analyzer. The harmonic
of the measured DUT should — if sufficiently averaged by means of a video filter — be at least 4 dB
above the noise floor so that the measurement error due to the input noise is less than 1 dB.

The following rules for measuring high harmonic ratios can be derived:
— Select the smallest possible IF bandwidth for a minimal noise floor.
— Select an RF attenuation which is high enough to just measure the harmonic ratio.
The maximum harmonic distortion is obtained if the level of the harmonic equals the intrinsic noise level
of the receiver. The level applied to the mixer, according to (2), is:
P,.sc | dBm + IP2
P = 5 (3)

At a resolution bandwidth of 10 Hz (noise level =143 dBm, S.H.l. = 40 dBm), the optimum mixer level is
—51.5 dBm. According to (1) a maximum measurable harmonic distortion of 91.5 dB minus a minimum
S/N ratio of 4 dB is obtained.
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Measurement of Harmonics R&S ESL

Note: If the harmonic emerges from noise sufficiently (approx. >15 dB), it is easy to check (by
changing the RF attenuation) whether the harmonics originate from the DUT or are generated
internally by the spectrum analyzer. If a harmonic originates from the DUT, its level remains
constant if the RF attenuation is increased by 10 dB. Only the displayed noise is increased by
10 dB due to the additional attenuation. If the harmonic is exclusively generated by the
spectrum analyzer, the level of the harmonic is reduced by 20 dB or is lost in noise. If both — the
DUT and the spectrum analyzer — contribute to the harmonic, the reduction in the harmonic
level is correspondingly smaller.

High-Sensitivity Harmonics Measurements

If harmonics have very small levels, the resolution bandwidth required to measure them must be
reduced considerably. The sweep time is, therefore, also increased considerably. In this case, the
measurement of individual harmonics is carried out with the R&S ESL set to a small span. Only the
frequency range around the harmonics will then be measured with a small resolution bandwidth.

Signal generator settings (e.g. R&S SMU):
Frequency: 128 MHz

Level: — 25 dBm

Procedure:
1. Set the R&S ESL to its default state.

— Press the PRESET key.
The R&S ESL is set to its default state.

2. Set the center frequency to 128 MHz and the span to 100 kHz.
Press the FREQ key.

The frequency menu is displayed.

In the dialog box, enter 128 using the numeric keypad and confirm with the MHz key.
— Press the SPAN key.

In the dialog box, enter 700 using the numeric keypad and confirm with the kHz key.

The R&S ESL displays the reference signal with a span of 100 kHz and resolution bandwidth of
3 kHz.
3. Switching on the marker.
— Press the MKR key.

The marker is positioned on the trace maximum.

4. Setthe measured signal frequency and the measured level as reference values

— Press the Phase Noise/Ref Fixed softkey.

The position of the marker becomes the reference point. The reference point level is indicated
by a horizontal line, the reference point frequency with a vertical line. At the same time, the
delta marker 2 is switched on.

— Press the Ref Fixed softkey.
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R&S ESL Measurement of Harmonics

The mode changes from phase noise measurement to reference fixed, the marker readout
changes from dB/Hz to dB.

Fig. 2-2  Fundamental wave and the frequency and level reference point

5. Make the step size for the center frequency equal to the signal frequency
— Press the FREQ key.
The frequency menu is displayed.
— Press the CF-Stepsize softkey and press the = Marker softkey in the submenu.

The step size for the center frequency is now equal to the marker frequency.

6. Set the center frequency to the 2" harmonic of the signal
— Press the FREQ key.
The frequency menu is displayed.
— Press the UPARROW key once.

The center frequency is set to the 2" harmonic.

7. Place the delta marker on the 2™ harmonic.
— Press the MKR—> key.
— Press the Peak softkey.

The delta marker moves to the maximum of the 2™ harmonic. The displayed level result is
relative to the reference point level (= fundamental wave level).
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Measuring the Spectra of Complex Signals R&S ESL

Fig. 2-3  Measuring the level difference between the fundamental wave (= reference point
level) and the 2™ harmonic

The other harmonics are measured with steps 5 and 6, the center frequency being incremented or
decremented in steps of 128 MHz using the UPARROW or DNARROW key.

Measuring the Spectra of Complex Signals

Separating Signals by Selecting an Appropriate Resolution
Bandwidth

A basic feature of a spectrum analyzer is being able to separate the spectral components of a mixture
of signals. The resolution at which the individual components can be separated is determined by the
resolution bandwidth. Selecting a resolution bandwidth that is too large may make it impossible to
distinguish between spectral components, i.e. they are displayed as a single component.

An RF sinusoidal signal is displayed by means of the passband characteristic of the resolution filter
(RBW) that has been set. Its specified bandwidth is the 3 dB bandwidth of the filter.

Two signals with the same amplitude can be resolved if the resolution bandwidth is smaller than or
equal to the frequency spacing of the signal. If the resolution bandwidth is equal to the frequency
spacing, the spectrum display screen shows a level drop of 3 dB precisely in the center of the two
signals. Decreasing the resolution bandwidth makes the level drop larger, which thus makes the
individual signals clearer.

If there are large level differences between signals, the resolution is determined by selectivity as well as
by the resolution bandwidth that has been selected. The measure of selectivity used for spectrum
analyzers is the ratio of the 60 dB bandwidth to the 3 dB bandwidth (= shape factor).

For the R&S ESL, the shape factor for bandwidths is < 5, i.e. the 60 dB bandwidth of the 30 kHz filter is
<150 kHz.
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R&S ESL Measuring the Spectra of Complex Signals

The higher spectral resolution with smaller bandwidths is won by longer sweep times for the same
span. The sweep time has to allow the resolution filters to settle during a sweep at all signal levels and
frequencies to be displayed. It is given by the following formula.

SWT = k e Span/RBW? (4)
SWT = max. sweep time for correct measurement
k = factor depending on type of resolution filter
= 1 for digital IF filters
Span = frequency display range
RBW = resolution bandwidth

If the resolution bandwidth is reduced by a factor of 3, the sweep time is increased by a factor of 9.

Note: The impact of the video bandwidth on the sweep time is not taken into account in (4). For the
formula to be applied, the video bandwidth must be > 3 x the resolution bandwidth.

FFT filters can be used for resolution bandwidths up to 30 kHz. Like digital filters, they have a shape
factor of less than 5 up to 30 kHz. For FFT filters, however, the sweep time is given by the following
formula:

SWT =k -span/RBW  (5)

If the resolution bandwidth is reduced by a factor of 3, the sweep time is increased by a factor of 3 only.

Intermodulation Measurements

If several signals are applied to a transmission two—port device with nonlinear characteristic,
intermodulation products appear at its output by the sums and differences of the signals. The nonlinear
characteristic produces harmonics of the useful signals which intermodulate at the characteristic. The
intermodulation products of lower order have a special effect since their level is largest and they are
near the useful signals. The intermodulation product of third order causes the highest interference. It is
the intermodulation product generated from one of the useful signals and the 2nd harmonic of the
second useful signal in case of two—tone modulation.

The frequencies of the intermodulation products are above and below the useful signals. Fig. 2-4 shows
intermodulation products Pj; and p* generated by the two useful signals Py, and Pys,.

Level

A
Put Pu2
A A
a3

Pst Ps2

A

Af Af Af —

%51 fut fuz fs2 Frequency .
Fig. 2-4 Intermodulation products Py, and Py,
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Measuring the Spectra of Complex Signals R&S ESL

The intermodulation product at f, is generated by mixing the 2nd harmonic of useful signal Py, and
signal Py, the intermodulation product at f;; by mixing the 2nd harmonic of useful signal Py, and signal

fu=2xfy—"Tfo (6)
fo=2xfo—"Tu (7)

The level of the intermodulation products depends on the level of the useful signals. If the two useful
signals are increased by 1 dB, the level of the intermodulation products increases by 3 dB, which
means that spacing ap; between intermodulation signals and useful signals are reduced by 2 dB. This is
illustrated in Fig. 2-5.

A
Output
level
Intercept
, point
7/
Compression /
Intermodulation
product
Useful signal
3
/ Input IevVeI
Fig. 2-5 Dependence of intermodulation level on useful signal level

The useful signals at the two—port output increase proportionally with the input level as long as the two—
port is in the linear range. A level change of 1 dB at the input causes a level change of 1 dB at the
output. Beyond a certain input level, the two—port goes into compression and the output level stops
increasing. The intermodulation products of the third order increase three times as much as the useful
signals. The intercept point is the fictitious level where the two lines intersect. It cannot be measured
directly since the useful level is previously limited by the maximum two—port output power.

It can be calculated from the known line slopes and the measured spacing ap; at a given level
according to the following formula.

p3=20% , p
2 (8)

The 3™ order intercept point (TOI), for example, is calculated for an intermodulation of 60 dB and an
input level Py of —20 dBm according to the following formula:

IP3= % +(-20dBm)=10dBm  (9)
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R&S ESL Measuring the Spectra of Complex Signals

Measurement example — Measuring the R&S ESL's intrinsic intermodulation

Test setup:
Signal
Generator 1
Y
Coupler -
- 6 dB] » R&S ESL
A
Signal

Generator 2

Signal generator settings (e.g. R&S SMU):

Level Frequency
Signal generator 1 —4 dBm 999.7 MHz
Signal generator 2 —4 dBm 1000.3 MHz

Procedure:

1. Setthe R&S ESL to its default settings.
— Press the PRESET key.
The R&S ESL is in its default state.

2. Set center frequency to 1 GHz and the frequency span to 3 MHz.
— Press the FREQ key and enter 1 GHz.
— Press the SPAN key and enter 3 MHz.

3. Set the reference level to —10 dBm and RF attenuation to 0 dB.
— Press the AMPT key and enter —70 dBm.
— Press the RF Atten Manual softkey and enter 0 dB.

4. Set the resolution bandwidth to 10 kHz.
— Press the BW key.
— Press the Res BW Manual softkey and enter 710 kHz.

The noise is reduced, the trace is smoothed further and the intermodulation products can be
clearly seen.

— Press the Video BW Manual softkey and enter 1 kHz.

5. Measuring intermodulation by means of the 3" order intercept measurement function
— Press the MEAS key.
— Press the TOI softkey.
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Measuring the Spectra of Complex Signals R&S ESL

The R&S ESL activates four markers for measuring the intermodulation distance. Two markers
are positioned on the useful signals and two on the intermodulation products. The 3" order
intercept is calculated from the level difference between the useful signals and the
intermodulation products. It is then displayed on the screen:

Fig. 2-6  Result of intrinsic intermodulation measurement on the R&S ESL. The 3" order
intercept (TOI) is displayed at the top right corner of the grid.

The level of a spectrum analyzer's intrinsic intermodulation products depends on the RF level of the
useful signals at the input mixer. When the RF attenuation is added, the mixer level is reduced and
the intermodulation distance is increased. With an additional RF attenuation of 10 dB, the levels of

the intermodulation products are reduced by 20 dB. The noise level is, however, increased by 10
dB.

6. Increasing RF attenuation to 10 dB to reduce intermodulation products.
— Press the AMPT key.

— Press the RF Atten Manual softkey and enter 10 dB.

The R&S ESL's intrinsic intermodulation products disappear below the noise floor.
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R&S ESL Measuring the Spectra of Complex Signals

Fig. 2-7  If the RF attenuation is increased, the R&S ESL's intrinsic intermodulation products
disappear below the noise floor.

Calculation method:
The method used by the R&S ESL to calculate the intercept point takes the average useful signal level

Py in dBm and calculates the intermodulation d3z in dB as a function of the average value of the levels of
the two intermodulation products. The third order intercept (TOI) is then calculated as follows:

TOl/dBm = 22 d3 + P,

Intermodulation— free dynamic range

The Intermodulation — free dynamic range, i.e. the level range in which no internal intermodulation
products are generated if two—tone signals are measured, is determined by the 3" order intercept point,
the phase noise and the thermal noise of the spectrum analyzer. At high signal levels, the range is
determined by intermodulation products. At low signal levels, intermodulation products disappear below
the noise floor, i.e. the noise floor and the phase noise of the spectrum analyzer determine the range.
The noise floor and the phase noise depend on the resolution bandwidth that has been selected. At the
smallest resolution bandwidth, the noise floor and phase noise are at a minimum and so the maximum
range is obtained. However, a large increase in sweep time is required for small resolution bandwidths.
It is, therefore, best to select the largest resolution bandwidth possible to obtain the range that is
required. Since phase noise decreases as the carrier—offset increases, its influence decreases with
increasing frequency offset from the useful signals.

The following diagrams illustrate the intermodulation—free dynamic range as a function of the selected
bandwidth and of the level at the input mixer (= signal level — set RF attenuation) at different useful
signal offsets.
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Fig. 2-8 Intermodulation—free range of the R&S ESL as a function of level at the input mixer and the

set resolution bandwidth (useful signal offset = 1 MHz, DANL = —-145 dBm /Hz, TOI = 15 dBm); typical
values at 2 GHz)

The optimum mixer level, i.e. the level at which the intermodulation distance is at its maximum, depends
on the bandwidth. At a resolution bandwidth of 10 Hz, it is approx. —35 dBm and at 1 kHz increases to
approx. —30 dBm.

Phase noise has a considerable influence on the intermodulation—free range at carrier offsets between
10 and 100 kHz (Fig. 2-9). At greater bandwidths, the influence of the phase noise is greater than it
would be with small bandwidths. The optimum mixer level at the bandwidths under consideration
becomes almost independent of bandwidth and is approx. —-40 dBm.
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Fig. 2-9 Intermodulation—free dynamic range of the R&S ESL as a function of level at the input

mixer and of the selected resolution bandwidth (useful signal offset = 10 to 100 kHz, DANL = -145 dBm
/Hz, TOI = 15 dBm); typical values at 2 GHz).
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Note: If the intermodulation products of a DUT with a very high dynamic range are to be measured
and the resolution bandwidth to be used is therefore very small, it is best to measure the levels
of the useful signals and those of the intermodulation products separately using a small span.
The measurement time will be reduced— in particular if the offset of the useful signals is large.
To find signals reliably when frequency span is small, it is best to synchronize the signal
sources and the R&S ESL.

Measuring Signals in the Vicinity of Noise

The minimum signal level a spectrum analyzer can measure is limited by its intrinsic noise. Small
signals can be swamped by noise and therefore cannot be measured. For signals that are just above
the intrinsic noise, the accuracy of the level measurement is influenced by the intrinsic noise of the
spectrum analyzer.

The displayed noise level of a spectrum analyzer depends on its noise figure, the selected RF
attenuation, the selected reference level, the selected resolution and video bandwidth and the detector.
The effect of the different parameters is explained in the following.

Impact of the RF attenuation setting

The sensitivity of a spectrum analyzer is directly influenced by the selected RF attenuation. The highest
sensitivity is obtained at a RF attenuation of 0 dB. The attenuation can be set in 10 dB steps up to 70
dB. Each additional 10 dB step reduces the sensitivity by 10 dB, i.e. the displayed noise is increased by
10 dB.

Impact of the resolution bandwidth

The sensitivity of a spectrum analyzer also directly depends on the selected bandwidth. The highest
sensitivity is obtained at the smallest bandwidth (for the R&S ESL: 10 Hz, for FFT filtering: 1 Hz). If the
bandwidth is increased, the reduction in sensitivity is proportional to the change in bandwidth. The
R&S ESL has bandwidth settings in 1, 3, 10 sequence. Increasing the bandwidth by a factor of 3
increases the displayed noise by approx. 5 dB (4.77 dB precisely). If the bandwidth is increased by a
factor of 10, the displayed noise increases by a factor of 10, i.e. 10 dB.

Impact of the video bandwidth

The displayed noise of a spectrum analyzer is also influenced by the selected video bandwidth. If the
video bandwidth is considerably smaller than the resolution bandwidth, noise spikes are suppressed,
i.e. the trace becomes much smoother. The level of a sinewave signal is not influenced by the video
bandwidth. A sinewave signal can therefore be freed from noise by using a video bandwidth that is
small compared with the resolution bandwidth, and thus be measured more accurately.

Impact of the detector

Noise is evaluated differently by the different detectors. The noise display is therefore influenced by the
choice of detector. Sinewave signals are weighted in the same way by all detectors, i.e. the level
display for a sinewave RF signal does not depend on the selected detector, provided that the signal-to—
noise ratio is high enough. The measurement accuracy for signals in the vicinity of intrinsic spectrum
analyzer noise is also influenced by the detector which has been selected. For details on the detectors
of the R&S ESL refer to chapter "Instrument Functions", section "Detector overview" or the Online Help.
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Measurement example — Measuring level at low S/N ratios

The example shows the different factors influencing the S/N ratio.

Signal generator settings (e.g. R&S SMU):
Frequency: 128 MHz

Level: — 80 dBm

Procedure:

1. Set the R&S ESL to its default state.
— Press the PRESET key.
The R&S ESL is in its default state.

2. Set the center frequency to 128 MHz and the frequency span to 100 MHz.
— Press the FREQ key and enter 128 MHz.
— Press the SPAN key and enter 100 MHz.

3. Set the RF attenuation to 60 dB to attenuate the input signal or to increase the intrinsic noise.
— Press the AMPT key.
— Press the RF Atten Manual softkey and enter 60 dB.

The RF attenuation indicator is marked with an asterisk (*Att 60 dB) to show that it is no longer
coupled to the reference level. The high input attenuation reduces the reference signal which
can no longer be detected in noise.

Fig. 2-10 Sinewave signal with low S/N ratio. The signal is measured with the auto peak
detector and is completely hidden in the intrinsic noise of the R&S ESL.
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4. To suppress noise spikes the trace can be averaged.
— Press the TRACE key.
— Press the Trace Mode key.
— Press the Average softkey.

The traces of consecutive sweeps are averaged. To perform averaging, the R&S ESL
automatically switches on the sample detector. The RF signal, therefore, can be more clearly
distinguished from noise.

Fig. 2-11 RF sinewave signal with low S/N ratio if the trace is averaged.

5. Instead of trace averaging, a video filter that is narrower than the resolution bandwidth can be
selected.

— Press the Trace Mode key.

— Press the Clear Write softkey.

— Press the BW key.

— Press the Video BW Manual softkey and enter 10 kHz.

The RF signal can be more clearly distinguished from noise.
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Fig. 2-12 RF sinewave signal with low S/N ratio if a smaller video bandwidth is selected.

6. By reducing the resolution bandwidth by a factor of 10, the noise is reduced by 10 dB.
— Press the Res BW Manual softkey and enter 300 kHz.

The displayed noise is reduced by approx. 10 dB. The signal, therefore, emerges from noise by
about 10 dB. Compared to the previous setting, the video bandwidth has remained the same,

i.e. it has increased relative to the smaller resolution bandwidth. The averaging effect of the
video bandwidth is therefore reduced. The trace will be noisier.

Fig. 2-13 Reference signal at a smaller resolution bandwidth
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Noise Measurements

Noise measurements play an important role in spectrum analysis. Noise e.g. affects the sensitivity of
radio communication systems and their components.

Noise power is specified either as the total power in the transmission channel or as the power referred
to a bandwidth of 1 Hz. The sources of noise are, for example, amplifier noise or noise generated by
oscillators used for the frequency conversion of useful signals in receivers or transmitters. The noise at
the output of an amplifier is determined by its noise figure and gain.

The noise of an oscillator is determined by phase noise near the oscillator frequency and by thermal
noise of the active elements far from the oscillator frequency. Phase noise can mask weak signals near
the oscillator frequency and make them impossible to detect.

Measuring Noise Power Density

To measure noise power referred to a bandwidth of 1 Hz at a certain frequency, the R&S ESL provides
marker function. This marker function calculates the noise power density from the measured marker
level.

Measurement example — Measuring the intrinsic noise power density of the
R&S ESL at 1 GHz and calculating the R&S ESL's noise figure

Test setup:
» Connect no signal to the RF input; terminate RF input with 50 Q.

Procedure:

1. Set the R&S ESL to its default state.
— Press the PRESET key.
The R&S ESL is in its default state.

2. Set the center frequency to 1.234 GHz and the span to 1 MHz.
— Press the FREQ key and enter 7.234 GHz.
— Press the SPAN key and enter 1 MHz.

3. Switch on the marker and set the marker frequency to 1.234 GHz.
— Press the MKR key and enter 1.234 GHz.

4. Switch on the noise marker function.
— Switch on the Noise Meas softkey.
The R&S ESL displays the noise power at 1 GHz in dBm (1 Hz).

Note: Since noise is random, a sufficiently long measurement time has to be selected to obtain stable
measurement results. This can be achieved by averaging the trace or by selecting a very small
video bandwidth relative to the resolution bandwidth.
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5. The measurement result is stabilized by averaging the trace.
— Press the TRACE key.
— Press the Trace Mode key.
— Press the Average softkey.

The R&S ESL performs sliding averaging over 10 traces from consecutive sweeps. The
measurement result becomes more stable.

Conversion to other reference bandwidths

The result of the noise measurement can be referred to other bandwidths by simple conversion. This is
done by adding 10 - log (BW) to the measurement result, BW being the new reference bandwidth.

Example

A noise power of —150 dBm (1 Hz) is to be referred to a bandwidth of 1 kHz.
Prikiz = —150 + 10 * log (1000) = —150 +30 = —120 dBm (1 kHz)

Calculation method for noise power

If the noise marker is switched on, the R&S ESL automatically activates the sample detector. The video
bandwidth is set to 1/10 of the selected resolution bandwidth (RBW).

To calculate the noise, the R&S ESL takes an average over 17 adjacent pixels (the pixel on which the
marker is positioned and 8 pixels to the left, 8 pixels to the right of the marker). The measurement result
is stabilized by video filtering and averaging over 17 pixels.

Since both video filtering and averaging over 17 trace points is performed in the log display mode, the
result would be 2.51 dB too low (difference between logarithmic noise average and noise power). The
R&S ESL, therefore, corrects the noise figure by 2.51 dB.

To standardize the measurement result to a bandwidth of 1 Hz, the result is also corrected by —10 * log
(RBW uise), With RBW ;s being the power bandwidth of the selected resolution filter (RBW).

Detector selection

The noise power density is measured in the default setting with the sample detector and using
averaging. Other detectors that can be used to perform a measurement giving true results are the
average detector or the RMS detector. If the average detector is used, the linear video voltage is
averaged and displayed as a pixel. If the RMS detector is used, the squared video voltage is averaged
and displayed as a pixel. The averaging time depends on the selected sweep time (=SWT/501). An
increase in the sweep time gives a longer averaging time per pixel and thus stabilizes the measurement
result. The R&S ESL automatically corrects the measurement result of the noise marker display
depending on the selected detector (+1.05 dB for the average detector, 0 dB for the RMS detector). It is
assumed that the video bandwidth is set to at least three times the resolution bandwidth. While the
average or RMS detector is being switched on, the R&S ESL sets the video bandwidth to a suitable
value.

The Pos Peak, Neg Peak, Auto Peak and Quasi Peak detectors are not suitable for measuring noise
power density.

Determining the noise figure

The noise figure of amplifiers or of the R&S ESL alone can be obtained from the noise power display.
Based on the known thermal noise power of a 50 Q resistor at room temperature (-174 dBm (1Hz)) and
the measured noise power P,.se the noise figure (NF) is obtained as follows:

NF = Ppojse + 174 — g,
where g = gain of DUT in dB
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Example

The measured internal noise power of the R&S ESL at an attenuation of 0 dB is found to be —143
dBm/1 Hz. The noise figure of the R&S ESL is obtained as follows

NF =-143 + 174 =31 dB

Note: If noise power is measured at the output of an amplifier, for example, the sum of the internal
noise power and the noise power at the output of the DUT is measured. The noise power of the
DUT can be obtained by subtracting the internal noise power from the total power (subtraction
of linear noise powers). By means of the following diagram, the noise level of the DUT can be
estimated from the level difference between the total and the internal noise level.

Correction —
factorindB ~ P
=
2 ///
-3
5 //
6 /

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Total power/intrinsic noise power in dB

Fig. 2-14  Correction factor for measured noise power as a function of the ratio of total power to the
intrinsic noise power of the spectrum analyzer

Measurement of Noise Power within a Transmission
Channel

Noise in any bandwidth can be measured with the channel power measurement functions. Thus the
noise power in a communication channel can be determined, for example. If the noise spectrum within
the channel bandwidth is flat, the noise marker from the previous example can be used to determine the
noise power in the channel by considering the channel bandwidth. If, however, phase noise and noise
that normally increases towards the carrier is dominant in the channel to be measured, or if there are
discrete spurious signals in the channel, the channel power measurement method must be used to
obtain correct measurement results.
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Measurement example — Measuring the intrinsic noise of the R&S ESL at 1 GHz in a
1.23 MHz channel bandwidth with the channel power function

Test setup:
> Leave the RF input of the R&S ESL open—circuited or terminate it with 50 Q.

Procedure:

1.

Set the R&S ESL to its default state.
— Press the PRESET key.
The R&S ESL is in its default state.

Set the center frequency to 1 GHz and the span to 1 MHz.
— Press the FREQ key and enter 1 GHz.
— Press the SPAN key and enter 2 MHz.

To obtain maximum sensitivity, set RF attenuation on the R&S ESL to 0 dB.
— Press the AMPT key.
— Press the RF Atten Manual softkey and enter 0 dB.

Switch on and configure the channel power measurement.
Press the MEAS key.
Press the CP, ACP, MC-ACP softkey.

The R&S ESL activates the channel or adjacent channel power measurement according to the
currently set configuration.

— Press the CP/ACP Config softkey.

The submenu for configuring the channel is displayed.

— Press the Channel Settings softkey.

The submenu for channel settings is displayed.

— Press the Channel Bandwidth softkey and enter 1.23 MHz.

The R&S ESL displays the 1.23 MHz channel as two vertical lines which are symmetrical to the
center frequency.

— Press the Adjust Settings softkey.

The settings for the frequency span, the bandwidth (RBW and VBW) and the detector are
automatically set to the optimum values required for the measurement.
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Fig. 2-15 Measurement of the R&S ESL's intrinsic noise power in a 1.23 MHz channel
bandwidth.

5. Stabilizing the measurement result by increasing the sweep time

— Press the A key twice.
The main menu for channel and adjacent channel power measurement is displayed.

— Press the Sweep Time softkey and enter 7 s.

The trace becomes much smoother because of the RMS detector and the channel power
measurement display is much more stable.

Method of calculating the channel power

When measuring the channel power, the R&S ESL integrates the linear power which corresponds to the
levels of the pixels within the selected channel. The spectrum analyzer uses a resolution bandwidth
which is far smaller than the channel bandwidth. When sweeping over the channel, the channel filter is
formed by the passband characteristics of the resolution bandwidth (see Fig. 2-16).
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Fig. 2-16  Approximating the channel filter by sweeping with a small resolution bandwidth

The following steps are performed:

e The linear power of all the trace pixels within the channel is calculated.
Pj= 10(1"/ 10)

where Pj = power of the trace pixel i
L; = displayed level of trace point i

e The powers of all trace pixels within the channel are summed up and the sum is divided by the
number of trace pixels in the channel.

e The result is multiplied by the quotient of the selected channel bandwidth and the noise bandwidth
of the resolution filter (RBW).

Since the power calculation is performed by integrating the trace within the channel bandwidth, this
method is also called the IBW method (Integration Bandwidth method).

Parameter settings

For selection of the sweep time, see next section. For details on the parameter settings refer to chapter
"Instrument Functions", section "Settings of the CP / ACP test parameters" or the Online Help.

Sweep time selection
The number of A/D converter values, N, used to calculate the power, is defined by the sweep time. The
time per trace pixel for power measurements is directly proportional to the selected sweep time.

If the sample detector is used, it is best to select the smallest sweep time possible for a given span and
resolution bandwidth. The minimum time is obtained if the setting is coupled. This means that the time
per measurement is minimal. Extending the measurement time does not have any advantages as the
number of samples for calculating the power is defined by the number of trace pixels in the channel.

If the RMS detector is used, the repeatability of the measurement results can be influenced by the
selection of sweep times. Repeatability is increased at longer sweep times.

Repeatability can be estimated from the following diagram:
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Fig. 2-17 Repeatability of channel power measurements as a function of the number of samples
used for power calculation

The curves in Fig. 2-17 indicate the repeatability obtained with a probability of 95% and 99% depending
on the number of samples used.

The repeatability with 600 samples is + 0.5 dB. This means that — if the sample detector and a channel
bandwidth over the whole diagram (channel bandwidth = span) is used — the measured value lies within
+ 0.5 dB of the true value with a confidence level of 99%.

If the RMS detector is used, the number of samples can be estimated as follows:

Since only uncorrelated samples contribute to the RMS value, the number of samples can be calculated
from the sweep time and the resolution bandwidth.

Samples can be assumed to be uncorrelated if sampling is performed at intervals of 1/RBW. The
number of uncorrelated samples is calculated as follows:

Nyecorr = SWT - RBW (Ngecorr means uncorrelated samples)

The number of uncorrelated samples per trace pixel is obtained by dividing Ngecorr by 501 (= pixels per
trace).

Example

At a resolution bandwidth of 30 kHz and a sweep time of 100 ms, 3000 uncorrelated samples are
obtained. If the channel bandwidth is equal to the frequency display range, i.e. all trace pixels are used
for the channel power measurement, a repeatability of 0.2 dB with a probability of 99% is the estimate
that can be derived from Fig. 2-17.
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Measuring Phase Noise

The R&S ESL has an easy-to—use marker function for phase noise measurements. This marker
function indicates the phase noise of an RF oscillator at any carrier in dBc in a bandwidth of 1 Hz.

Measurement example — Measuring the phase noise of a signal generator at a
carrier offset of 10 kHz

Test setup:

Signal
generator

»| R&S ESL

Signal generator settings (e.g. R&S SMU):
Frequency: 100 MHz

Level: 0 dBm

Procedure:

1.

Set the R&S ESL to its default state.
— Press the PRESET key.
R&S ESL is in its default state.

Set the center frequency to 100 MHz and the span to 50 kHz.
— Press the FREQ key and enter 100 MHz.
— Press the SPAN key and enter 50 kHz.

Set the R&S ESL's reference level to 0 dBm (=signal generator level).
— Press the AMPT key and enter 0 dBm.

Enable phase noise measurement.
— Press the MKR key.
— Press the Phase Noise/Ref Fixed softkey.

The R&S ESL activates phase noise measurement. Marker 1 (=main marker) and marker 2 (=
delta marker) are positioned on the signal maximum. The position of the marker is the
reference (level and frequency) for the phase noise measurement. A horizontal line represents
the level of the reference point and a vertical line the frequency of the reference point. The
dialog box for the delta marker is displayed so that the frequency offset at which the phase
noise is to be measured can be entered directly.

Set the frequency offset to 10 kHz for determining phase noise.

— Enter 10 kHz.
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The R&S ESL displays the phase noise at a frequency offset of 10 kHz. The magnitude of the
phase noise in dBc/Hz is displayed in the delta marker output field at the top right of the screen
(Phn2).
6. Stabilize the measurement result by activating trace averaging.
— Press the TRACE key.
— Press the Trace Mode key.

— Press the Average softkey.

Fig. 2-18 Measuring phase noise with the phase—noise marker function

The frequency offset can be varied by moving the marker with the rotary knob or by entering a
new frequency offset as a number.

Measurements on Modulated Signals

For measurements on AM and FM signals refer to the Quick Start Guide, chapter 5, "Basic
Measurements Examples".

Measuring Channel Power and Adjacent Channel Power

Measuring channel power and adjacent channel power is one of the most important tasks in the field of
digital transmission for a spectrum analyzer with the necessary test routines. While, theoretically,
channel power could be measured at highest accuracy with a power meter, its low selectivity means
that it is not suitable for measuring adjacent channel power as an absolute value or relative to the
transmit channel power. The power in the adjacent channels can only be measured with a selective

power meter.
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A spectrum analyzer cannot be classified as a true power meter, because it displays the IF envelope
voltage. However, it is calibrated such as to correctly display the power of a pure sinewave signal
irrespective of the selected detector. This calibration cannot be applied for non—sinusoidal signals.
Assuming that the digitally modulated signal has a Gaussian amplitude distribution, the signal power
within the selected resolution bandwidth can be obtained using correction factors. These correction
factors are normally used by the spectrum analyzer's internal power measurement routines in order to
determine the signal power from IF envelope measurements. These factors apply if and only if the
assumption of a Gaussian amplitude distribution is correct.

Apart from this common method, the R&S ESL also has a true power detector, i.e. an RMS detector. It
correctly displays the power of the test signal within the selected resolution bandwidth irrespective of
the amplitude distribution, without additional correction factors being required. The absolute
measurement uncertainty of the R&S ESL is < 1.5 dB and a relative measurement uncertainty of < 0.5
dB (each with a confidence level of 95%).

There are two possible methods for measuring channel and adjacent channel power with a spectrum
analyzer:

e IBW method (Integration Bandwidth Method)
The spectrum analyzer measures with a resolution bandwidth that is less than the channel
bandwidth and integrates the level values of the trace versus the channel bandwidth. This method
is described in section "Method of calculating the channel power".

e Using a channel filter
For a detailed description, refer to the following section.

Measurement using a channel filter

In this case, the spectrum analyzer makes zero span measurements using an IF filter that corresponds
to the channel bandwidth. The power is measured at the output of the IF filter. Until now, this method
has not been used for spectrum analyzers, because channel filters were not available and the
resolution bandwidths, optimized for the sweep, did not have a sufficient selectivity. The method was
reserved for special receivers optimized for a particular transmission method. It is available in R&S
FSQ, FSU, FSP, FSL and ESL series.

The R&S ESL has test routines for simple channel and adjacent channel power measurements. These
routines give quick results without any complex or tedious setting procedures.

Measurement example 1 — ACPR measurement on an CDMA 2000 signal

Test setup:

Signal

generator > R&SESL

Signal generator settings (e.g. R&S SMU):
Frequency: 850 MHz

Level: 0 dBm
Modulation: CDMA 2000

Procedure:

1. Set the R&S ESL to its default state.
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Press the PRESET key.
The R&S ESL is in its default state.

2. Set the center frequency to 850 MHz and span to 4 MHz.

Press the FREQ key and enter 850 MHz.
Press the SPAN key and enter 4 MHz.

3. Set the reference level to +10 dBm.

Press the AMPT key and enter 10 dBm.

4. Configuring the adjacent channel power for the CDMA 2000 MC1.

Press the MEAS key.
Press the CP, ACP, MC-ACP softkey.
Press the CP / ACP Standard softkey.

In the standards list, mark CDMA 2000 MC1 using the rotary knob or the arrow keys and confirm
pressing the rotary knob or the ENTER key.

The R&S ESL sets the channel configuration according to the 2000 MC1 standard for mobile
stations with 2 adjacent channels above and below the transmit channel. The spectrum is
displayed in the upper part of the screen, the numeric values of the results and the channel
configuration in the lower part of the screen. The various channels are represented by vertical
lines on the graph.

The frequency span, resolution bandwidth, video bandwidth and detector are selected
automatically to give correct results. To obtain stable results — especially in the adjacent
channels (30 kHz bandwidth) which are narrow in comparison with the transmission channel
bandwidth (1.23 MHz) — the RMS detector is used.

5. Set the optimal reference level and RF attenuation for the applied signal level.

Press the Adjust Ref Level softkey.

The R&S ESL sets the optimal RF attenuation and the reference level based on the
transmission channel power to obtain the maximum dynamic range. Fig. 2-19 shows the result
of the measurement.
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Fig. 2-19 Adjacent channel power measurement on a CDMA 2000 MC1 signal

The repeatability of the results, especially in the narrow adjacent channels, strongly depends on
the measurement time since the dwell time within the 30 kHz channels is only a fraction of the
complete sweep time. A longer sweep time may increase the probability that the measured
value converges to the true value of the adjacent channel power, but this increases
measurement time.

To avoid long measurement times, the R&S ESL measures the adjacent channel power with
zero span (fast ACP mode). In the fast ACP mode, the R&S ESL measures the power of each
channel at the defined channel bandwidth, while being tuned to the center frequency of the
channel in question. The digital implementation of the resolution bandwidths makes it possible
to select filter characteristics that is precisely tailored to the signal. In case of CDMA 2000 MC1,
the power in the useful channel is measured with a bandwidth of 1.23 MHz and that of the
adjacent channels with a bandwidth of 30 kHz. Therefore the R&S ESL changes from one
channel to the other and measures the power at a bandwidth of 1.23 MHz or 30 kHz using the
RMS detector. The measurement time per channel is set with the sweep time. It is equal to the
selected measurement time divided by the selected number of channels. The five channels
from the above example and the sweep time of 100 ms give a measurement time per channel
of 20 ms.

Compared to the measurement time per channel given by the span (= 5 MHz) and sweep time
(= 100 ms, equal to 0.600 ms per 30 kHz channel) used in the example, this is a far longer
dwell time on the adjacent channels (factor of 12). In terms of the number of uncorrelated
samples this means 20000/33 ps = 606 samples per channel measurement compared to
600/33us = 12.5 samples per channel measurement.

Repeatability with a confidence level of 95% is increased from + 1.4 dB to + 0.38 dB as shown
in Fig. 2-17. For the same repeatability, the sweep time would have to be set to 1.2 s with the
integration method. Fig. 2-20 shows the standard deviation of the results as a function of the
sweep time.
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Fig. 2-20 Repeatability of adjacent channel power measurement on CDMA 2000 standard
signals if the integration bandwidth method is used

6. Switch to fast ACP mode to increase the repeatability of results.
— Switch the Fast ACP softkey to On.

The R&S ESL measures the power of each channel with zero span. The trace represents
power as a function of time for each channel (see Fig. 2-23). The numerical results over
consecutive measurements become much more stable.
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Fig. 2-21 Measuring the channel power and adjacent channel power ratio for 2000 MC1
signals with zero span (Fast ACP)

Fig. 2-22 shows the repeatability of power measurements in the transmit channel and of relative
power measurements in the adjacent channels as a function of sweep time. The standard
deviation of measurement results is calculated from 100 consecutive measurements as shown
in Fig. 2-22. Take scaling into account if comparing power values.

ACPR IS95 Repeatability

0,35

0,3 -
@ 0,25
g§ 0,2
; — Adjacen/tchannels
g 0,15
7 O Tx channel Alt / Py A ]

0,05 - ernate channels

0 ‘ “ L —o
10 100 1000

Sweep time/ms

Fig. 2-22 Repeatability of adjacent channel power measurements on CDMA 2000 signals in
the fast ACP mode
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Note on adjacent channel power measurements on 2000 MC1 base-station signals:

When measuring the adjacent channel power of 2000 MC1 base—station signals, the frequency spacing
of the adjacent channel to the nominal transmit channel is specified as £750 kHz. The adjacent
channels are, therefore, so close to the transmit channel that the power of the transmit signal
leaks across and is also measured in the adjacent channel if the usual method using the 30
kHz resolution bandwidth is applied. The reason is the low selectivity of the 30 kHz resolution
filter. The resolution bandwidth, therefore, must be reduced considerably, e.g. to 3 kHz to avoid
this. This causes very long measurement times (factor of 100 between a 30 kHz and 3 kHz
resolution bandwidth).

This effect is avoided with the zero span method which uses steep IF filters. The 30 kHz channel filter
implemented in the R&S ESL has a very high selectivity so that even with a £ 750 kHz spacing
to the transmit channel the power of the useful modulation spectrum is not measured.

The following figure shows the passband characteristics of the 30 kHz channel filter in the R&S ESL.

-60

I g

Fig. 2-23  Frequency response of the 30 kHz channel filter for measuring the power in the 2000 MC1
adjacent channel
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Measurement example 2 — Measuring adjacent channel power of a W-CDMA uplink
signal

Test setup:

Signal
generator

»| R&S ESL

Signal generator settings (e.g. R&S SMU):
Frequency: 1950 MHz

Level:

4 dBm

Modulation: 3 GPP W-CDMA Reverse Link

Procedure:

1. Set the R&S ESL to its default state.

Press the PRESET key.
The R&S ESL is in its default state.

2. Set the center frequency to 1950 MHz.

Press the FREQ key and enter 1950 MHz.

3. Switch on the ACP measurement for W—CDMA.

Press the MEAS key.
Press the CP, ACP, MC-ACP softkey.
Press the CP / ACP Standard softkey.

In the standards list, mark W—CDMA 3GPP REV using the rotary knob or the arrow keys and
confirm pressing the rotary knob or the ENTER key.

The R&S ESL sets the channel configuration to the 3GPP W-CDMA standard for mobiles with
two adjacent channels above and below the transmit channel. The frequency span, the
resolution and video bandwidth and the detector are automatically set to the correct values. The
spectrum is displayed in the upper part of the screen and the channel power, the level ratios of
the adjacent channel powers and the channel configuration in the lower part of the screen. The
individual channels are displayed as vertical lines on the graph.

4. Set the optimum reference level and the RF attenuation for the applied signal level.

Press the Adjust Ref Level softkey.

The R&S ESL sets the optimum RF attenuation and the reference level for the power in the
transmission channel to obtain the maximum dynamic range. The following figure shows the
result of the measurement.
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Alternate Channel

Ref L |

Fig. 2-24 Measuring the relative adjacent channel power on a W—CDMA uplink signal

5. Measuring adjacent channel power with the fast ACP mode.
— Set Fast ACP softkey to On.
— Press the Adjust Ref Level softkey.

The R&S ESL measures the power of the individual channels with zero span. A root raised
cosine filter with the parameters o = 0.22 and chip rate 3.84 Mcps (= receive filter for 3GPP W-
CDMA) is used as channel filter.
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Fig. 2-25 Measuring the adjacent channel power of a W—CDMA signal with the fast ACP
mode

Note: With W-CDMA, the R&S ESL's dynamic range for adjacent channel measurements is limited
by the 12—bit A/D converter. The greatest dynamic range is, therefore, obtained with the IBW
method.

Optimum Level Setting for ACP Measurements on W-CDMA Signals

The dynamic range for ACPR measurements is limited by the thermal noise floor, the phase noise and
the intermodulation (spectral regrowth) of the spectrum analyzer. The power values produced by the
R&S ESL due to these factors accumulate linearly. They depend on the applied level at the input mixer.
The three factors are shown in the figure below for the adjacent channel (5 MHz carrier offset).
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Fig. 2-26 The R&S ESL's dynamic range for adjacent channel power measurements on W—CDMA
uplink signals is a function of the mixer level.

The level of the W—CDMA signal at the input mixer is shown on the horizontal axis, i.e. the measured
signal level minus the selected RF attenuation. The individual components which contribute to the
power in the adjacent channel and the resulting relative level (total ACPR) in the adjacent channel are
displayed on the vertical axis. The optimum mixer level is —21 dBm. The relative adjacent channel
power (ACPR) at an optimum mixer level is —65 dBc. Since, at a given signal level, the mixer level is set
in 10 dB steps with the 10 dB RF attenuator, the optimum 10 dB range is shown in the figure: it spreads
from —16 dBm to —26 dBm. In this range, the obtainable dynamic range is 62 dB.

To set the attenuation parameter manually, the following method is recommended:

e Set the RF attenuation so that the mixer level (= measured channel power — RF attenuation) is
between —11 dBm and —21 dBm.

e Set the reference level to the largest possible value where no overload (IFOVL) is indicated.
This method is automated with the Adjust Ref Level function. Especially in remote control mode, e.g.

in production environments, it is best to correctly set the attenuation parameters prior to the
measurement, as the time required for automatic setting can be saved.

Note: To measure the R&S ESL's intrinsic dynamic range for W-CDMA adjacent channel power
measurements, a filter which suppresses the adjacent channel power is required at the output
of the transmitter. A SAW filter with a bandwidth of 4 MHz, for example, can be used.
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Amplitude Distribution Measurements

If modulation types are used that do not have a constant zero span envelope, the transmitter has to
handle peak amplitudes that are greater than the average power. This includes all modulation types that
involve amplitude modulation —QPSK for example. CDMA transmission modes in particular may have
power peaks that are large compared to the average power.

For signals of this kind, the transmitter must provide large reserves for the peak power to prevent signal
compression and thus an increase of the bit error rate at the receiver.

The peak power or the crest factor of a signal is therefore an important transmitter design criterion. The
crest factor is defined as the peak power / mean power ratio or, logarithmically, as the peak level minus
the average level of the signal.

To reduce power consumption and cut costs, transmitters are not designed for the largest power that
could ever occur, but for a power that has a specified probability of being exceeded (e.g. 0.01%).

To measure the amplitude distribution, the R&S ESL has simple measurement functions to determine
both the APD = Amplitude Probability Distribution and CCDF = Complementary Cumulative Distribution
Function.

In the APD display mode, the probability of occurrence of a certain level is plotted against the level.

In the CCDF display mode, the probability that the mean signal power will be exceeded is shown in
percent.

Measurement example — Measuring the APD and CCDF of white noise generated by
the R&S ESL

1. Set the R&S ESL to its default state.
— Press the PRESET key.
The R&S ESL is in its default state.

2. Configure the R&S ESL for APD measurement

— Press the AMPT key and enter —60 dBm.
The R&S ESL's intrinsic noise is displayed at the top of the screen.
Press the MEAS key.

Press the More softkey.
— Press the APD softkey.

The R&S ESL sets the frequency span to 0 Hz and measures the amplitude probability
distribution (APD). The number of uncorrelated level measurements used for the measurement
is 100000. The mean power and the peak power are displayed in dBm. The crest factor (peak
power — mean power) is output as well.
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Fig. 2-27 Amplitude probability distribution of white noise

3. Switch to the CCDF display mode.
— Press the A key.
— Press the CCDF softkey.
The CCDF display mode is switched on.
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Fig. 2-28 CCDF of white noise

The CCDF trace indicates the probability that a level will exceed the mean power. The level
above the mean power is plotted along the x—axis of the graph. The origin of the axis
corresponds to the mean power level. The probability that a level will be exceeded is plotted
along the y—axis.

4. Bandwidth selection

When the amplitude distribution is measured, the resolution bandwidth must be set so that the
complete spectrum of the signal to be measured falls within the bandwidth. This is the only way of
ensuring that all the amplitudes will pass through the IF filter without being distorted. If the
resolution bandwidth which is selected is too small for a digitally modulated signal, the amplitude
distribution at the output of the IF filter becomes a Gaussian distribution according to the central
limit theorem and so corresponds to a white noise signal. The true amplitude distribution of the
signal therefore cannot be determined.

5. Selecting the number of samples

For statistics measurements with the R&S ESL, the number of samples Nsamples is entered for
statistical evaluation instead of the sweep time. Since only statistically independent samples
contribute to statistics, the measurement or sweep time is calculated automatically and displayed.
The samples are statistically independent if the time difference is at least 1/RBW. The sweep time
SWT is, therefore, expressed as follows:

SWT = NSamp[eS /RBW
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Noise Figure Measurements Option (K30)

This section describes measurement examples for the Noise Figure Measurements option (K30). For
further information on measurement examples refer to the Quick Start Guide, chapter 5 "Basic
Measurement Examples”, or the Operating Manual on CD, chapter "Advanced Measurement
Examples".

Direct Measurements

Direct measurements are designed for DUTs without frequency—conversion, e.g. amplifiers. For details
refer also to the Operating Manual on CD, chapter "Instrument Functions", section "Noise Figure
Measurements Option (K30)".

Basic Measurement Example

This section provides step—by—step instructions for working through an ordinary noise figure
measurement. The following steps are described:

1. Setting up the measurement
2. Performing the calibration
3. Performing the main measurement

The gain and noise figure of an amplifier are to be determined in the range from 220 MHz to 320 MHz.

Setting up the measurement

1. Activate the Noise mode (for details refer to chapter "Instrument Functions", section "Measurement
Mode Selection — MODE Key").

2. Press the Freq Settings softkey to open the Frequency Settings dialog box.

Frequency Settings Frequency Table
RF LO IF
Start Freq (550 MHz 550.000 MHz |0.000 Hz 550000 MHz
Stop Freq (560 MHz 552.000 MHz |0.000 Hz 552000 hHz
Step Freqg |2 MHz 554000 MHz |0.000Hz  |554.000 MHz
ile]n] =R Fied LO, F=RF+LO = 556.000 MHz |0.000Hz  |556.000 MHz
Fixed LO |0 Hz 558.000 MHz |0.000 Hz 556,000 MHz
Image Rej [993.93 dB 560.000 MHz |0.000 Hz 550000 MHz

— Inthe Start Freq field, enter 550 MHz.
— In the Stop Freq field, enter 560 MHz.
— Inthe Step Freq field, enter 2 MHz.

A measurement at 6 frequency points is performed: 550 MHz, 552 MHz, 554 MHz, ..., 560
MHz.

3. Press the ENR Settings softkey to open the ENR dialog box.
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R&S ESL

ENR Settings

Selection

EMR Constant
Room Temperature

— In the ENR Constant field, enter the average ENR value of the used noise source for the

frequency range of interest, for example 15 dB.

4. Press the Meas Settings softkey to open the Measurement Settings dialog box.

Measurement Settings

Calibration

e Correction [l

Analyzer Settings
REW

Sweep Time
Settling Time
Average

RF Attenuation
Automatic Ref Level
Ref Level

Range

Preamplifier

1 MHz
100 ms=
a0 ms
1
0de
v

30 dB

Performing the calibration

1.
2.

1300.5053.12

2.40

ENR Tahle
RF EMR
Constant 5250 MHz 5 dB
15 dB 560 MHz 10 dB
293 K 570 MHz 20 dB

— Activate the 2nd Stage Correction option to perform the measurement as accurately as
possible.

Connect the noise source to the RF input of the R&S ESL (see Fig. 2-29).

If you perform the measurement in an environment with radiated emissions, you may consider to
connect a lowpass filter to the voltage supply input of the noise source.

Provide the voltage supply for the noise source by connecting it to the +28 V connector of the
R&S ESL (labeled NOISE SOURCE CONTROL on the rear panel of the instrument) via a coax
cable and the lowpass filter. Connect the lowpass filter between the noise source itself and the
NOISE SOURCE CONTROL connector of the R&S ESL as shown in Fig. 2-29.

The purpose of the lowpass filter is to suppress any interference (e.g. due to RF interference),
including interference from the supply line. This makes it possible to perform very precise
measurements.
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NO&%N?’%%TCIE—@ Noise Source ~ [——— RF Input
(rear panel) ilter / (front panel)
ov
+28V
Fig. 2-29: Preparation for calibration
4. Start the calibration for the Noise Figure Measurements option.
— Press the SWEEP key.
— Press the Cal softkey.

The progress bar indicates the progress of the calibration measurement. After successful
calibration, in the status bar, a corresponding message is displayed and the title bar at the top of
the screen shows the status on the right—-hand—side.

Performing the main measurement

1. Insert the DUT (in this example, the amplifier) into the test setup between the noise source and RF
input of the R&S ESL (see Fig. 2-30).

NOISE SOURCE e
CONTROL Noise Source DUT I RFInput
filter (front panel)

(rear panel)

ov
+28V
Fig. 2-30: Test setup for the main measurement
To select the sweep mode, press the SWEEP key.
Press the RUN key to start the measurement.

Measurement results are updated as the measurement is in progress. The results are displayed in
graphical form. There are two traces, one for noise figure/temperature and one for the gain of the
DUT.

4. To change the display from the graphical form to a tabular list of measurement points, press the
Display List/Graph softkey.

Note: If a measurement is started while another measurement is still in progress, the first
measurement is aborted and the new measurement started immediately.

DUTs with very Large Gain

If the gain of the DUT exceeds 60 dB, the total gain must be reduced by an external attenuator. The
total gain of the DUT together with the external attenuator should lie within the range from 10 dB to
60 dB. A total gain of 20 dB to 30 dB is recommended. For a DUT with a gain of e.g. 64 dB, it is
recommended to use an external 40 dB—attenuator.

If an external attenuator is used, in the Measurement Settings dialog box, the entry in the Range field
should be modified according to the total gain ( = Gpyt — external attenuator).

The attenuation values of the external attenuator are entered in the Loss Settings dialog box under
Loss Output Settings.

Inaccuracies when entering this attenuation mainly influence the measured gain. The noise figure
remains to a large extent unaffected.
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Measurement
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CONTROL oy 053 Noise Source DUT Extenal | RFInput
(rear panel) filter / Attenuator (front panel)
ov

+28V

Fig. 2-31:  Calibration and measurement on DUTs with a high gain

Frequency-Converting Measurements

The frequency—converting measurement is used for DUTs with an output frequency that differs from the
input frequency, e.g. mixers and frequency converters. The frequency—converting measurement allows
many variations, which differ from each other in two criteria:

= Fixed LO Measurements

= Image-Frequency Rejection (SSB, DSB)

Fixed LO Measurements
In the Frequency Settings dialog box, select one of the following settings for the Mode parameter:
= fixed LO, IF=RF+LO, for up—converting devices

= fixed LO, IF=abs(RF-LO), for down converters or image measurements

Image—Frequency Rejection (SSB, DSB)

Frequency—converting DUTs often do not only convert the desired input frequency but also the image
frequency. A broadband noise source offers noise to the DUT not only at the input frequency but also at
the image frequency. If the noise power at the IF gate is measured, the origin of the noise can no longer
be determined. It may have been converted both from the input and from the image frequency range.

Test setup
> Set the following parameters:

— IF (intermediate frequency): 100 MHz

— REF (input frequency): 400 MHz

— LO (local oscillator frequency): 500 MHz
— image (image frequency): 600 MHz
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If a DUT, which equally converts the useful signal and the image to the IF frequency, is measured using
the conventional y factor method or with the 2nd stage correction switched on, a measuring error of 3
dB is produced. The noise figure is displayed 3 dB lower and the gain 3 dB higher. The following
examples help to configure the test setup in order to measure the actual values.

Measurement on a single—sideband mixer

IF Lo freq.—

In general, a single—sideband mixer with a very high image rejection causes very few problems. The

measurement is analogous to an amplifier. In this case, set the image rejection in the Frequency
Settings dialog box to a large value (e.g. 999.99 dB).

Measurement on a mixer without sideband suppression

=
i
AL LR

N\
N\
N

NN
NN
NN

NN
NN

IF RF LO

If the input and image frequencies are converted with the same application, an error of 3 dB occurs in
the measurement results if the image rejection is not taken into account. In this case, set the image
rejection in the Frequency Settings dialog box to a small value (e.g. 0.0 dB).

Measurement on a mixer with an average sideband suppression
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IF LO
For measurements on a mixer with a low image—frequency rejection, a measuring error of 0 to 3 dB is

obtained if the image—frequency rejection is not taken into account. In this case, set the image rejection
in the Frequency Settings dialog box to 4 dB to produce the correct results.

Measurement on a mixer with unknown sideband suppression
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If the image rejection is not known, accurate noise results can still be produced. However, the gain of
the DUT must be known and an additional filter is required.

Test setup

NOISE SOURCE Tow5ass
CONTROL Noise Source  |—— IF
(rear panel) (front panel)

ov

+28V

Fig. 2-32:  Preparation for calibration

NOISE SOURCE RE
CONTROL Low pass | Noise Source Low Mixer IF
filter Pass
(rear panel) (front panel}
ov

+28V

Fixed LO

Fig. 2-33:  Test setup for the main measurement

In this test setup, a low pass filter prevents noise from the noise source from being fed in at the image
frequency. Depending on the position of the frequency bands, a highpass or bandpass filter may also
be necessary for the RF frequency instead of the lowpass filter. The important point is that noise from
the noise source is not converted by a further receive path of the mixer. The noise of the noise source
at the receive frequency must not be reduced. The insertion loss must be considered, if applicable.
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With this test setup, the measurement on a mixer without sideband suppression corresponds to the
measurement on a single-sideband mixer. As in that case, set the image rejection in the Frequency
Settings dialog box to a large value (e.g. 999.99 dB) to produce accurate results.

To take the characteristics of the filter into account, in the Loss Settings dialog box, enter the insertion
loss of the filter at the RF frequency. To consider the actual filter suppression at the image frequency,
do not enter 999 dB but the actual attenuation for the image rejection.

Measurement on a harmonics mixer

For a harmonics mixer, the input signals are not only converted to the IF by the wanted harmonic, but
also by the harmonic of the LO signal produced in the mixer. In many cases, the mixer even features a
lower conversion loss in the case of unwanted harmonics. For measurements on this type of mixer, a
bandpass filter must be used to make sure that that there is only noise at the desired input frequency at
the input of the DUT. This measurement is similar to measurements on a mixer with an average
sideband suppression.
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3 Manual Operation

For details refer to the Quick Start Guide chapter 4, "Basic Operations".
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4

Instrument Functions

This chapter describes the analyzer and receiver functions and all basic settings functions of the
R&S ESL in detail.

"Instrument Functions — Receiver" on page 4.2

This section describes measurement functions and measurement parameter for the R&S ESL in
receiver mode.

"Instrument Functions — Analyzer" on page 4.79

This section describes measurement functions and measurement parameter for the R&S ESL in
spectrum analyzer mode.

"Measurement Modes" on page 4.194

This section describes the provided measurement modes, the change of measurement modes and
the access to the menus of all active measurement modes.

"Models and Options"" on page 4.197

This section informs about optional functions and their application that are included in the basic unit
configuration.
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Instrument Functions — Receiver

How to open the Receiver mode

The receiver mode is selected using the MODE key ("Measurement Mode Selection — MODE Key" on
page 4.78).

= Remote: INST REC

In the receiver mode the R&S ESL measures the level of a signal at the set frequency with a selected
bandwidth and measurement time (see also Res BW Manual and Meas Time). Signal weighting is
done by means of detectors (see also Scan Detector, Final Meas Detector and "Selecting the
Detector").

The functions for data reduction and the control of line impedance simulating network are available in
the Final Meas submenus.

A frequency scan can be performed after setting the start and stop frequency and the step width. The
scan subranges can be defined in a table (Edit Scan Table softkey).

The scan is started with the RUN key.

The MENU key opens the root menu of the receiver. The root menu contains the essential
measurement functions. The contents are the same as in the measurement menu (MEAS key).

e "Measurement Parameters" on page 4.3

This section describes how to reset the instrument, to set up specific measurements and to set the
measurement parameters. Examples of basic operations are provided in the Quick Start Guide,
chapter 5 "Basic Measurement Examples".

e "Measurement Functions" on page 4.39

This section informs about how to select and configure the measurement functions. Examples of
basic operations are provided in the Quick Start Guide, chapter 5 "Basic Measurement Examples".

e "Measurement Modes" on page 4.194

This section describes the provided measurement modes, the change of measurement modes and
the access to the menus of all active measurement modes.

e "Models and Options" on page 4.197

This section informs about optional functions and their application that are included in the basic unit
configuration.

More basic information on operation is given in the Quick Start Guide. The front and the rear view of the
instrument together with a table of all available keys and a short description are provided in chapter
"Front and Rear Panel". Chapter "Preparing for Use" informs how to start working with the instrument
for the first time. A brief introduction on handling the instrument is given in chapter "Basic Operations".
This includes also the description of the keys for basic operations like switching the instrument on and
off or starting a measurement.
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Measurement Parameters

In this section all menus necessary for setting measurement parameters are described. This includes
the following topics and keys. For details on changing the mode refer to "Measurement Modes"

"Initializing the Configuration — PRESET key" on page 4.4
“Operation on a Discrete Frequency — FREQ Key” on page 4.6
“Level Display and RF Input Configuration — AMPT Key” on page 4.9
“Setting the IF Bandwidth — BW Key” on page 4.13

“Frequency Scan — SWEEP Key” on page 4.18

“Triggering the Scan — TRIG Key” on page 4.26

“Selection and Setting of Traces — TRACE Key” on page 4.28
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Initializing the Configuration — PRESET key

The PRESET key resets the instrument to the default settings. Therefore it provides a defined initial
state as a known starting point for measurements.

Note: If the LOCAL LOCKOUT function is active in the remote control mode, the PRESET key is
disabled.

Further information

"Initial configuration" on page 4.82

Task

— To preset the instrument

To preset the instrument
1. Define the data set for the preset:

— To retrieve the originally provided settings file (see Initial configuration), in the file menu,
deactivate the Startup Recall softkey and, in the setup menu, activate the Preset Receiver
softkey.

— For compatibility to the R&S FSL spectrum analyzers the preset state can be set to the
R&S FSL settings by activating the Preset Spectrum softkey in the setup menu.

— To retrieve a customized settings file, in the file menu, activate the Startup Recall softkey,
press the Startup Recall Setup softkey, and select the corresponding file.

For details refer to section "Saving and Recalling Settings Files — FILE Key".
2. Press the PRESET key to trigger a preset.

= Remote: *RST or SYSTem: PRESet (for details refer to chapter "Remote Control — Commands”,
section "Common Commands" or section "SYSTem Subsystem").

Note: In order to save the current settings after reboot of the instrument, create a shutdown file by
switching the analyzer in the standby mode (press the On/Off key on the FRONT panel and
wait until the yellow LED is ON). With the battery pack option, use a USB keyboard and
terminate the analyzer firmware with ALT+F4 to create the shutdown file.
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Initial configuration

The initial configuration is selected in a way that the RF input is always protected against overload,
provided that the applied signal levels are in the allowed range for the instrument.

The parameter set of the initial configuration can be customized by using the Startup Recall softkey in
the file menu. For further information refer to section "Instrument Functions — Basic Settings", "Saving
and Recalling Settings Files — FILE Key".

Table 4-1: Initial configuration of the receiver

Parameter Setting
mode Receiver
receiver frequency 100 MHz
scan step size auto coarse
scan start frequency 150 kHz
stop frequency 1 GHz
step mode Auto
RF attenuation Auto

10 dB
preamplifier off
level range 100 dB log
level unit dBuVv
measurement time 100 ms
resolution bandwidth (RBW) 120 kHz
filter type EMI (6 dB)
scan continous
bargraph continous
trigger free run
trace 1 Clear Write
trace 2-6 blank
scan detector peak
scan count 1
peak search peaks
No of peaks 25
final measurement time 1s
LISN settings off
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Operation on a Discrete Frequency — FREQ Key

The FREQ key opens the frequency menu for setting the receiver frequency in manual operation and
the frequency axis for scan display.

To open the frequency menu
» Press the FREQ key.

The frequency menu is displayed and the receiver frequency field activated.

Menu and softkey description
"Softkeys of the frequency menu" on page 4.6

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Softkeys of the frequency menu

The following table shows all softkeys available in the frequency menu. It is possible that your
instrument configuration does not provide all softkeys. If a softkey is only available with a special option,
model or (measurement) mode, this information is delivered in the corresponding softkey description.

Menu / Command Command

Frequency

Stepsize ¥ Auto Coarse
Auto Fine
Manual

Stepsize = Freq

Start Frequency

Stop Frequency

Frequency

The Frequency softkey activates the entry field of the receiver frequency in the bargraph
diagram.

The tuning frequency has to be set to at least twice the IF bandwidth.

When the tuning frequency is lower than twice the IF bandwidth, the IF bandwidth is
automatically reduced so that this condition is met again.

If the frequency is increased again, the original IF bandwidth is restored (memory function). The
memory is cleared when the IF bandwidth is manually changed.

The resolution of the receiver frequency is always 0.1 Hz.
Range: 9 kHz < fioc < fiax

= Remote: FREQ:CENT 300 MHz
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Stepsize

The Stepsize softkey opens a submenu for setting the step size of the receiver frequency. The
step size can be coupled to the set frequency or be manually set to a fixed value. The softkeys
of the submenu are mutually exclusive selection switches. Only one switch can be activated at a
time.

The following softkeys are available:

Auto Coarse

Auto Fine

Manual

Stepsize = Freq

Auto Coarse

If the Auto Coarse softkey is activated, the receiver frequency is set in coarse steps. The 4th
digit of the selected frequency is varied.

Auto Fine

If the Auto Fine softkey is activated, the receiver frequency is set in fine steps. The 7th digit of
the selected frequency is varied.

Manual

The Manual softkey opens the dialog box for the input of a fixed step size

= Remote: FREQ:CENT:STEP 50 kHz

Stepsize = Freq

The Stepsize = FREQ softkey sets the step size to a value equal to the receiver frequency.

This function is especially useful during measurements of the signal harmonic content, because,
when entering the receiver frequency, the receiver frequency of another harmonic is selected
with each stroke of the Stepsize softkey.

Start Frequency

The Start Frequency softkey opens a dialog box to enter the start frequency of the scan
diagram.

The permissible value range for the start frequency is:
fnin < fstart < fnax— 10 Hz
fstar: Start frequency
fnax: Maximum frequency
froin: 9 kHz
= Remote: FREQ: STAR 20 MHz
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Stop Frequency

The Stop Frequency softkey opens a dialog box to enter the stop frequency of the scan
diagram.

The permissible value range for the stop frequency is:
fin + 10 HZ < fiop < frnax
fstop: StOp frequency
fmax: maximum frequency

= Remote: FREQ:STOP 2000 MHz
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Level Display and RF Input Configuration — AMPT Key
The AMPT key is used to set the input attenuation, the Preamplifier (option RF Preamplifier, B22), the
auto range function and the Display Unit.

In addition, the level display range for the scan can be set.

To open the amplitude menu
» Press the AMPT key.

The amplitude menu is displayed.

Menu and softkey description
— Softkeys of the amplitude menu

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Softkeys of the amplitude menu

Menu / Command Command

RF Atten Manual

Preamp On Off

10 dB Min On Off

Auto Range On Off

Autopreamp On Off

Unit

Grid Level Grid Range Log 100 dB

Grid Range Log Manual

Grid Min Level

RF Atten Manual

The RF Atten Manual softkey activates the attenuation entry field.

The attenuation can be set between 0 and 50 dB in 5 dB steps. Other entries are rounded up to
the nearest valid integer.

Note: To protect the input mixer against inadvertent overload, 0 dB can only be switched on when the
10 dB Min softkey is switched off.

= Remote: INP:ATT 20 dB
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Preamp On Off (option RF Preamplifier, B22)

The Preamp On/Off softkey switches the preamplifier (9 kHz to 6 GHz) on and off.

Switching on the preamplifier reduces the total mark figure of the R&S ESL and thus improves
the sensitivity.

The signal level of the subsequent mixer is 20 dB higher so that the maximum input level is
reduced by the gain of the preampilifier.

The use of the preamplifier is recommended when measurements with a maximum sensitivity
are to be performed. On the other hand, if the measurement should be performed at maximum
dynamic range, the preamplifier should be switched off.

The gain of the preamplifier is automatically considered in the level display.
Default value is OFF.

= Remote: INP:GAIN:STAT ON

10 dB Min On Off

The 10 dB Min softkey determines whether the 10 dB setting of the attenuator may be used in
the manual or automatic setting of the attenuator.

10 dB Min ON is the default value, i.e. an RF attenuation of at least 10 dB is always set on the
R&S ESL to protect the input mixer.

An attenuation of 0 dB cannot be set manually either. This avoids 0 dB being switched on
inadvertently, particularly when DUTs with high RFI voltage are measured.

= Remote: INP:ATT: PROT ON

Auto Range On Off

The Auto Range On/Off softkey switches the autorange function on and off.

ON The attenuation is automatically set so that a good S/N ratio is
obtained without the receiver stages being overdriven.

OFF The attenuation is set manually.

= Remote: INP:ATT:AUTO ON

Autopreamp On Off (option RF Preamplifer, B22)

The Autopreamp On/Off softkey switches the auto preamp function and or off.

ON The preamplifier is considered in the autorange procedure. The
preamplifier is cut in when the RF attenuation is reduced to the
minimum settable value.

OFF  The preamplifier is not considered in the autorange procedure.

= Remote: INP:GAIN:AUTO ON
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Unit

The Unit softkey opens a list in which the desired units for the level axis can be selected: dBm,
dBpW, dBmV, dBuV, dBpA or dBpT. Default setting is dBuV.

dBm

dBpW

dBmV

dBuVv

dBpA

dBpT

In general, a receiver measures the signal voltage at the RF input. The level display is calibrated
in RMS values of an unmodulated sinewave signal.

Via the known input resistance of 50 2 a conversion can be made to other units. The units
dBm, dBpW, dBmV, dBpV, dBuA and dBpT are directly convertible.

= Remote: CALC:UNIT:POW DBM

Grid Level

The Grid Level softkey opens a submenu to adjust the range of the y-axis. The submenu
contains the following softkeys:

Grid Range Log 100 dB

Grid Range Log Manual

Grid Min Level

Grid Range Log 100 dB

The Grid Range Log 100 dB softkey sets the level display range for the scan diagram to 100
dB (= default setting).

= Remote: DISP:WIND:TRAC:Y:SPAC LOG
= Remote: DISP:WIND: TRAC:Y 100DB

Grid Range Log Manual

The Grid Range Log Manual softkey activates the entry of the level display range for the scan
diagram.

The display ranges go from 10 to 200 dB in 10-dB steps. Invalid entries are rounded off to the
nearest valid value.

= Remote: DISP:WIND:TRAC:Y:SPAC LOG
= Remote: DISP:WIND: TRAC:Y 120DB
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Grid Min Level

The Grid Min Level softkey activates the entry of the minimum level of the display range.
Allowed values are:

- 200 < Grid Min Level < + 200 dB - Grid Range

= Remote: DISP:WIND: TRAC:Y:SPAC LOG
= Remote: DISP:WIND:TRAC:Y:BOTT 0 DBM
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Setting the IF Bandwidth — BW Key

The R&S ESL offers the IF bandwidths (3 dB bandwidths) from 10 Hz to 10 MHz. The IF bandwidths
are available in steps of 1/3/10. Also available are the IF bandwidths (6 dB bandwidths) 200 Hz, 1 kHz,
9 kHz, 120 kHz and 1 MHz.

To open the bandwidth menu
» Press the BW key.
The bandwidth menu is displayed.

Menu and softkey description
— Softkeys of the bandwidth menu

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further Information

— List of available channel filters

List of available channel filters

The channel filters listed in the following table are available as resolution filters (softkey Res BW
Manual) after activation with the softkey Filter Type.

Note: For filter type RRC (Root Raised Cosine) the indicated filter bandwidth describes the sampling
rate of the filter. For all other filters (CFlILter) the filter bandwidth is the 3dB bandwidth.

Table 4-1: List of available channel filters

Filter Bandwidth Filter Type Application
100 Hz CFlLter

200 Hz CFlLter A0

300 Hz CFlLter

500 Hz CFlLter

1 kHz CFlLter

1.5 kHz CFlLter

2 kHz CFlLter

24 kHz CFlLter SSB

2.7 kHz CFlLter

3 kHz CFlLter

3.4 kHz CFlLter

4 kHz CFlLter DAB, Satelite
4.5 kHz CFlLter

5 kHz CFlLter

6 kHz CFlLter
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Filter Bandwidth Filter Type Application
8.5 kHz CFlLter ETS300 113 (12.5 kHz channels)
9 kHz CFlLter AM radio
10 kHz CFILter
12.5 kHz CFlLter CDMAone
14 kHz CFlLter ETS300 113 (20 kHz channels)
15 kHz CFILter
16 kHz CFILter ETS300 113 (25 kHz channels)
18 kHz, « =0.35 RRC TETRA
20 kHz CFILter
21 kHz CFILter PDC
24.3 kHz, « =0.35 RRC IS 136 (NADC)
25 KHz CFILter
30 kHz CFILter CDPD, CDMAone
50 KHz CFlLter
100 kHz CFlLter
150 kHz CFlLter FM radio
192 kHz CFILter PHS
200 kHz CFILter
300 kHz CFILter
500 kHz CFILter J.83 (8-VSB DVB, USA)
1.0 MHz CFlLter CDMAone
1.2288 MHz CFILter CDMAone
1.5 MHz CFILter DAB
2.0 MHz CFlLter
3.0 MHz CFlLter
3.75 MHz CFILter
3.84 MHz, « =0.22* RRC W-CDMA 3GPP
4.096 MHz, « =0.22* RRC W-CDMA NTT DOCoMo
5.0 MHz CFILter
20 MHz MHz CFILter
Note: The 20 MHz channel filter is unavailable in sweep mode.
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Softkeys of the bandwidth menu

The BW key calls a menu for setting the resolution bandwidth (RES BW) for the receiver.

Menu / Command Command

Res BW Manual

Res BW 200 Hz

Res BW 9 kHz

Res BW 120 kHz

Res BW 1 MHz

CISPR RBW Uncoupled

Filter Type Gaussian
EMI (6dB)
Channel
RRC

Res BW Manual

The Res BW softkey activates the manual entry mode for the resolution bandwidth.

For filter type Normal (3 dB), the bandwidth can be set from 10 Hz to 20 MHz in steps of 1/3/10
(e.g. 10 Hz, 30 Hz, 100 Hz, 300 Hz, 1000 Hz/ 1 kHz, 3 kHz, 10 kHz etc.). For filter type Normal
(6 dB), the 6-dB bandwidth 200 Hz, 9 kHz, 120 kHz and 1 MHz can be set.

For numerical inputs, the values are always rounded to the nearest valid bandwidth. For rotary
knob or the Up/Down key entries, the bandwidth is adjusted in the steps mentioned above either
upwards or downwards.

For the Channel and RRC filter types, the bandwidth is selected from a list of available channel
filters, which is included above. Only the filters on the list can be selected (see List of available

channel filters).

When the quasipeak detector is switched on, a fixed bandwidth is preset depending on the
frequency. The coupling of the IF bandwidth to the frequency range with activated quasipeak
detector can be cancelled using the CISPR RBW Uncoupled softkey (see below).

The bandwidth is limited by the set receiver frequency:
Res BW < f,, /2

= Remote: BAND 1 MHz

Res BW 200 Hz

The 200 Hz softkey sets the CISPR bandwidth 200 Hz.

= Remote: BAND 200 Hz

Res BW 9 kHz

The 9 kHz softkey sets the CISPR bandwidth 9 kHz.

= Remote: BAND 9 kHz
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Res BW 120 kHz

The 120 kHz softkey sets the CISPR bandwidth 120 kHz.

= Remote: BAND 120 kHz

Res BW 1 MHz

The 1 MHz softkey sets the 6-dB bandwidth 1 MHz.

= Remote: BAND 1 MHz

CISPR RBW Uncoupled

The CISPR RBW Uncoupled softkey cancels the coupling of the IF bandwidth to the frequency
range with the activated detector.

If the coupling is cancelled, any of the three CISPR bandwidths 200 Hz, 9 kHz, 120 kHz can be
selected for a given frequency range.

= Remote: BAND: AUTO ON

Filter Type

The Filter Type softkey opens a list of available filter types. Gaussian bandpass filters of 3 dB
and 6 dB bandwidth are available as well as particularly steep-edged channel filters for power
measurements.

Gaussian

EMI (6dB)

Channel

RRC

Gaussian

The resolution bandwidths are implemented by Gaussian filters with a set 3 dB bandwidth.
These bandwidths correspond to the noise bandwidth approximately.

= Remote: BAND: TYPE NOIS
= Remote: BAND: TYPE NORM

EMI (6dB)

The resolution bandwidths are implemented by Gaussian filters with the set 6 dB bandwidth and
correspond approximately to the pulse bandwidth.

= Remote: BAND: TYPE PULS

Channel

Steep-edged channel filters (for available filter types refer to List of available channel filters).

= Remote: BAND: TYPE CFIL
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RRC

Root Raised Cosine filters (for available filter types refer to List of available channel filters).

= Remote: BAND: TYPE RRC
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Frequency Scan — SWEEP Key

The SWEEP key is used to configure the sweep mode. Continuous sweep or single sweep are
possible. The sweep time and the number of measured values are set.

To open the sweep menu
» Press the SWEEP key.

The sweep menu is displayed.

Menu and softkey description
— Softkeys of the sweep menu

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information
— Stepped scan in the frequency domain

— Display of Measurement Results

Stepped scan in the frequency domain

In the scan mode, the R&S ESL measures in a predefined frequency range with selectable step width
and measurement time for each frequency.

Either the current receiver settings or the settings defined in the Scan table are used. Up to 10
subranges which need not to be next to each other can be defined within one scan. The subranges are
then scanned by R&S ESL one after the other. Measurement ranges must not overlap. The parameters
to be measured in each subrange can be selected independently (sweep menu, scan table table).

Transducer factors and limit lines can be defined and displayed separately and are not part of the scan
data record.

The scanned frequency range is defined by the start and stop frequency set independently of the scan
table (scan table or frequency menu). A scan table can thus be defined for each measurement task,
which can be stored and reloaded. The required frequency range can be defined by means of two
parameters which can be set via keys so that no elaborate editing has to be done in the scan table.

Scanning is started with the RUN key. The scan can be performed as a single scan or continuously (set
via the Scan Control dialog box). In the case of single scan it is stopped when the stop frequency is
reached. The continuous scan can be interrupted with the Hold Scan softkey or terminated with the
Stop Scan softkey.

The maximal number of measured frequencies is limited to 1.000.000. A maximum of 6 x 1.000.000
values (1.000.000 per detector) can be stored for postprocessing. If the scan subranges are defined so
that more than the possible values would be measured, a respective message is output upon the scan
start. Afterwards the scan is performed up to the maximum value.

At least one scan is defined in the list. Two subranges are defined in the default setup. All other
parameters are shown in the following table:
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Table 4-2: Default setup of scan table

Range 1 Range 2
Start frequency 150 kHz 30 MHz
Stop frequency 30 MHz 1 GHz
Step Size Auto Auto
RES BW 9 kHz 120 kHz
Meas Time 1ms 100 ps
Auto ranging OFF OFF
RF Attne 10 dB 10 dB
Preamp OFF OFF
Auto Preamp OFF OFF

The diagram parameters to be defined are: start frequency 150 kHz, stop frequency 1 GHz, min. level
0 dBuV, grid range log 100 dB, log. frequency axis and continuous scan.

The measurement parameters correspond to the settings recommended for overview measurements to

CISPR 16.

Display of Measurement Results

To display measurement results, the screen of the R&S ESL in receiver mode is split into two areas.

B0 dBpiv

S L

20 depv

0 FB

Start 150.0 kHz

1300.5053.12

PREAMP OFF Log 100 dB

82.45 dBpV

Grid Range

21.0740000 MHz

Grid Range
Log Manual

Grid

Min Level

86.92 dBpv
4000000 MHE

Stop 100,0 MHz
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In the upper area the frequency and level readout, i.e. a bargraph, is displayed. Each bargraph is
shown in a different color. In the table just above the bargraph, the following information is displayed:

Parameter Description

Frequency Displays the receiver frequency (for details refer to the Frequency softkey)
Level Shows the current power level for the selected detectors (for details see Selecting the
Detector).

The R&S ESL expands the table after the selection of the Bargraph Maxhold. In this case, the R&S ESL
additionally displays the value for the maximum power level and the corresponding frequency.

FREQUENCY 100.0000000 MHz
PK+ -23.44 dBm (-23.2 100.000000 MHz )

In the lower area, the results of the scan measurement (preliminary or final) are shown. The R&S ESL
can measure up to 6 detectors simultaneously. They are assigned to traces 1 to 6. Since the detectors
are set only once, it is not possible to measure with different detectors in different subranges.

Softkeys of the sweep menu

Pressing the SWEEP key opens the menu to configure and start the scan.

Command

Scan Control

Edit Scan Table

Adjust Axis

Insert Range

Delete Range

10dB Min On/Off

Freq Axis Lin/Log

A scan is defined in the form of tables or it is performed using the current setting.

In the Scan table, the scan subranges are defined. Each scan range is specified by start frequency,
stop frequency, step width and the measurement parameters that are valid for this range.

The scan can be performed as a single scan or continuously (softkeys Single Scan and Continuous
Scan).

Scanning is started with the RUN key.
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Scan Control

Opens the Scan Control dialog box. In the dialog box select if the R&S ESL should run a single
or a continous scan. In case of a single scan the R&S ESL stops the measurement after exactly
one scan of the frequency range. Select also if the R&S ESL should use the current receiver
settings or if the settings of the scan table are to be used for the scan.

The default settings are Continous Scan and Use Scan table.

Scan Settings x|
f+ Continuous Scan f+ Use Scan Table
" Single Scan " Use Current Settings

= Remote: INIT2:CONT ON | OFF
= Remote: SCAN:RANG 1..10
= Remote: SCAN:RANG 0 (use current settings)

Edit Scan Table

Opens the Edit Scan Table dialog box. Set the parameters for each subrange to be scanned.

By default, two ranges are defined.

The following parameters can be set:

Scan Start

Scan Stop

Step Mode

Start

Stop
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R&S ESL

Step Size

Res BW

Meas Time

Auto Ranging

Auto Ranging

RF Attn

Preamp

Auto Preamp

Scan Start

Enter the start frequency of the scan in this field (refer also to the Start Frequency softkey of

the frequency menu.

Range is fin 10 frax. — 10 Hz

= Remote: FREQ:STAR <value>

Scan Stop

Enter the stop frequency of the scan in this field (refer also to the Stop Frequency softkey of the

frequency menu.

Range is fin 10 frax-

= Remote: FREQ:STOP <value>

Step Mode

Selects the frequency switching mode. Linear or logarithmic frequency switching can be

selected. The selected setting is valid for all scan ranges.

Lin

Linear frequency switching

Auto

Linear frequency switching.

The step width is selected automatically
depending on the set resolution bandwidth so
that all signals occurring in the scan range are
reliably detected without any significant
measurement error (about one third of resolution
bandwidth

Log

Logarithmic frequency switching.

The frequency is incremented in % of the current
frequency.

= Remote: SWE:SPAC LIN
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Start

Sets the start frequency of the subrange in focus. The start frequency of a subrange must be
equal to or greater than the stop frequency of the previous subrange.

On entering the start frequency, the preceding scan range is — if necessary — adapted
automatically to avoid overlapping of scan ranges.

= Remote: SCAN1:STAR <value>

Stop

Sets the stop frequency of the subrange in focus. The stop frequency of a subrange must be
equal to or greater than the start frequency of the subrange.

On entering the stop frequency, the preceding scan range is — if necessary — adapted
automatically to avoid overlapping of scan ranges.

= Remote. SCAN1:STOP <value>

Step Size

Sets the step size of the subrange in focus. In the case of linear frequency increments, step
widths between 1 Hz and the maximum frequency can be set. When a step size greater than the
scan range is entered (from start to stop), the R&S ESL performs a measurement each at the
start and stop frequency.

With logarithmic frequency increments, values between 0.1% and 100% can be set in steps of
0.1%.

With Step Auto selected, the step size cannot be changed because it is automatically set with
respect to the IF bandwidth.

= Remote: SCAN1:STEP <value>

Res BW

Sets the bandwidth resolution of the subrange in focus. In the case of quasipeak weighting,
usually a fixed bandwidth is set which cannot be changed (CISPR).

However, the coupling of the IF bandwidth to the frequency range can be cancelled using
softkey CISPR RBW Uncoupled in the bandwidth menu.

= Remote: SCAN1:BAND:RES <num value>

Meas Time

Sets the measurement time of the subrange in focus. The measurement time can be set
between 50 ps and 100 s separately for each subrange. In the case of quasipeak weighting, the
minimum is 10 ms. For the CISPR AV and CISPR RMS detectors the minimum measurement
time is 100 ms The measurement time can be set independently for each scan range.

= Remote: SCAN1:TIME <value>
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Auto Ranging

NOTICE

Risk of damage to the input mixer

If 0 dB RF attenuation is used with autoranging, care must be taken that the
permissible signal level at the RF input is not exceeded.

Exceeding this level would causes damage to the input mixer

The 0 dB attenuation should under no circumstances be used when RFI voltage
measurements are performed with the aid of artificial networks since very high
pulses occur during phase switching.

Define whether or not the R&S ESL should automatically set the range..

ON The R&S ESL automatically sets the input
attenuation as a function of the signal level.

OFF The input attenuation setting of the scan
table is used.

= Remote: SCAN1:INP:ATT:AUTO ON

RF Attn

Sets the RF attenuation for each subrange.

= Remote: SCAN1:INP:ATT <value>

Preamp (option RF Preamplifier, B22)

Activates or deactivates the preamplifier. The preamplifier can be switched on/off separately for
each subrange.

= Remote: SCAN1:INP:GAIN ON

Auto Preamp (option RF Preamplifier, B22)

ON The preamplifier is considered in autoranging. It is
only cut in after the attenuation has been reduced
to the minimum settable value.

OFF Auto ranging without preamplification.

= Remote: SCAN1:INP:GAIN:AUTO ON

Adjust Axis

The Adjust Axis softkey automatically sets the limits of the diagram so that the lower limit
frequency corresponds to the start frequency of range 1 and the upper limit frequency to the
stop frequency of the last range.
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Insert Range

The Insert Range softkey inserts an additional range that can be defined as described under the
Edit Scan Table softkey. A maximum number of 10 ranges can be inserted (Range 1 — 10). The
softkey is only available if the cursor is on a field inside the table.

Delete Range

The Delete Range softkey clears the activated scan range. All other ranges are shifted to the
left by one column. The softkey is only available if the cursor is on a field inside the table.

10dB Min On/Off

For details refer to the 10 dB Min On Off softkey in the amplitude menu.

Freq Axis Lin/Log

The Freq Axis Lin/Log switches between linear and logarithmic display of the frequency axis.
Default is Log.

= Remote: DISP: TRAC:X:SPAC LOG
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Triggering the Scan — TRIG Key

The TRIG key opens a menu for selection of the trigger sources and the trigger polarity. The active
trigger mode is indicated by highlighting the corresponding softkey.

To indicate that a trigger mode other than Free Run has been set, the enhancement label TRG is
displayed on the screen. If two windows are displayed, TRG appears next to the appropriate window.

To open the trigger menu
» Press the TRIG key.

The trigger menu is displayed.

Menu and softkey description
— Softkeys of the trigger menu

Softkeys of the trigger menu

Command

Trg / Gate Source

Trg / Gate Level

Trg / Gate Polarity Pos Neg

Trg /| Gate Source

The Trg / Gate softkey opens a list, in which the trigger source can be selected. The following
trigger sources are available.

Free Run

External

Video

Free Run

The Free Run radio button activates the free-run sweep mode, i.e. start of a scan is not
triggered. Once a measurement is completed, another is started immediately.

Free Run is the default setting of the R&S ESL.

= Remote: TRIG: SOUR IMM

External

The Extern radio button activates triggering via a TTL signal at the input connector Ext Trigger /
Gate on the rear panel.

= Remote: TRIG: SOUR EXT
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Video

The Video radio button activates triggering via the displayed voltage.

For the video triggering mode, a level line showing the trigger threshold is displayed. Using the
level line, the threshold can be adjusted between 0% and100% of the diagram height.

= Remote: TRIG:SOUR VID
= Remote: TRIG:LEV:VID 50 PCT

Trg | Gate Level

Opens an edit dialog box to enter the trigger / gate level.

= Remote: TRIG: LEV:EXT
= Remote: TRIG:LEV:VID 50 PCT

Trg | Gate Polarity Pos Neg

The Polarity Pos / Neg softkey selects the polarity of the trigger source.

The scan starts after a positive or negative edge of the trigger signal. The selected setting is
highlighted.

The selection is valid for all trigger modes with the exception of Free Run.
The default setting is Polarity Pos.

= Remote: TRIG:SLOP POS
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Selection and Setting of Traces — TRACE Key

The R&S ESL is capable of displaying up to six different traces at a time in a diagram. A trace consists
of a maximum of 501 pixels on the horizontal axis. If more measured values than pixels are available,
several measured values are combined in one pixel.

The traces are selected using the Select Trace softkey in the menu of the TRACE key.

The traces can individually be activated for a measurement or frozen after completion of a
measurement. Traces that are not activated are blanked.

The display mode can be selected for each trace. Traces can be overwritten in each measurement
(Clear/Write mode), or a maximum or minimum value can be determined from several measurements
and displayed (Max Hold or Min Hold).

Individual detectors can be selected for the various traces. For example, the max peak detector and min
peak detector display the maximum and minimum value of the level within a pixel. The RMS detector
displays the power (RMS value) of the measured values within a pixel, the average detector the
average value. Further details on available detectors are discussed below.

To open the trace menu
» Press the TRACE key

The trace menu is displayed. The Trace Configuration dialog box is displayed.

Menu and softkey description

— Softkeys of the trace menu

Further information

— Selection of Trace Function

— Selecting the Detector

— Selection of Detectors for Final Measurement

— ASCII File Export — file header example

Selection of Trace Function

The trace functions are subdivided as follows:

e Display mode of trace (Clear Write, View and Blank)

e Evaluation of the trace as a whole (Max Hold and Min Hold)

e Evaluation of individual pixels of a trace (Peak, Min Peak, Average, RMS, Quasipeak, CISPR AV
and CISPR RMS).
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Selecting the Detector

The following detectors are available:

The peak detector displays the highest sample values of the measured levels during the set
measurement time.

The min peak detector displays the lowest sample values of the levels measured during the set
measurement time.

The average detector displays the average level of the samples measured during the set
measurement time.

The CISPR average detector supplies a weighted average. When measuring the average according
to CISPR 16-1-1, the maximum value of the linear average during the measurement time is
displayed. The detector is used, for example, to measure pulsed sinusoidal signals with a low pulse
frequency. It is calibrated with the RMS value of an unmodulated sinusoidal signal. Averaging is
done with lowpass filters of the 2nd order (simulation of a mechanical instrument). The lowpass
time constants and the IF bandwidths are fixed depending on the frequency. The main parameters
are listed in the following table:

Band A Band B Band C/D Band E

Frequency range <150 kHz 150 kHz to 30 MHz 30 MHz to 1 GHz >1 GHz
IF bandwidth 200 Hz 9 kHz 120 kHz 1 MHz

Time constant of instrument 160 ms 160 ms 100 ms 100 ms
1 kHz

Coupling of the IF bandwidth to the frequency range with the CISPR average detector activated can
be switched off by the QP RBW Uncoupled softkey.

The RMS detector displays the root mean square (RMS) level of the samples measured. The
integration time corresponds to the set measurement time.

The CISPR RMS detector supplies a weighted average. When measuring the average according to
CISPR 16-1-1, the maximum value of the linear average during the measurement time is displayed.
The detector is used, for example, to measure pulsed sinusoidal signals with a low pulse frequency.
It is calibrated with the RMS value of an unmodulated sinusoidal signal. Averaging is done with
lowpass filters of the 2nd order (simulation of a mechanical instrument). The lowpass time
constants and the IF bandwidths are fixed depending on the frequency. The main parameters are
listed in the following table:

Band A Band B Band C/D Band E
Frequency range <150 kHz 150 kHz to 30 MHz 30 MHz to 1 GHz >1 GHz
IF bandwidth 200 Hz 9 kHz 120 kHz 1 MHz
Time constant of instrument 160 ms 160 ms 100 ms 100 ms
Corner frequency 10 Hz 100 Hz 100 Hz 1 kHz
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e The quasipeak detector displays the maximum detected value weighted to CISPR 16. Depending
on the set frequency, the R&S ESL automatically selects the detectors and IF bandwidths defined
for bands A, B and C/D listed in the following table:

Band A Band B Band C/D
Frequency range <150 kHz 150 kHz to 30 MHz >30 MHz
IF bandwidth 200 Hz 9 kHz 120 kHz
Charge time constant 45 ms 1ms 1ms
Discharge time constant 150 ms 500 ms 550 ms
Time constant of instrument 160 ms 160 ms 100 ms

For frequencies above 1 GHz, the R&S ESL uses the 120 kHz bandwidth of band C/D.

The coupling of the IF bandwidth to the frequency range with activated quasipeak detector can be
cancelled using the QP RBW Uncoupled softkey.

e The input signal of R&S ESL can be displayed weighted by four detectors simultaneously.

Multiple detection is important in EMI measurements since, for example, commercial standards specify
limits for both the quasipeak and the average value. Thanks to the multiple use of detectors, only one
test run is needed. The peak detector can be combined with any other detector since it is the fastest
detector and therefore ideal for overview measurements.

Selection of Detectors for Final Measurement

To define the detectors used in the final measurement, press the Final Meas Detector softkey in the
trace menu and select one of the available detectors.

The detectors to be used for the final measurement can be set here for each trace, i.e. any combination
of scan and final measurement is possible. The required flexibility is thus obtained for the diverse test
specifications which are covered by means of the R&S ESL.
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@ RBW 120 kHz
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Figure 4-1: Results of scan and final measurements

ASCII File Export — file header example

Table 4-3: Example: File header

File contents Description
Type; R&S ESL Instrument model
Version;1.00; Firmware version
Date;10. Nov 03 Date of data set storage
Mode;Receiver Instrument mode
Start;150000.000000;Hz Start / stop of the display range
Stop;1000000000.000000;Hz Unit: Hz
x-axis;LOG; Scaling of x-axis:linear (LIN) or logarithmic (LOG)
Detector;Average; Selected detector:
Maxpeak, Minpeak, Average, RMS, Quasipeak
Scan Count;1; Scan Count
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R&S ESL

Transducer;;

Transducer name (if switched on)

Table 4-4: Example: Data section of the file, scan

ranges

File contents

Description

Scan 1;

Settings for scan range 1

Start;150000.000000;Hz

Range 1 — start frequency in Hz

Stop;30000000.000000;Hz

Range 1 — stop frequency in Hz

Step;4000.000000;Hz

Range 1 — step size

RBW;9000.000000;Hz

Range 1 — resolution bandwidth

Meas Time;0.001000;s

Range 1 — measurement time

Auto Ranging;OFF;

Range 1 — auto ranging on or off

RF Att;10.000000;dB

Range 1 — input attenuation

Auto Preamp;OFF;

Range 1 — auto preamp on or off

Preamp;0.000000;dB

Range 1 — preamplifier on (20dB) or off (0dB)

Scan 2:

Settings for scan range 2

Start;30000000.000000;Hz

Range 2 — start frequency in Hz

Stop;1000000000.000000;Hz

Range 2 — stop frequency in Hz

Step; 50000.000000;Hz

Range 2 - step size

RBW;120000.000000;Hz

Range 2 — resolution bandwidth

Meas Time;0.000100;s

Range 2 — measurement time

Auto Ranging;OFF;

Range 2 — auto ranging on or off

RF Att;10.000000;dB

Range 2 — input attenuation

Auto Preamp;OFF;

Range 2 — Auto Preamp on or off

Preamp;0.000000;dB

Range 2 — preamplifier on (20dB) or off (0dB)

Table 4-5: Example: Data section of the file, trace

File contents

Description

Trace 1:

Selected trace

Trace Mode;CLR/WRITE

Trace mode: Clear Write, Maxhold

x-Unit;Hz;

Unit of x values: Hz for span > 0

y-Unit;dBpV

Unit of y values: dB*/V/A/W depending on the selected
unit

Values;26863;

Number of tested points

150000.000000;15.604355;
154000.000000;13.236252;
158000.000000;11.907021;

feegeeny

Measured values: <x-value>;<y-value>
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Softkeys of the trace menu
The TRACE key opens a menu offering the setting options for the selected trace.

In this menu, the mode of representing the measured data in the frequency or time domain in the
625 pixels of the display is determined. Upon start of the measurement, each trace can be displayed
either completely new or based on the previous results.

Traces can be displayed, blanked and copied.
The measurement detector for the individual display modes can be selected directly by the user.

The default setting is trace 1 in the overwrite mode (Clear Write) and detector Max Peak is selected.
The other traces are in Blank mode..

The Clear Write, Max Hold, Min Hold, View and Blank softkeys are mutually exclusive selection keys.

Menu / Command Command

Trace 123456

Trace Mode ¥ Clear Write

Max Hold

Min Hold

View

Blank

Scan Detector$ Peak

Min Peak

Average

RMS

Quasipeak

CISPR AV

CISPR RMS

Final Meas Detector® Final Peak

Final Min Peak

Final Average

Final RMS

Final Quasipeak

More $

Final CISPR AV

Final CISPR RMS

Scan Count

Peak List On Off

More #

Copy Trace

ASCII File Export

Decim Sep

1300.5053.12 4.33 E-2



Instrument Functions — Receiver R&S ESL

Trace123456

Select a specific trace with the Trace 1 2 3 4 5 6 softkey.

= Remote: -—- (selected via numeric suffix of :TRACe)

Trace Mode

Opens a submenu from which the trace mode can be selected. For details see "Trace mode
overview" on page 4.114..

The following trace modes are available:

Clear Write

Max Hold

Min Hold

View

Blank

Clear Write

Selects the Clear Write mode. For details see "Trace mode overview" on page 4.114.

= Remote: DISP: TRAC:MODE WRIT

Max Hold

Selects the Max Hold mode. For details see "Trace mode overview" on page 4.114.

= Remote: DISP: TRAC:MODE MAXH

Min Hold

Selects the Min Hold mode. For details see "Trace mode overview" on page 4.114.

= Remote: DISP: TRAC:MODE MINH

View

Selects the View mode. For details see "Trace mode overview" on page 4.114.

= Remote: DISP: TRAC:MODE VIEW

Blank

Selects the Blank mode. For details see "Trace mode overview" on page 4.114.

= Remote: DISP: TRAC OFF
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Scan Detector

Selects the detector to be used for a scan measurement. The detector can be set independently

for each trace.

The following detector types are available for scan measurements:

Peak

Min Peak

Average

RMS

Quasipeak

CISPR AV

CISPR RMS

For details on the detetcor types refer to Selecting the Detector on page 4.29

= Remote: DET POS

Peak

The Peak softkey selects the peak detector.

= Remote: DET POS

Min Peak

The Min Peak softkey selects the min peak detector.

= Remote: DET NEG

Average

The Average softkey selects the average detector.

= Remote: DET AVER

RMS

The RMS softkey selects the quasipeak detector.

= Remote: DET RMS

Quasipeak

The Quasipeak softkey selects the quasipeak detector.

The IF bandwidth is adapted as a function of the frequency range. The coupling of the IF

bandwidth to the frequency range can be cancelled using the softkey QP RBW Uncoupled.

= Remote: DET: QPE
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CISPR AV

The CISPR AV softkey selects the weighting average detector according to CISPR 16-1 for the
final measurement.

= Remote: DET:CAV

CISPR RMS

The CISPR RMS softkey selects the weighting RMS detector according to CISPR 16-1-1 for the
final measurement.

= Remote: DET : CRMS

Final Meas Detector

Selects the detector to be used in the final measurement. The detector can be selected
independently for each trace.

The following detector types are available for preliminary measurements:

Final Peak

Final Min Peak

Final Average

Final RMS

Final Quasipeak

Final CISPR AV

Final CISPR RMS

For details on the detector types refer to Selecting the Detector on page 4.29

= Remote: DET:FME POS

Final Peak

The Final Peak selects the peak detector for the final measurement.

= Remote: DET:FME POS

Final Min Peak

The Final Min Peak selects the min peak detector for the final measurement.

= Remote: DET:FME NEG

Final Average

The Final Average selects the average detector for the final measurement.

= Remote: DET:FME AVER
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Final RMS

The Final RMS selects the RMS detector for the final measurement.

= Remote: DET:FME RMS

Final Quasipeak

The Final Quasipeak selects the quasipeak detector for the final measurement.

= Remote: DET:FME QPE

Final CISPR AV

The Final CISPR AV selects the weighting average detector according to CISPR 16-1 for the
final measurement.

= Remote: DET:FME CAV

Final CISPR RMS

The Final CISPR RMS softkey selects the weighting RMS detector according to CISPR 16-1-1
for the final measurement.

= Remote: DET:FME CRMS

Scan Count

The Scan Count softkey opens an edit dialog box to enter the number of scans used in Single
Scan mode.

The allowed range of values is 0 to 30000. The default setting is 1.
= Remote: SWE:COUN 10

Peak List On Off

The Peak List On Off softkey switches on and off the indication of the peak list or of the final
measurement results in the diagram. Each peak value is indicated as a symbol (e.g. an x or a +).
The symbol in use varies from one trace to another to better distinguish the traces from one
another The assignment of symbol to trace is fixed.

Run Scan automatically switches Peak List to OFF in order to prevent the indication of
preceding final measurement results. Peak Search automatically sets Peak List to ON (see Data
Reduction and Peak List on page 4.50).

= Remote: DISP: TRAC:SYMB CROS

Copy Trace

The Copy Trace softkey copies the screen contents of the current trace into another trace
memory. The desired memory is selected by entering the number 1, 2 or 3.

Upon copying, the contents of the selected memory are overwritten and the new contents
displayed in view mode.

= Remote: TRAC:COPY TRACE1, TRACE2
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ASCII File Export

The ASCII FILE Export softkey stores the active trace in ASCII format on a memory stick.

The file consists of the header containing important scaling parameters, several data sections
containing the scan settings and a data section containing the trace data.

The data of the file header consist of three columns, each separated by a semicolon:
parameter name; numeric value; base unit

The data section for the scan ranges starts with the keyword "Scan <n>:", (<n> = number of
scan range), followed by the scan data in one or several columns which are also separated by a
semicolon.

The data section for the trace date starts with the keyword " Trace <n>" (<n> = number of
stored trace), followed by the measured data in one or several columns which are also
separated by a semicolon.

This format can be read in from spreadsheet calculation programs, e.g. MS Excel. It is
necessary to define ';' as a separator.

Note: Different language versions of evaluation programs may require a different handling of the

decimal point. It is therefore possible to select between separators "' (decimal point) and '’

(comma) using softkey Decim Sep.

= Remote: FORM ASC;
= Remote: MMEM: STOR: TRAC 1, 'TRACE.DAT'

Decim Sep

The Decim Sep softkey selects the decimal separator between '.' (decimal point) and '’
(comma) with floating-point numerals for the function ASCII File Export.

With the selection of the decimal separator different language versions of evaluation programs
(e.g. MS Excel) can be supported.

= Remote: FORM: DEXP:DSEP POIN
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Measurement Functions

In this section all menus necessary for setting measurement functions are described. This includes the
following topics and keys:

“Marker Functions — MKR Key” on page 4.40

“Change of Settings via Markers — MKR-> Key” on page 4.44
“Selection of the Measurement Function — MEAS Key” on page 4.48
“Running a Scan — RUN key" on page 4.66

"Using Limit Lines and Display Lines — LINES Key” on page 4.184
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Marker Functions — MKR Key

The markers are used for marking points on traces, reading out measurement results and for quickly
selecting a display section. The R&S ESL provides four markers per trace.

Marker Active marker Temporary marker
M1 M3 T1
v
D2

Delta marker

Fig. 4-1: Marker types

All markers can be used either as markers or delta markers. The marker that can be moved by the user
is defined in the following as the active marker. Temporary markers are used in addition to the markers
and delta markers to evaluate the measurement results. They disappear when the associated function
is deactivated..

The measurement results of the active marker (also called marker values) are displayed in the marker
field. The marker field is located at the upper right corner of the display and shows the following:

e marker type (M1 in the example)
e trace in square brackets ([1] in the example)
e level (-33.09 dBm in the example)
e marker location (3 GHz in the example)
M1[1] -33.09 dBm
3.000000000 GHz

Fig. 4-2: Marker values

The MKR key is used to select and position the absolute and relative measurement markers (markers
and delta markers). In addition, the functions for frequency counter, fixed reference point for relative
measurement markers and enlargement of the measurement area are assigned to this key.

To open the marker menu
» Press the MKR key

The marker menu is displayed. If no marker is active, marker 1 is activated and a peak search on
the trace is carried out. Otherwise, the edit dialog box for the last activated marker is opened and
the current frequency / time value is displayed.

Menu and softkey description

— Softkeys of the marker menu
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Softkeys of the marker menu

Command

Marker 1

Marker 2

Marker Norm Delta

More $

Marker 3

Marker 4

Marker to Trace

All Marker Off

Marker Zoom

Previous Zoom Range

Marker Zoom Off

Marker 1 Marker 2 Marker 3 Marker 4 Marker Norm Delta

The Marker <no> softkey selects the corresponding marker and activates it.

Marker 1 is always the reference marker for relative measurements. After they have been
switched on, Markers 2 to 4 are delta markers that refer to Marker 1. These markers can be
converted into markers with absolute value display by means of the Marker Norm Delta softkey.
If Marker 1 is the active marker, pressing the Marker Norm Delta softkey switches on an

additional delta marker.

Pressing the Marker <no> softkey again switches off the selected marker.

Example:

Press the MKR key.

On calling the menu, Marker 1 is switched on (softkey Marker 1 is highlighted) and
positioned on the maximum value of the trace. It is a normal marker and the Marker Normal

softkey is highlighted.
Press the Marker 2 softkey.

Marker 2 is switched on (softkey Marker 2 is highlighted). It is automatically defined as a
delta marker on switching on so the Delta is highlighted on softkey Marker Norm Delta. The
frequency and level of Marker 2 with reference to Marker 1 are output in the marker info field.

Press the Marker Norm Delta softkey.

The Marker Norm Delta softkey is highlighted. Marker 2 becomes a normal marker. The
frequency and level of Marker 2 are output as absolute values in the marker info field.

Press the Marker 2 softkey.

Marker 2 is switched off. Marker 1 is the active marker for entry. The frequency and level of
Marker 1 are output in the marker info field.

1300.5053.12

4.41 E-2



Instrument Functions — Receiver R&S ESL

11111l

If several traces are being displayed, the marker is set to the maximum value (peak) of the
active trace which has the lowest number (1 to 6). In case a marker is already located there, it
will be set to the frequency of the next lowest level (next peak).

A marker can only be enabled when at least one trace in the corresponding window is visible.

If a trace is turned off, the corresponding markers and marker functions are also deactivated. If
the trace is switched on again (View, Clr/Write;..), the markers along with coupled functions will
be restored to their original positions provided the markers have not been used on another trace.

Remote: CALC:MARK ON;
Remote: CALC:MARK:X <value>;
Remote: CALC:MARK:Y?

Remote: CALC:DELT ON;
Remote: CALC:DELT:MODE ABS
Remote: CALC:DELT:X <value>;
Remote: CALC:DELT:X:REL?
Remote: CALC:DELT:Y?

Marker to Trace

-

-

The MKR->Trace softkey places the marker on a new trace. The trace is selected via a data
entry field. Only those traces can be selected which are visible on the screen in the same
window.
Example:
Three traces are presented on the screen. The marker is always on Trace 1 on switching on.
Press the MKR->Trace softkey and enter the number 2’.
The marker jumps to Trace 2 but remains on the previous frequency or time.
Press the MKR->Trace softkey and enter the number ‘3’.
The marker jumps to Trace 3.

Remote: CALC:MARK1: TRAC 1
Remote: CALC:DELT: TRAC 1

All Marker Off

Pressing the All Marker Off softkey switches off all marker.

= Remote: CALC:MARK: AOFF

Marker Zoom
The Marker Zoom softkey zooms 10% of the diagram around the current marker. It opens at the
same time a data entry field which allows to enter any frequency range which is then displayed.
Pressing the softkey again expands the diagram such that only 3 measured values are
represented.

= Remote: CALC:MARK: FUNC:ZOOM <num value>
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Previous Zoom Range

The Previous Zoom Range softkey zooms to the previous frequency range.

Marker Zoom Off

The Marker Zoom Off softkey deactivates the zoom.

= Remote: DISP: TRAC:X:Z0O0OM OFF
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Change of Settings via Markers — MKR-> Key
The MKR-> menu offers functions through which instrument parameters can be changed with the aid of
the currently active marker. The functions can be used on markers and delta markers.

On opening the menu, the entry for the last active marker is activated; if no marker was enabled,
Marker 1 is activated and a peak search is performed.

To open the marker—> menu
» Press the MKR—> key.

The marker—> menu is displayed. If no marker is active, marker 1 will be activated and a peak
search on the trace carried out. Otherwise, the edit dialog box for the last activated marker is
opened and the current frequency / time value is displayed.

Menu and softkey description

— Softkeys of the marker to menu

Softkeys of the marker to menu

Menu / Command Command

Select 1234

Peak

Next Peak

Next Peak Mode <abs>

Add To Peak List

Tune to Marker

More $

Select 1234

Min

Next Min

Next Min Mode <abs>

Search Limits ¥ Left Limit

Right Limit

Threshold

Search Limit Off

Marker Track On Off

Peak Excursion

Marker to Stepsize

Settings Coupled
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Select1234

Select one of the active markers with the Select Marker softkey. An edit dialog box that shows
the position of the active marker opens. To change the position of the marker, enter another
frequency in the edit dialog box.

On entering the MKR-> menu, marker 1 is automatically switched on.

= Remote: CALC:MARK1 ON
= Remote: CALC:MARK1:X <value>
= Remote: CALC:MARK1:Y?

Peak

The Peak softkey sets the active marker or delta marker to the peak of the trace.

If no marker is active when MKR-> menu is called, Marker 1 is automatically switched on and
the peak search is performed.

= Remote: CALC :MARK : MAX
= Remote: CALC:DELT :MAX

Next Peak

The Next Peak softkey sets the active marker/delta marker to the next lower peak value on the
trace. The search direction is defined in the Next Mode submenu (see Next Peak Mode <abs>
softkey).

= Remote: CALC:MARK : MAX : NEXT
= Remote: CALC:DELT : MAX : NEXT

Next Peak Mode <abs>

The Next Peak Mode softkey sets the active marker/delta marker to the next lower peak value
to the right or left side of the current marker position on the selected trace.

= Remote: CALC:MARK:MAX:RIGH
= Remote: CALC:DELT:MAX:RIGH

Add To Peak List

The Add To Peak List softkey adds the receiver frequency of the currently active marker to the
peak list (see also section Data Reduction and Peak List).

= Remote: CALC: PEAK:ADD 23.512 MHz

Tune to Marker

The Tune To Marker softkey sets the receiver frequency to the marker frequency.

= Remote: CALC:MARK:FUNC:CENT
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Min

The Min softkey sets the active marker to the minimum value on the corresponding trace.

= Remote: CALC:MARK:MIN
= Remote: CALC:DELT:MIN

Next Min

The Next Min softkey sets the active marker/delta marker to the next higher minimum of the
selected trace. The search direction is defined in the Next Mode submenu (see below).

= Remote: CALC:MARK:MIN:NEXT
= Remote: CALC:DELT :MIN:NEXT

Next Min Mode <abs>

The Next Min Mode softkey sets the active marker/delta marker to the next higher minimum
value to the right or left of the current marker position on the corresponding trace.

Remote: CALC:MARK:MIN:LEFT
Remote: CALC:DELT :MIN:LEFT
Remote: CALC:MARK:MIN:RIGH

11 11

Remote: CALC:DELT :MIN:RIGH

Search Limits

The Search Limits softkey limits the search range for maximum or minimum search. The
softkey switches to a submenu in which the search range limits can be set in the x and y
direction.

Left Limit

Right Limit

Threshold

Search Limit Off

Left Limit Right Limit

The Left Limit and Right Limit softkeys define the two vertical lines S1 and S2 in the frequency
domain (span > 0). The search is performed between these lines in the frequency domain.

If only Left Limit is enabled, line S1 is the lower limit and the upper limit corresponds to the stop
frequency. If Right Limit is also enabled, it determines the upper limit.

= Remote: CALC:MARK:X:SLIM:LEFT 1MHz
= Remote: CALC:MARK:X:SLIM:RIGH 10MHz
= Remote: CALC:MARK:X:SLIM ON
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Threshold

The Threshold softkey defines the threshold line.

The threshold line represents a limit for the level range of the max. search at the lower end and
that of the min. search at the upper end.

= Remote: CALC: THR -20dBm
= Remote: CALC: THR ON

Search Limit Off

The Search Limit Off softkey disables all limits of the search range.

= Remote: CALC:MARK:X:SLIM OFF
= Remote: CALC:THR OFF

Marker Track On Off

This softkey automatically sets the receiver frequency to the frequency of the active marker. The
receiver frequency is updated with every change of the marker position.

= Remote: CALC:MARK1:COUP ON

Peak Excursion

The Peak Excursion softkey sets the minimum amount by which a signal level must decrease /
increase before it is recognized by the Next Peak and Next Min search functions as maximum or
minimum.

= Remote: CALC:MARK:PEXC 10 dB

Marker to Stepsize

Sets the stepsize of the marker (see Next Peak and Next Min softkeys) to the stepsize of the
receiver frequency (see Stepsize softkey).

= Remote: CALC:MARK: FUNC:CST

Settings Coupled

The Settings Coupled softkey couples the receiver frequency settings from the corresponding
subscans to the marker frequency for functions Tune To Marker and Marker Track.

= Remote: CALC:MARK:SCO ON
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Selection of the Measurement Function — MEAS Key

The MEAS key opens the menu to select basic instrument parameters like receiver frequency, detector,
measurement time and the audio demodulator.

The final measurement softkey gives access to receiver settings for test automation and to the peak list.
The test automation includes an automatic sequence of scan, data reduction and final measurements. It
also enables remote control of line impedance stabilization networks (LISN).

To open the measurement menu
» Press the MEAS key.

The measurement menu is displayed.

Menu and softkey description
— Softkeys of the measurement menu

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information

— Setting the measurement time and weighting modes

— Data Reduction and Peak List

— Data Reduction using the Subrange Maximum

— Automatic Control of Line Impedance Stabilization Networks

— ASCII file export format

Setting the measurement time and weighting modes
The measurement time can be set in the range from 50 us to 100 s with a two-digit resolution.

The measurement time is the time during which R&S ESL measures the input signal and forms a
measurement result weighted by the selected detector. The measurement time does not include settling
times of the synthesizer and the IF filter.

When the quasipeak detector is used, the minimum measurement time is 500 ys. When the CISPR
average detector is used, the useful minimum measurement time is 20 ms. With the average, RMS, AC
video, or min/max peak detector, the smallest settable measurement time depends on the bandwidth.

Bandwidth Shortest measurement time Shortest measurement time
AV, RMS PK+, PK-

200 Hz 50 ms 1ms

1 kHz 10 ms 0.1ms

9 kHz 1ms 0.1ms

100 kHz 0.1ms 0.05 ms
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Effect of measurement time with different weighting modes:

Min/Max Peak measurement:

With peak weighting selected, the maximum or minimum level during the selected measurement
time is displayed. The peak detector is reset at the beginning of each measurement. At the end of
the measurement time the maximum or minimum level occurred during the measurement time is
displayed. Since the peak detector of R&S ESL is a digital detector, discharging is irrelevant even
with long measurement times.

Unmodulated signals can be measured with the shortest possible measurement time. When pulses
are measured, the selected measurement time must be long enough for at least one pulse to occur
during the measurement time.

RMS measurement
With RMS weighting the same applies to the measurement time as with the average measurement.
Average measurement:

With average detection selected, the video voltage (envelope of IF signal) is averaged during the
measurement time. Averaging is digital, i.e. the digitized values of the video voltage are summed up
and divided by the number of samples at the end of the measurement time. This corresponds to a
filtering with a rectangular window in the time domain and a filtering with sin x/x characteristic in the
frequency domain. With unmodulated signals the shortest possible measurement time can be
selected. With modulated signals the measurement time is determined by the lowest modulation
frequency to be averaged. With pulse signals, the selected measurement time should be long
enough for sufficient number of pulses (>10) to occur in the measurement window for averaging.

CISPR average and CISPR RMS measurement:

With a CISPR average or a CISPR RMS measurement, the maximum value of the weighted signal
during the measurement time is displayed. The relatively long time constants used with CISPR
average and CISPR RMS detectors result in long measurement times in order to obtain a correct
measurement result. If unknown signals are measured, the measurement time should be at least
one second so that pulses down to a frequency of 5 Hz are correctly weighted.

After a frequency change or a modification of the attenuation, the R&S ESL waits until the lowpass
has settled before the measurement time starts. The measurement time is selected depending on
the IF bandwidth and the characteristics of the signal to be measured. Unmodulated sinusoidal
signals as well as signals with high modulation frequency can be measured within a short time.
Slowly fluctuating signals or pulse signals require longer measurement times.

Quasipeak measurement:

With quasipeak measurements, the maximum value of the weighted signal during the measurement
time is displayed. The relatively long time constants used with quasipeak detectors entail long
measurement times to obtain correct results. With unknown signals the measurement time should
be at least 1 s. This ensures correct weighting of pulses down to a pulse frequency of 5 Hz.

After internal switching, R&S ESL waits until the measurement result has stabilized before it starts
the actual measurement. Since the level does not change during a frequency scan, known signals
(e.g. broadband RFI) can be correctly measured with a much shorter measurement time.

Measurement with several detectors:

If several detectors are used simultaneously, a measurement time suiting the slowest detector
should be selected to obtain correct results for all detectors. It is therefore recommended to set a
measurement time that matches the average detector when the peak and average detectors are
used.
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Data Reduction and Peak List

EMI measurements may involve much time because the time constants prescribed by the standard for
the detector weighting require long measurement times for each value. In addition, the standards
stipulate procedures for finding local EMI maxima such as shifting the absorbing clamp, variation of the
test antenna height and rotating the DUT. Measuring with quasipeak weighting at each frequency and
for each setting of the test configuration would lead to unacceptably long measurement times. For this
reason, R&S has developed a method which reduces the time-consuming measurements with the
standard detectors like quasipeak, CISPR avergae and CISPR RMS to a minimum with an optimum
reliability of detection.

Data Reduction using the Subrange Maximum

The interference spectrum is first pre-analyzed in a fast scan to optimize the duration of the
measurement. Data reduction follows so that the time-consuming final measurement is performed at
only some important frequencies:
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Figure 4-2: Dividing the spectrum into eight subranges

Data reduction is of crucial importance. It is automatically initiated by pressing a key after the scan.
Data reduction is used to select frequencies with a very high interference level. Several data reduction
methods are used:

e Acceptance analysis, i.e. the interference spectrum is further analyzed at frequencies with levels
above a line parallel to a limit line.

e Generating subrange maxima, i.e. the interference spectrum is further analyzed at frequencies with
the highest interference level of a frequency subrange (search method Subranges).

o Determination of a specific number of peak values relative to the limit lines with the level values
being independent of their frequency spectral distribution (search method Peaks).

For generation of subrange maxima, the whole frequency range is divided into equidistant subranges. A
subrange maximum is determined for each subrange (search method Subranges).
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Determining the level maxima irrespective of their distribution in the frequency spectrum (search mode
Peaks) is suitable for measurement regulations that demand determination of the relatively highest level
irrespective of the distribution in the measured frequency range, e.g. FCC.

If the scan is performed in parallel with several detectors, typically with peak value and average value,
the maxima are determined separately for the two detectors so that the distribution of narrowband and
wideband sources of interference can be taken into account. For example, the frequency of the
maximum determined with the average detector can be used for the final measurement performed with
this detector and the frequency found in the scan carried out with the peak detector is taken for the final
measurement using the quasipeak detector.

Consideration of the limit lines ensures that the final measurement is not performed at frequencies at
which the inference level is far below the limit value. The margin between the acceptance line and the
limit line can be selected by the user in dB as the Margin. Each limit line is allocated to a trace, i.e.
different limit lines are taken for the different detectors.

Two values should therefore be defined for this purpose:

e the number of subranges or highest level values (No Of Peaks in the range from 1 to 500; default
value: 25)

o the acceptance margin (Margin; default value: 6 dB). It is valid for all limit lines.

As an alternative method, it is possible to preset a list of frequencies at which the final measurements
are performed. A typical application is, for example, the statistical analysis of several units.

The peak list can be either edited manually or can be filled with desired values by adopting the marker
values.

If no limit lines are activated, the measurement procedure is as if all measured values would exceed the
limit line.

Automatic Control of Line Impedance Stabilization Networks

The selected phases are controlled during the scan and the final measurement via the Userport with the
LISN switched on.

Only one phase (1 out of n) can be selected for the scan. Any number of settings can be selected for
the final measurement (m out of n).

All selected phase combinations are measured during the final measurement and the maximum value is
determined.

The selection of the V-Networks to be used in the Scan Phases and the Final Phases is done via the
Test Automation dialog box.

Settings made in the Prescan Phases menu are immediately output at the user port. This way, the
menu can be used to remote control the LISN during manual measurements.

For automatic phase selection with the LISN, the R&S ESL user interface and the LISN have to be
connected via a control line.

1300.5053.12 4.51 E-2



Instrument Functions — Receiver

R&S ESL

ASCII file export format

Table 4-6: Receiver mode, final measurement data — file header

Content of file

Description

Type;R&S ESL;

Instrument model

Version;1.82;

Firmware version

Date;03.Mar 2008

Date record storage date

Mode;Receiver

Instrument operating mode

Start;10000;Hz
Stop;100000;Hz

Start/stop of the display range
Unit: Hz

x-axis;LIN;

Scaling of x-axis linear (LIN) or logarithmic (LOG)

Scan Count;1;

Number of scans set

Transducer;TRD1;

Transducer name (if switched on)

Scan 1

Loop over all defined scan ranges (1-10)

Start;150000;Hz

Range — start frequency in Hz

Stop;1000000;Hz

Range — stop frequency in Hz

Step;4000;Hz

Range — step size in Hz for linear step size or in % (1-100) for
logarithmic step size

RBW;100000;Hz

Range — resolution bandwidth

Meas Time;0.01;s

Range — measurement time

Auto Ranging;ON;

Auto ranging on or off for current range

RF Att;20;dB

Range — input attenuation

Auto Preamp;OFF;

Auto preamp on or off for current range

Preamp;0;dB

Range — preamplifier on (20dB) or off (0dB)

Table 4-7: Receiver mode, final measurement data — data section of the file

Content of file

Description

Trace 1 Final:

Selected Trace

Trace Mode;Clr/Write

Trace mode: Clr/Write, Average, Max Hold, Min Hold, View, Blank

Final Detector;Quasipeak

Video

Final detector: Max Peak, Min Peak, RMS, Average, Quasipeak, AC

x-unit;Hz;

y-unit;dBuV;

Final Meas Time;1.000000;s

Margin;6.000000;s

Values;8;

1;158000.000000;86.563789;7.563789;N;GND
2;1018000.000000;58.689873;-1.310127;GND

2;154000.000000;81.638535;15.638535;N;GND Measured values:

<trace>;<x-value>;<y-value>;<phase>;<ground>

Phase and protective grounding are output only if a line impedance
stabilization has been active. They specify the setting at which the
maximum RFI level at the associated frequency was found.
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Example for exported final measurement data

Type; R&S ESL;

Version;1.82;

Date;03.Mar 08;

Mode;Receiver;

Start;150000.000000;Hz
Stop;30000000.000000;Hz

x-Axis;LOG;

Scan Count;1;

Transducer;;

Scan 1:

Start;150000.000000;Hz
Stop;30000000.000000;Hz

Step;4000.000000;Hz

RBW;9000.000000;Hz

Meas Time;0.001000;s

Auto Ranging;OFF;

RF Att;10.000000;dB

Auto Preamp;OFF;

Preamp;0.000000;dB

TRACE 1 FINAL:

Trace Mode;CLR/WRITE;

Final Detector;MAX PEAK;

TRACE 2 FINAL:

Trace Mode;CLR/WRITE;

Final Detector;AVERAGE;

x-Unit;Hz;

y-Unit;dBuV;

Final Meas Time;1.000000;s

Margin;6.000000;dB

Values;11;
2;154000.000000;81.638535;15.638535;N;GND
1;158000.000000;86.563789;7.563789;N;GND
2:;1018000.000000;58.689873;-1.310127;N;GND
2:302000.000000;63.177345;-2.822655;L.1;GND
2:3294000.000000;56.523022;-3.476978;N;GND
2:1122000.000000;53.849747;-6.150253;N;GND
2;10002000.000000;47.551216;-12.448784;N;GND
1;3390000.000000;59.762917;-13.237083;N;GND
1;9998000.000000;58.309189;-14.690811;L1;GND
2;20002000.000000;45.142456;-14.857544;L.1;GND
2;7502000.000000;36.406967;-23.593033;L1;GND
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R&S ESL

Softkeys of the measurement menu

Softkeys in the measurement menu:

Menu / Command

Menu / Command

Menu / Command

Command

Receiver Frequency

Add to Peak List

Bargraph Detector

Max Peak

Min Peak

Average

RMS

Quasipeak

CISPR Average

CISPR RMS

Meas Time

Demod &

Demod On Off

AM FM

Squelch

Volume

Final Meas Settings #

Test Automation

Peak Search

Edit Peak List

Run Final Meas

Hold Final Meas %

Automatic Final

Interactive Final

Skip Frequency

Get Maxhold

Measure

Stop Final Meas

Stop Final Meas

Peak List Export

Decim Sep

Continous Bargraph

Single Bargraph

Bargraph Maxhold

Bargraph Reset
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Receiver Frequency

For details refer to the Receiver Frequency softkey in the frequency menu.

Add to Peak List

The Add To Peak List softkey adds the current receiver frequency to the peak list (see also
section Data Reduction and Peak List).

= Remote: CALC: PEAK:ADD 23.512 MHz

Bargraph Detector

Opens the detector submenu to select the detector for the bargraph. The menu contains the
following softkeys:.

Peak

Min Peak

Average

RMS

Quasipeak

CISPR Average

CISPR RMS

For further details on detectors refer to Selecting the Detector.

Max Peak

The Peak softkey selects the peak detector for the bargraph measurement. For details on the
peak detector refer to Selecting the Detector.

= Remote: DET:REC POS

Min Peak

The Min Peak softkey selects the peak detector for the bargraph measurement. For details on
the min peak detector refer to Selecting the Detector.

= Remote: DET:REC NEG

Average

The Peak softkey selects the peak detector for the bargraph measurement. For details on the
average detector refer to Selecting the Detector.

= Remote: DET:REC AVER
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RMS

The RMS softkey selects the peak detector for the bargraph measurement. For details on the
RMS detector refer to Selecting the Detector.

= Remote: DET:REC RMS

Quasipeak

The Quasipeak softkey selects the peak detector for the bargraph measurement. For details on
the quasipeak detector refer to Selecting the Detector.

= Remote: DET:REC QPE

CISPR Average

The CISPR Average softkey activates the weighting average detector according to CISPR 16-1.
The IF bandwidth is automatically set to the required value according to the receiving frequency.
This coupling can be cancelled by the softkey QP RBW Uncoupled.

= Remote: DET:REC CAV

CISPR RMS

The CISPR RMS softkey activates the weighting RMS detector according to CISPR 16-1. The IF
bandwidth is automatically set to the required value according to the receiving frequency. This
coupling can be cancelled by the QP RBW Uncoupled softkey.

= Remote: DET:REC CRMS

Meas Time

For details refer to the Meas Time softkey of the sweep menu.

Demod

The R&S ESL provides demodulators for AM and FM signals. With these demodulators
selected, a displayed signal can be monitored using headphones.

The Demod softkey calls a submenu in which the desired type of demodulation can be switched
on.

Command

Demod On Off

AM FM

Squelch

Volume

A squelch function enables the input of a level threshold below which the audible AF is cut off.
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Demod On Off

The Demod On/Off softkey switches demodulation on/off.

= Remote: DEM OFF (DEModulation ON automatically switched on with DEM aM | FM)

AM FM

The AM and FM softkeys can be activated one at a time. They are used to set the desired
demodulation type, FM or AM.

= Remote: DEM AM | FM

Squelch

The Squelch softkey enables the input of a level threshold below which the audible AF is cut off.
The squelch function is associated with the internal trigger function (trigger menu), which will be
switched on automatically with the squelch. Squelch level and trigger level do have the same
value.

The softkey can take on three states:

Gray The squelch function is deactivated.

Green The squelch function is activated.

Red An edit dialog box to enter the level threshold opens
The default setting for the squelch is off.

= Remote: SENS:DEM:SQU ON | OFF
= Remote: SENS:DEM:SQU:LEV 80 PCT

Volume

The Volume softkey sets the volume for headphones. The volume can be set between 1 and
100. 1 is the lowest volume and 100 the loudest.

Default value is 1.

= Remote: SYST:SPE:VOL 0.7
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Final Meas Settings

Opens a submenu to modify settings concerning the final measurement. The following softkeys

are avilable:

Test Automation

Peak Search

Edit Peak List

Run Final Meas ¥

Hold Final Meas %

Automatic Final

Interactive Final

Skip Frequency

Get Maxhold

Measure

Stop Final Meas

Stop Final Meas

Peak List Export

Decim Sep

Test Automation

The Test Automation softkey opens the Test Automation dialog box. The dialog box contains

two tabs, one to modify the Final Meas Settings and one to set the LISN Settings (line

impedance stabilization networks).
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Final Meas Settings

In the Final Measurement Settings tab, parameters regarding the peak search can be modified
as well as Final Test Settings:

Test Automation x|

[Final Meas Settings’ || LIsN settings |

—Peak Search Settings

= Peaks Margin: Iﬁ.l] db
" Subranges Peak Excursion: Iﬁ.l] dB

Mo of Peaks: |25
Peaks/Subrange: I

—Final Test Settings

Final Meas Time: |1.0 s & Automatic Measurement

[~ Peak Search after Prescan » TEREHE b B

[” Run Final Test after Prescan

Peak Search Run Final Test

The R&S ESL offers two methods to determine peak values of a scan.

The Peaks search determines a specific number of peak values relative to the limit lines Set the
number of peaks to be determined in the Peaks field.

The Subranges search analyzes the peaks of each subrange. Instead of the No of Peaks field,
two new fields are shown in the dialog box. The number of subranges to be analyzed can be set
in the No of Subranges field. The Peaks / Subrange field determines the number of peaks for
each subrange.

Specify the acceptance threshold for the generation of the peak list in the Margin field. The
R&S ESL shifts the currently used limit line by this amount.

The value range is -200 dB to 200 dB.

For details on the Peak Excursion field refer to the Peak Excursion softkey of the marker to
menu.

For further information on the peak search refer to Data Reduction using the Subrange
Maximum.

= Remote: CALC: PEAK:SUBR 5
= Remote: CALC:PEAK:SUBR:PCO 5
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Final Test Settings

The final test settings control the actions of the R&S ESL regarding the final measurement.

Set the dwell time of the final measurement in the Final Meas Time field. The value range is
from 50 ps to 100 s.

The Peak Search after Prescan check box initiates a peak search after the scan.

The Run Final Test after Prescan check box initiates a final measurement after the scan. This
includes a peak search.

Select whether the final measurement runs automatically or in interactive mode.

Select the Automatic radio button to select the automatic routine of the final measurement. The
R&S ESL automatically runs the final measurement according to the preliminary peak list. No
user interaction is possible.

To adjust settings during the final measurement, activate the Interactive radio button. The
following measurement sequence is now available:

— The R&S ESL adjusts to the first frequency in the peak list. The receiver settings are the same
as in the preliminary scan.

— The R&S ESL sets the marker on the frequency in the scan diagram.
— The R&S ESL interrupts the final measurement.
— To analyze the signal in detail, modify the receiver settings as desired.

— After continuing the final measurement, the current frequency replaces the preliminary one in
the peak list (drifting interference sources).

— The R&S ESL proceeds with the next frequency in the list.

Note: A switch to the automatic final measurement is always possible while in Interactive mode. The
R&S ESL then continues the final measurement according to the routine of the automatic
measurement.

The Peak Search can be started with the Peak Search button, the final measurement is started
with the Run Final Meas button.

= Remote: FME:AUTO ON | OFF
= Remote: FME: TIME 100 us
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LISN Settings

Activate or deactivate the usage of a V-network in the measurement. Also, set the parameters of
the network in this tab. For details on the networks refer to Automatic Control of Line Impedance
Stabilization Networks

Test Automation x|
Final Meas Settings | LISN Settings |
—LISN Settings

Settings: ENYZ16 - [ 150 kHz Highpass
Prescan Phases - Final Phases

¢ Phase N " Phase M

@ Phase L1 ¥ Phase L1

Peak Search I Run Final Test

From the dropdown menu, select one of the following networks:

ESH2-Z5 Four-line V-network is controlled

ESH3-Z5 Two-line V-network is controlled

ENV 4200 Four-line V-network is controlled

ENV 216 Two-line V-network is controlled

= Remote: INP:LISN ESH37Z5| ESH22z5| ENV4200 | ENV216 | OFF

Additionally, select the Prescan Phases and Final Phases for the selection of phase and
protective earth settings. The availability of the phases depend on the selected network.

Prescan Phases Softkeys ESH2-25, ESH3-25, ENV 4200, ENV 216 and OFF

or Phase N, Phase L1, Phase L2 and Phase L3 as well as PE
Grounded and PE Floating are toggle keys. Only one of them
can be activated at a time.

Final Phases All combinations of phases and PE settings are possible.
Phase N RFI on phase N is measured
Phase L1 RFI on phase L1 is measured

Phase L2 RFI on phase L2 is measured (only for ESH2-Z5/ENV 4200)

Phase L3 RFI on phase L3 is measured (only for ESH2-Z5/ENV 4200)

= Remote: INP:LISN:PHAS L1 | L2 | L3 | N

For the ENV216 network a 150 kHz highpass filter is available. Activate the filter by activating
the corresponding check box.

= Remote: INP:LISN:FILT:HPAS ON
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Peak Search

The Peak Search softkey starts a peak search of the scan. Additionally the R&S ESL generates
a peak list of the current scan. Repeat the procedure to try out different settings of margin and
number of subranges.

For details on the peak list, refer to Edit Peak List.

= Remote: CALC: PEAK

Edit Peak List

The Edit Peak List softkey opens the Edit Peak List dialog box.

Edit Peak List (Prescan Results) x|
Tracel: Assigned Limit Line Trace?2: LimitLine not assigned
Trace/Detector |Frequency / Level dBp¥Y DeltaLimit B
1 Pos. Peak 170.1200 MHz 86.69 -1.30 dB
1 Pos. Peak 190.1600 MHz 86.79 -1.32 dB
1 Pos. Peak 210.2400 MHz 86.75 -1.48 dB
1 Pos. Peak 250.3200 MHz 86.80 -1.63 dB
1 Pos. Peak 350.5600 MHz 86.76 -2.05 dB
1 Pos. Peak 370.6000 MHz 86.65 -2.22 dB
1 Pos. Peak 470.7600 MHz 86.76 -2.38 dB
1 Pos. Peak 490.7200 MHz 86.68 -2.51 dB
1 Pos. Peak 530.7600 MHz 86.71 -2.57 dB
1 Pos. Peak 570.9600 MHz 86.82 -2.54 dB
1 Pos. Peak 651.0400 MHz 86.67 -2.84 dB
1 Pos. Peak 691.0800 MHz 86.67 -2.91 dB
1 Pos. Peak 791.4400 MHz 86.76 -2.97 dB b
1 Pos. Peak 811.4000 MHz 86.79 -2.97 dB
1 Pos. Peak 891.5600 MHz 86.73 -3.14 dB LI

Insert Frequency Delete Frequency Sort by Delta Limit |

The dialog box contains the following items:
— Status Line

The status line displays the name of the assigned limit lines. A limit line can be assigned to

each trace. If more than two traces are in use, the field size is adjusted accordingly. If no limit

line is assigned to a trace, the text 'LimitLine not assigned' is displayed next to the trace
number.

— Trace / Detector
Displays the trace number and the corresponding detector.

— Frequency

Shows the frequency of the measured peaks. To add a new frequency to the peak list, use the

Insert Frequency button. To remove a frequency from the list, use the Delete Frequency
button. The frequencies are displayed in ascending order.

— Level

Shows the power levels of the measured peaks. The unit depends on the current settings (see

Unit softkey)
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— DeltaLimit

Shows the difference of the measured value and the value of the limit line. Values which
passed the test have a negative sign. Values which did not pass the test have a positive sign.

The R&S ESL considers margins in this calculation (see Margin field in the Test Automation
dialog box). To sort the list by DeltaLimit instead of frequency, use the Sort by Delta Limit
button.

Run Final Meas

The Run Final Meas softkey starts the final measurement sequence. Refer to Data Reduction
and Peak List for details on the final measurment sequence.

= Remote: INIT:FME
Additionally, the final measurement submenu opens. It contains the following softkeys:

Hold Final Meas

Stop Final Meas

In Interactive mode the R&S ESL directly opens the Hold Final Meas submenu, containing the
following softkeys.

Automatic Final

Interactive Final

Skip Frequency

Get Maxhold

Measure

Stop Final Meas

Hold Final Meas

To modify the receiver settings during the final measurement, use the Hold Final Meas softkey.
The measurement is interrupted for now, and the settings can be adjusted.

To resume the final measurement, use the Measure softkey.

= Remote: HOLD
The Hold Final Meas submenu contains the following softkeys:

Automatic Final

Interactive Final

Skip Frequency

Get Maxhold

Measure

Stop Final Meas
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Automatic Final

Select Automatic Final to select the automatic routine of the final measurement. The R&S ESL
automatically runs the final measurement according to the preliminary peak list. No user
interaction is possible.

= Remote: FME : AUTO ON

Interactive Final

To adjust settings during the final measurement, activate the Interactive radio button. The
following measurement sequence is now available:

— The R&S ESL adjusts to the first frequency in the peak list. The receiver settings are the same
as in the preliminary scan.

— The R&S ESL sets the marker on the frequency in the scan diagram.
— The R&S ESL interrupts the final measurement.
— To analyze the signal in detail, modify the receiver settings as desired.

— After continuing the final measurement, the current frequency replaces the preliminary one in
the peak list (drifting interference sources).

— The R&S ESL proceeds with the next frequency in the list.

Note: A switch to the automatic final measurement is always possible while in Interactive mode. The
R&S ESL then continues the final measurement according to the routine of the automatic
measurement.

= Remote: FME : AUTO OFF

Skip Frequency

Skip a frequency of the peak list during final measurement with the Skip Frequency softkey.
The softkey is only available in interactive measurement mode.

= Remote: -

Get Maxhold

Accepts the highest level measured during the Hold Scan state as the result of the final
measurement and continues the scan (the level value in question is displayed as a small bar in
the bargraph).

The softkey is only available in interactive measurement mode.

= Remote: -

Measure

To resume the final measurement in interactive mode, press the Measure softkey (see Test
Automation dialog box). The R&S ESL resumes the measurement with the next frequency of
the peak list.

= Remote: INIT:FME
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Stop Final Meas

The Stop Final Meas softkey stops the final measurement. All data of the previous measurement
is lost. Upon restart, the final measurement again starts at the first frequency of the peak list.

The R&S ESL automatically displays the peak list after the abortion of the measurement. See
Edit Peak List on how to edit the peak list.

= Remote: ABOR

Peak List Export

The Peak List Export softkey exports the peak list in the ASCii format. For details on the file
export refer to ASCII file export format.

= Remote: FORM ASC;
= Remote: MMEM: STOR:FIN 1, 'FINAL.DAT'

Decim Sep

For details refer to the Decim Sep softkey in the trace menu.

Continous Bargraph

The Continuous Bargraph softkey activates the continuous measuremeant of the power level
of the specified receiver frequency.

= Remote: INIT:CONT ON

Single Bargraph

The Single Bargraph softkey activates a single measurement of the power level of the specified receiver
frequency.

= Remote: INIT:CONT OFF

Bargraph Maxhold

The Bargraph Maxhold softkey activates the maxhold function. A marker in the bargraph display
(shown as a small bar) indicates the maximum power level of the measurement.

The bargraph table is expanded accordingly (see Display of Measurement Results)

= Remote: DISP:BARG:PHOL ON

Bargraph Reset

The Bargraph Reset softkey resets the bargraph maxhold marker and results. The softkey is
only available if Bargraph Maxhold is activated.

= Remote: DISP:BARG:PHOL:RES
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Running a Scan — RUN key

The RUN key is used to start a scan.

At the beginning of the scan, the R&S ESL sets up the diagram as specified in the scan table and starts
the scan in the selected mode (Single or Continuous). With Single selected, the R&S ESL performs a
single scan and stops at the end frequency. With Continuous selected, the scan is performed
continuously until it is deliberately stopped.

The measurement can be interrupted with Hold Scan or stopped with Stop Scan. The two softkeys are
displayed instead of the menu shown before the scan is started.

Remote: : INIT2

To start the Scan
» Press the RUN key

The Scan starts automatically.

Menu and softkey description
— Softkeys of the run menu

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Softkeys of the run menu

The following table shows all softkeys available in the run menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

Menu / Command Command

Hold Scan¥ Continue at Rec Frequency

Continue at Hold

Stop Scan

Stop Scan¥ Back to the menu menu

Hold Scan

The Hold Scan softkey interrupts the automatic run of the preliminary measurement.

The scan stops at the frequency at which it was interrupted until it is continued with the
Continue at Rec Frequency or Continue at Hold softkeys.

With the scan interrupted, all receiver settings can be modified, e.g. to analyse the recorded
trace.

Continue at Rec Frequency

Continue at Hold

= Remote: HOLD
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Continue at Rec Frequency

With the Cont At Rec Freq softkey the scan is continued at the current receiver frequency when
the receiver frequency is lower than the frequency at which the scan was interrupted. Otherwise
the scan continues at the frequency at which it was interrupted.

The scan is always continued with the settings in the scan table.

= Remote: INIT2

Continue at Hold

With the Cont At Hold softkey the scan is continued where it was interrupted. The scan is
always continued with the settings in the scan table.

= Remote: INIT2

Stop Scan

The Stop Scan softkey stops the scan. Upon restart, scanning starts at the beginning. The
results of the performed measurements are lost.

= Remote: ABOR
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Using Limit Lines and Display Lines — LINES Key

The LINES key is used to configure limit and display lines.

To open the lines menu
» Press the LINES key.

The lines menu and the Select Limit Line dialog box are displayed. For details on the Select Limit
Line dialog box refer to "To select a limit line" on page 4.185.

Menu and softkey description
"Softkeys of the lines menu" on page 4.190

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information
"Display Lines" on page 4.188
"Limit Lines" on page 4.189

Task

— To work with display lines

— To select a limit line

— To create a new limit line

— To edit an existing limit line

— To create a new limit line based upon an existing limit line

— To activate/deactivate a limit line

To work with display lines

Initial situation: The line is switched on (softkey with highlighted background) or off (softkey without
highlighted background), for example the Display Line 1.

1. Press the Display Lines softkey.
2. Press the Display Line 1 softkey for the first time.

An edit dialog box is opened to enter the position of the display line (by rotary knob, step keys or
numerical entry). If the line was switched off, it is switched on. If it was switched on, it remains
switched on.

3. If another softkey is pressed, the edit dialog box for the Display Line 1 softkey is closed, but the
line remains switched on (softkey with highlighted background).

4. Press the Display Line 1 softkey for the second time.
The edit dialog box for the display line will be opened again.
5. Press the Display Line 1 softkey again.
The line is switched off (softkey without highlighted background).
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To select a limit line

1. To display the Select Limit Line dialog box, press the LINES key or go to the main limit line menu.

Select Limit Line #
q 1
Compatible| = !
yes i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
vII
_______________________________________________________________ =
Yiew Filter: Show Directory Hide Directory |
i~ Show compatible * Show all
Comment: Test
Offset: ¥:|0.00 Hz ¥:|0.00 dB

All limit lines, saved in the default directory, and all subdirectories are displayed. For each limit line,
the following information is given:

Unit unit of the y—axis
Traces selected traces to check
Show limit line displayed in the measurement diagram or hidden

Compatible  compatibility of the limit line to the current measurement settings

2. Todisplay only the limit lines that are compatible, activate the Show compatible option. For details
on compatibility refer to "Limit Lines" on page 4.189.

3. To navigate into a subdirectory, use the Show Directory and Hide Directory buttons.
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To create a new limit line
1. Press the New softkey to define a new limit line.

The Edit Limit Line dialog box is displayed. For more details on limit lines refer also to "Limit Lines"
on page 4.189.

2. Press the Edit Name softkey and enter a name, if you want to save the limit line in the main
directory. To save the limit line in an existing subdirectory, enter the relative path. A new
subdirectory can only be created using the FILE key (for details refer to section "Instrument
Functions — Basic Settings", "Saving and Recalling Settings Files — FILE Key".

3. To change the span setting, set the focus in the X—Axis field and change the unit via the rotary
knob: Hz for span > 0 Hz or s for zero span.

4. To change between absolute and relative scale mode for the x—axis, set the focus on the abs or rel
option next to the X—Axis field and press the CHECKMARK key. Relative scaling is always
suitable, if masks for bursts are to be defined in zero span, or if masks for modulated signals are
required for span > 0 Hz.

absolute:  The frequencies are interpreted as absolute physical units.

relative: In the data point table, the frequencies are referred to the currently set center

frequency.

5. To change the scaling of the y—axis, set the focus in the Y-Axis field and change the unit using the
rotary knob.

6. To change between absolute and relative units for the y—axis, set the focus on the abs or rel option
next to the Y—Axis field and press the CHECKMARK key.

absolute:  The limit values refer to absolute levels or voltages.

relative: The limit values refer to the reference level (Ref Level). Limit values with the unit dB

are always relative values.

7. To define the limit line as upper or lower limit line, set the focus on the Upper or Lower option and
press the CHECKMARK key.

8. To change between linear or logarithmic scale of the x—axis, set the focus on the lin or log option
and press the CHECKMARK key.

9. If the scaling of the y—axis is relative, you can define an absolute threshold value that works as a
lower limit for the relative limit values (see figure below). Set the focus in the Threshold field and
enter a value.

The function is especially useful for mobile radio applications provided the limit values are defined
in relation to the carrier power as long as they are above an absolute limit value.

RBW 300 Hz Marker [T1]
VBW 3 kHz -28.4 dBm
Ref -20 dBm Att 10 dB SWT 100 ms 200.0100 MHz
000000,
e resulting limit
.. /
.
.
.
3 absolute threshold

N

00000000000 000000,,

DOOCKXX XXX

relative limit line

Center 200 MHz 10 kHz/ Span 100 kHz
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10.

11.

12.

13.

14.
15.

16.

17.

To define a signal-level distance to the limit line, press the Edit Margin softkey and enter a value.

If the limit line is defined as an upper limit, the margin means that the level is below the limit line. If
the limit line is defined as a lower limit, the margin means that the level is above the limit line.

To enter a comment, press the Edit Comment and enter a comment, e.g. a description of the
application.

To enter a new data point:

— Press the Insert Value Above softkey.

— Enter the new x and y value in the successive displayed edit dialog boxes.

To change a data point:

— Set the focus on the x and y value to be changed and press the Value softkey.

— Enter the new x or y value in the displayed edit dialog box.

To delete a data point, select the corresponding entry and press the Delete Value softkey.

To shift the complete limit line parallel in the horizontal direction, select the Shift x button and enter
a x shift value.

To shift the complete limit line parallel in the vertical direction, select the Shift y button and and
enter an y shift value.

Press the Save Limit Line softkey.

If an existing name is used, a message box is displayed. You have to confirm before the limit line is
overwritten.

To edit an existing limit line

1.

In the Select Limit Line dialog box, select the limit line you want to alter. For details see also "To
select a limit line" on page 4.185.

Press the Edit softkey.
Edit the data as described in "To select a limit line" on page 4.185.

Save the limit line (Save Limit Line softkey).

To create a new limit line based upon an existing limit line

1.

In the Select Limit Line dialog box, select the limit line you want to use as a basis for a new limit
line. For details see also "To select a limit line" on page 4.185.

Press the Copy to softkey to transfer the data of the limit line into the Edit Limit Line dialog box.
Press the Edit Name softkey and enter a new name.

To shift the complete limit line parallel in the horizontal direction, select the Shift x button and enter
an x shift value. In this manner, a new limit line can be easily generated based upon an existing
limit line which has been shifted horizontally.

To shift the complete limit line parallel in the vertical direction, select the Shift y button and enter a
y shift value. In this manner, a new limit line can be easily generated based upon an existing limit
line which has been shifted in Y direction

If required, edit the data as described in "To select a limit line" on page 4.185.

Save the limit line (Save Limit Line softkey).
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To activate/deactivate a limit line
Prerequisites:

e The x— and y-units of limit line and current measurement setting have to be compatible. For details
refer to "Limit Lines" on page 4.189.

e The limit line has to consist of 2 or more data points.

1. Inthe Select Limit Line dialog box, select the limit line you want to activate/deactivate. For details
see also "To select a limit line" on page 4.185.

2. To activate or deactivate a limit line for a trace, press the Select Traces to check softkey and
select or deselect the trace(s) to which this limit line applies.

3. To deactivate the limit line for all traces, press the Deselect All softkey.

Display Lines

Display lines help to evaluate a trace — as do markers. The function of a display line is comparable to
that of a ruler that can be shifted on the trace in order to mark absolute values. They are exclusively
used to optically mark relevant frequencies or points in time (span = 0) as well as constant level values.
It is not possible to check automatically whether the points are below or above the marked level values.

The softkeys for setting and switching the display lines on/off work like triple switches. For details see
"To work with display lines" on page 4.184.

Two different types of display lines are provided:

e Two horizontal level lines for marking levels — Display Line 1 and 2

The level lines are continuous horizontal lines across the entire width of a diagram and can be
shifted in y direction.

e Two vertical frequency lines for marking frequencies — Frequency Line 1 and 2
The frequency or time lines are continuous vertical lines across the entire height of the diagram and
can be shifted in x direction.

Each line is identified by one of the following abbreviations:

e D1: Display Line 1

e D2:Display Line 2

e F1: Frequency Line 1

e F2: Frequency Line 2

Limit Lines

Limit lines are used to define amplitude curves or spectral distribution boundaries on the display screen
which are not to be exceeded. They indicate, for example, the upper limits for interference radiation or
spurious waves which are allowed from a device under test (DUT). For transmission of information in
TDMA systems (e.g. GSM), the amplitude of the bursts in a timeslot must adhere to a curve that falls
within a specified tolerance band. The lower and upper limits may each be specified by a limit line.
Then, the amplitude curve can be controlled either visually or automatically for any violations of the
upper or lower limits (GO/NOGO test).

The instrument supports limit lines with a maximum of 50 data points. 8 of the limit lines stored in the
instrument can be activated simultaneously. The number of limit lines stored in the instrument is only
limited by the capacity of the flash disk used. For details see also "To select a limit line" on page 4.185.
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Limit lines are compatible with the current measurement settings, if the following applies:
e The x unit of the limit line has to be identical to the current setting.

e The y unit of the limit line has to be identical to the current setting with the exception of dB based
units; all dB based units are compatible with each other.

At the time of entry, the R&S ESL immediately checks that all limit lines are in accordance with the
following guidelines:

e The frequencies/times for each data point must be entered in ascending order, however, for any
single frequency/time, two data points may be entered (vertical segment of a limit line).

e The data points are allocated in order of ascending frequency/time. Gaps are not allowed. If gaps
are desired, two separate limit lines must be defined and then both enabled.

e The entered frequencies/times need not necessarily be selectable in R&S ESL. A limit line may also
exceed the specified frequency or time range. The minimum frequency for a data point is —200
GHz, the maximum frequency is 200 GHz. For the time range representation, negative times may
also be entered. The allowed range is —1000 s to +1000 s.

Softkeys of the lines menu

The following table shows all softkeys available in the lines menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

Menu / Command Command
Select Traces to check
Deselect All
New & Edit Name
Edit Comment
Edit Margin
Value
Insert Value Above
Delete Value
Save Limit Line
Edit ¥ same contents as
New Limit Line menu
Copyto ¥ same contents as
New Limit Line menu
Delete
Display Lines # Display Line 1
Display Line 2
Frequency Line 1
Frequency Line 2
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Select Traces to check

Opens the Select Traces to Check dialog box to activate the selected limit line for a trace. One
limit line can be activated for several traces simultaneously. For details see also "To
activate/deactivate a limit line" on page 4.188 .

= Remote: CALC:LIM2:TRAC 3
= Remote: CALC:LIM:STAT ON

Deselect All

Deactivates the selected limit line for all assigned traces. For details see also "To
activate/deactivate a limit line" on page 4.188 .

= Remote: CALC:LIM:STAT OFF

New

Opens the Edit Limit Line dialog box and a submenu to define a new limit line. For details see
also "Limit Lines" on page 4.189 and "To select a limit line" on page 4.185.

Edit Name

Sets the focus on the Name field to enter or change the limit line name. A maximum of 8
characters is permitted for each name. All names must be compatible with the Windows XP
conventions for file names. The limit line data are stored under this name. The instrument stores
all limit lines with LIM as extension.

= Remote: CALC:LIM3:NAME "GSM1

Edit Comment

Sets the focus on the Comment field to enter or change a comment for the limit line. The text
must not exceed 40 characters.

= Remote: CALC:LIM5:COMM 'Upper limit for spectrum'

Edit Margin

Sets the focus on the Margin field to enter or change a margin for the limit line. The default
setting is 0 dB (i.e. no margin).
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Value

Opens an edit dialog box to change an existing x or y value, depending on the selected column.
The softkey is only available if an existing value is selected.

The desired data points are entered in ascending order (two repeated frequencies/time values
are permitted).

= Remote: CALC:LIM3:CONT:DATA 1MHz, 3MHz, 30MHz
= Remote: CALC:LIM3:UPP:DATA -10,0,0
= Remote: CALC:LIM3:LOW:DATA -30,-40,-40

Insert Value Above

Creates an empty line above the selected data point to enter a new data point. This softkey
corresponds to the Insert button in the dialog box.

It is also possible to add a data point at the end of the list, if the focus is set below the last entry
line of the list.

The data points are entered in ascending order (two repeated frequencies/time values are
permitted). If the entered values are not in accordance with the ascending order rule, an error
message is displayed and the values are discarded.

Delete Value

Deletes the selected data point (x and y value). All succeeding data points are shifted up
accordingly. This softkey corresponds to the Delete button in the dialog box.

The softkey is only available if an existing value is selected.

Save Limit Line

Saves the currently edited limit line under the name defined in the Name field.

Edit

Opens a submenu to edit limit lines. For details see also "Limit Lines" on page 4.189 and "To
edit an existing limit line" on page 4.187.

= Remote: For details refer to chapter "Remote Control — Commands", section "Definition of the limit
line".

Copy to

Copies the data of the selected limit line and displays it in the Edit Limit Line dialog box. If the
limit line is edited and saved under a new name, a new limit line can be easily generated by
parallel translation or editing of an existing limit line.

For details see also "Limit Lines" on page 4.189 and "To create a new limit line based upon an
existing limit line" on page 4.187.

= Remote: CALC:LIM3:COPY 2
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Delete

Deletes the selected limit line.

= Remote: CALC:LIM3:DEL

Display Lines

Opens a submenu to enable, disable and set display lines. Which softkeys are available
depends on the display mode (frequency or time range). For details see also "Display Lines" on
page 4.188 and "To work with display lines" on page 4.184.

Display Line 1 and Display Line 2

Enable or disable the level lines 1/2 and open an edit dialog box to enter the position of the

lines. For details see also "Display Lines" on page 4.188 and "To work with display lines" on
page 4.184.

= Remote: CALC:DLIN:STAT ON
= Remote: CALC:DLIN -20dBm

Frequency Line 1 and Frequency Line 2 (span > 0)

Enable or disable the frequency lines 1/2 and open an edit dialog box to enter the position of the

lines. For details see also "Display Lines" on page 4.188 and "To work with display lines" on
page 4.184.

= Remote: CALC:FLIN:STAT ON
= Remote: CALC:FLIN 120MHz
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Measurement Modes

This section describes the provided measurement modes, the change of measurement modes and the
access to the menus of all active measurement modes. For details refer to the following sections:

o "Measurement Mode Selection — MODE Key"
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Measurement Mode Selection — MODE Key

The MODE key provides a quick access to the menu of the current measurement mode and a fast
change of the measurement mode. You can choose from the following measurement modes:

¢ Instrument Functions — Receiver on page 4.2

Instrument Functions — Analyzer on page 4.79

Analog Demodulation mode (Analog Demodulation option, K7) on page 4.195

e Noise mode (Noise Figure Measurements option, K30) on page 4.195

To change the measurement mode
1. Press the MODE key.

The menu of the current measurement mode is displayed and the Measurement Modes dialog box
is opened.

2. To activate another mode, select the corresponding option and press the CHECKMARK key. More
than one measurement mode can be activated simultaneously.

3. To deactivate an activated mode, select the corresponding option and press the CHECKMARK
key.

Receiver mode

In the Receiver mode the functions provided correspond to those of a conventional receiver. The
receiver measures the power level of a signal at the set frequency with a selected bandwidth and
measurement time. This mode is set in the initial configuration.

Spectrum Analyzer mode

In the Spectrum Analyzer mode the functions provided correspond to those of a conventional
spectrum analyzer. The analyzer measures the frequency spectrum of the test signal over the selected
frequency range with the selected resolution and sweep time, or, for a fixed frequency, displays the
waveform of the video signal.

Analog Demodulation mode (Analog Demodulation option, K7)

The Analog Demodulation mode requires an instrument equipped with the corresponding optional
software. This mode provides measurement functions for demodulating AM, FM, or PM signals. For
details refer to "Analog Demodulation (Option K7)" on page 4.204.

Noise mode (Noise Figure Measurements option, K30)

The Noise mode requires an instrument equipped with the corresponding optional software. This mode
provides accurate and flexible noise measurement functions. For details refer to "Noise Figure
Measurements Option (K30)" on page 4.227.
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Instrument Functions — Analyzer

In this section, all analyzer functions of the R&S ESL and their application are explained in detail. The
basic settings functions are described in section "Instrument Functions — Basic Settings".

For every key a table is provided in which all submenus and corresponding commands are listed. The
description of the submenus and commands follows the order of the table. The commands for the
optional remote control (if any) are indicated for each softkey. The description is divided into the
following topics:

e "Measurement Parameters" on page 4.80

This section describes how to reset the instrument, to set up specific measurements and to set the
measurement parameters. Examples of basic operations are provided in the Quick Start Guide,
chapter 5 "Basic Measurement Examples". Advanced examples are described in chapter
"Advanced Measurement Examples".

e "Measurement Functions" on page 4.123

This section informs about how to select and configure the measurement functions. Examples of
basic operations are provided in the Quick Start Guide, chapter 5 "Basic Measurement Examples".
Advanced examples are described in chapter "Advanced Measurement Examples".

e "Measurement Modes" on page 4.194

This section describes the provided measurement modes, the change of measurement modes and
the access to the menus of all active measurement modes.

e "Models and Options" on page 4.197

This section informs about optional functions and their application that are included in the basic unit
configuration.

More basic information on operation is given in the Quick Start Guide. The front and the rear view of the
instrument together with a table of all available keys and a short description are provided in chapter
"Front and Rear Panel". Chapter "Preparing for Use" informs how to start working with the instrument
for the first time. A brief introduction on handling the instrument is given in chapter "Basic Operations".
This includes also the description of the keys for basic operations like switching the instrument on and
off or starting a measurement.
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Measurement Parameters

In this section all menus necessary for setting measurement parameters are described. This includes
the following topics and keys. For details on changing the mode refer to "Measurement Mode Selection
— MODE Key" on page 4.195.

e "Initializing the Configuration — PRESET Key" on page 4.81

e "Selecting the Frequency and Span — FREQ Key" on page 4.83

e "Setting the Frequency Span — SPAN Key" on page 4.89
e "Setting the Level Display and Configuring the RF Input — AMPT Key" on page 4.91

e "Setting the Bandwidths and Sweep Time — BW Key" on page 4.95

e "Configuring the Sweep Mode — SWEEP Key" on page 4.102

e "Triggering the Sweep — TRIG Key" on page 4.105
e "Setting Traces — TRACE Key" on page 4.113

Table 4-2: Sweep range variables

Abbreviation Definition R&S ESL 3 R&S ESL 6
value value
fnax max. frequency 3 GHz 6 GHz
fnin min. frequency available 0 Hz 0 Hz
Spanmin Smallest selectable span > 0 Hz 10 Hz 10 Hz
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Initializing the Configuration — PRESET Key

The PRESET key resets the instrument to the default settings. Therefore it provides a defined initial
state as a known starting point for measurements

Note: If the LOCAL LOCKOUT function is active in the remote control mode, the PRESET key is
disabled.

Further information

"Initial configuration" on page 4.82

Task

— To preset the instrument

To preset the instrument
1. Define the data set for the preset:

— To retrieve the originally provided settings file (see Initial configuration), in the file menu,
deactivate the Startup Recall softkey and, in the setup menu, activate the Preset Spectrum
softkey.

— To retrieve a customized settings file, in the file menu, activate the Startup Recall softkey,
press the Startup Recall Setup softkey, and select the corresponding file.

For details refer to section "Saving and Recalling Settings Files — FILE Key".
2. Press the PRESET key to trigger a preset.

= Remote: *RST or SYSTem: PRESet (for details refer to chapter "Remote Control — Commands”,
section "Common Commands" or section "SYSTem Subsystem").

Note: In order to save the current settings after reboot of the instrument, create a shutdown file by
switching the analyzer in the standby mode (press the On/Off key on the FRONT panel and
wait until the yellow LED is ON). With the battery pack option, use a USB keyboard and
terminate the analyzer firmware with ALT+F4 to create the shutdown file.
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Initial configuration

The initial configuration is selected in a way that the RF input is always protected against overload,
provided that the applied signal levels are in the allowed range for the instrument.

The parameter set of the initial configuration can be customized by using the Startup Recall softkey in
the file menu. For further information refer to section "Instrument Functions — Basic Settings", "Saving
and Recalling Settings Files — FILE Key".

Table 4-3: Initial configuration of the analyzer

Parameter Setting
mode Spectrum Analyzer
center frequency fnax / 2
center frequency step size 0.1 * center frequency
span R&S ESL3: 3 GHz
R&S ESL6: 6 GHz
RF attenuation auto
(R&S ESL3/6: 0 dB;)
reference level R&S ESL3/6: —20 dBm;
level range 100 dB log
level unit dBm
sweep time auto
resolution bandwidth auto (3 MHz)
video bandwidth auto (10 MHz)
FFT filters off
span / RBW 50
RBW / VBW 0.33
sweep cont
trigger free run
trace 1 clr write
trace 2/3/4/5/6 blank
detector auto peak
frequency offset 0 Hz
reference level offset 0dB
reference level position 100 %
grid abs
cal correction on
noise source off
input RF
tracking generator (models 13, 16,) off
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Selecting the Frequency and Span — FREQ Key

The FREQ key is used to specify the frequency axis, and to set the frequency offset and the signal track
function. The frequency axis can be specified either by the start and stop frequency or by the center
frequency and the span.

To open the frequency menu
» Press the FREQ key.

The frequency menu is displayed. The Frequency Center edit dialog box is displayed.

Menu and softkey description
"Softkeys of the frequency menu" on page 4.85

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Tasks

To specify the frequency axis by the start and stop frequency

To specify the frequency axis by the center frequency and the span

To specify the step size for the arrow keys and the rotary knob

— To modify the frequency axis by an offset

To track signals (only possible if span >0)

To specify the frequency axis by the start and stop frequency
1. Press the Start softkey and enter a start frequency.

2. Press the Stop softkey and enter a stop frequency.

To specify the frequency axis by the center frequency and the span
3. Press the FREQ key and enter a center frequency in the Frequency Center edit dialog box.

4. Press the SPAN key and enter the bandwidth you want to analyze.

Note: Entering a value of 0 Hz will cause a change to the zero span analysis mode.
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To specify the step size for the arrow keys and the rotary knob

1. Press the CF Stepsize softkey.

The softkeys are displayed according to the selected frequency span (zero span or span > 0).

2. To define the step size of the center frequency:

Note:

Only if span > 0: Press 0.1*Span, 0.5*Span or x*Span to define the step size for the center
frequency as percentage of the span.

Only if span = 0: Press 0.1*RBW, 0.5*RBW or x*RBW to define the step size for the center
frequency as percentage of the resolution bandwidth.

Press the =Center softkey to set the step size to the value of the center frequency and to
remove the dependency of the step size to span or resolution bandwidth.

Press the =Marker softkey to set the step size to the value of the marker and to remove the
dependency of the step size to span or resolution bandwidth.

Press the Manual softkey and enter a fixed step size for the center frequency.

The step size assigned to arrow keys corresponds to the selected value; the step size of the
rotary knob is /49 of it.

To modify the frequency axis by an offset

> Press the Frequency Offset softkey and enter the offset to shift the displayed frequency span.

To track signals (only possible if span >0)

1. Press the Signal Track softkey.

The softkeys of this submenu are displayed to start and stop signal tracking with specified
parameters.

o > 0N

Press the Track On/Off softkey to switch signal tracking on or off.
Press the Track BW softkey and enter a bandwidth for signal tracking.
Press the Track Threshold softkey and enter the threshold for signal tracking.

Press the Select Trace softkey and select the trace for signal tracking.
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Softkeys of the frequency menu

The following table shows all softkeys available in the frequency menu. It is possible that your
instrument configuration does not provide all softkeys. If a softkey is only available with a special option,
model or (measurement) mode, this information is delivered in the corresponding softkey description.

Menu / Command Command

Center

Start

Stop

CF Stepsize ¥ 0.1*Span/0.1*RBW

0.5*Span/0.5*RBW

x*Span/x*RBW

=Center

=Marker

Manual

Frequency Offset

Signal Track ¥ Track On/Off

Track BW

Track Threshold

Select Trace

Center

Opens an edit dialog box to enter the center frequency. The allowed range of values for the
center frequency depends on the frequency span.

span > 0: SpaNnmin/ 2 < feenter < frmax — SP@Nmin / 2
span = 0: 0 HZ < feepter < finax

fmax @and spany,, are specified in the data sheet. To help analyze signals located at the end of the
frequency range the f,., value is extended by 0.05 GHz for direct entry via the key pad. The
preset and full span values remain unchanged.

= Remote: FREQ:CENT 100MHz

Start

Opens an edit dialog box to define the start frequency. The following range of values is allowed:
fmin < fstart < fmax_ Spanmin

fmin, fmax @nd spanp,, are specified in the data sheet. To help analyze signals located at the end of
the frequency range the f,,,, value is extended by 0.05 GHz for direct entry via the key pad. The
preset and full span values remain unchanged.

= Remote: FREQ:STAR 20MHz
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Stop

Opens an edit dialog box to define the stop frequency. The following range of values for the stop
frequency is allowed:

fmin + Spanmin < fstop < fmax

fmin, fmax @nd spang,, are specified in the data sheet. To help analyze signals located at the end of
the frequency range the f,,., value is extended by 0.05 GHz for direct entry via the key pad. The
preset and full span values remain unchanged.

Remote: FREQ:STOP 2000MHz

CF Stepsize

Opens a submenu to set the step size of the center frequency. In addition to the =Center,
=Marker and Manual softkeys, the other softkeys are displayed depending on the selected
frequency span.

The step size can be coupled to the span (span > 0) or the resolution bandwidth (span = 0) or it
can be manually set to a fixed value.

0.1*Span (span > 0)

Sets the step size for the center frequency to 10% of the span.

= Remote: FREQ:CENT:STEP: LINK SPAN
= Remote: FREQ:CENT: STEP: LINK: FACT 10PCT

0.1*RBW (zero span)

Sets the step size for the center frequency to 10% of the resolution bandwidth. This is the
default setting.

= Remote: FREQ:CENT:STEP: LINK RBW
= Remote: FREQ:CENT:STEP: LINK:FACT 10PCT

0.5*Span (span > 0)

Sets the step size for the center frequency to 50% of the span.

= Remote: FREQ:CENT:STEP: LINK SPAN
= Remote: FREQ:CENT:STEP: LINK:FACT 50PCT

0.5*RBW (zero span)

Sets the step size for the center frequency to 50% of the resolution bandwidth.

= Remote: FREQ:CENT: STEP: LINK RBW
= Remote: FREQ:CENT: STEP: LINK:FACT 50PCT
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x*Span (span > 0)

Opens an edit dialog box to set the step size for the center frequency as % of the span.

= Remote: FREQ:CENT: STEP:LINK SPAN
= Remote: FREQ:CENT: STEP: LINK:FACT 20PCT

x*RBW (zero span)

Opens an edit dialog box to set the step size for the center frequency as % of the resolution
bandwidth. Values between 1 and 100% in steps of 1% are allowed. The default setting is 10%.

= Remote: FREQ:CENT: STEP: LINK RBW
= Remote: FREQ:CENT: STEP:LINK:FACT 20PCT

=Center

Sets the step size to the value of the center frequency and removes the coupling of the step size
to span or resolution bandwidth. This function is especially useful during measurements of the
signal harmonic content because by entering the center frequency each stroke of the arrow key
selects the center frequency of another harmonic.

=Marker

Sets the step size to the value of the current marker and removes the coupling of the step size
to span or resolution bandwidth. This function is especially useful during measurements of the
signal harmonic content at the marker position because by entering the center frequency each
stroke of the arrow key selects the center frequency of another harmonic.

Manual

Opens an edit dialog box to enter a fixed step size for the center frequency.

= Remote: FREQ:CENT:STEP 120MHz

Frequency Offset

Opens an edit dialog box to enter a frequency offset that shifts the displayed frequency range by
the specified offset. The allowed values range from —100 GHz to 100 GHz. The default setting is
0 Hz.

= Remote: FREQ:0OFFS 10 MHz

Signal Track (span > 0)

Opens a submenu to modify the parameters for signal tracking: search bandwidth, threshold
value and trace.

The search bandwidth and the threshold value are shown in the diagram by two vertical lines
and one horizontal line, which are labeled as TRK. After each sweep the center frequency is set
to the maximum signal found within the searched bandwidth. If no maximum signal above the
set threshold value is found in the searched bandwidth, the track mechanism stops.

= Remote: CALC:MARK:FUNC:STR OFF

1300.5053.12 4.87 E-2



Selecting the Frequency and Span — FREQ Key R&S ESL

Track On/Off (span > 0)

Switches the signal tracking on or off.

= Remote: CALC:MARK:FUNC:STR OFF

Track BW (span > 0)

Opens an edit dialog box to set the search bandwidth for signal tracking. The frequency range is
calculated as a function of the center frequency.

= Remote: CALC:MARK: FUNC:STR:BAND 1MHZ

Track Threshold (span > 0)

Opens an edit dialog box to set the threshold value for signal tracking.

= Remote: CALC:MARK: FUNC:STR:THR —-70DBM

Select Trace (span > 0)

Opens an edit dialog box to select the trace on which the signal is tracked.

= Remote: CALC:MARK:FUNC:STR:TRAC 1
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Setting the Frequency Span — SPAN Key

The SPAN key is used to set the frequency span to be analyzed.

To open the span menu
» Press the SPAN key.

The span menu is displayed. For span > 0 an edit dialog box to enter the frequency is displayed.
For zero span, an edit dialog box to enter the sweep time is displayed.

Menu and softkey description
"Softkeys of the span menu" on page 4.89

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Task

— To specify the span (alternatives)

To specify the span (alternatives)
1. To set the span, use the Span Manual, Full Span, Zero Span and Last Span softkeys.
2. To define a frequency range, use the Start and Stop softkeys.

3. For zero span, press the Sweeptime Manual softkey and enter a sweep time.

Softkeys of the span menu

The following table shows all softkeys available in the span menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

Command

Span Manual

Sweeptime Manual

Start

Stop

Full Span

Zero Span

Last Span

Freq Axis Lin/ Log
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Span Manual

Opens an edit dialog box to enter the frequency span. The center frequency is kept constant.
The following range is allowed:

span =0:0Hz
span >0: spanmi; < fspan < frax

fmax @and spany,, are specified in the data sheet. To help analyze signals located at the end of the
frequency range the f,,, value is extended by 0.05 GHz for direct entry via the key pad. The
preset and full span values remain unchanged.

= Remote: FREQ: SPAN 2GHz

Start

Opens an edit dialog box to enter the start frequency. For details see Start softkey in the
frequency menu.

= Remote: FREQ:STAR 20MHz

Stop

Opens an edit dialog box to enter the stop frequency. For details see Stop softkey in the
frequency menu.

= Remote: FREQ:STOP 2000MHz

Full Span

Sets the span to the full frequency range of the R&S ESL specified in the data sheet. This
setting is useful for overview measurements.

= Remote: FREQ: SPAN: FULL

Zero Span

Sets the span to 0 Hz (zero span). The x—axis becomes the time axis with the grid lines
corresponding to 1/10 of the current sweep time (SWT).

= Remote: FREQ:SPAN 0OHz

Last Span

Sets the span to the previous value. With this function e.g. a fast change between overview
measurement and detailed measurement is possible.

Freq Axis Lin / Log

The Freq Axis Lin/Log switches between linear and logarithmic frequency axis.

= Remote: DISP: TRAC:X:SPAC LOG
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Setting the Level Display and Configuring the RF Input —
AMPT Key

The AMPT key is used to set the reference level, the level range and unit, the scaling and the RF
attenuation.

To open the amplitude menu
> Press the AMPT key.

The amplitude menu is displayed. The Reference Level dialog box is displayed.

Menu and softkey description
"Softkeys of the amplitude menu" on page 4.92

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Task
— To specify the amplitude

To specify the amplitude

1. Set the reference level, offset and position, using the Ref Level, Ref Level Offset and Ref Level
Position softkeys.

Select the level range and the unit for the level axis, using the Range Log and Unit softkeys.
Set the scaling, using the Range Linear and/or Grid Abs / Rel softkeys.
Set the attenuation, using the RF Atten Manual or RF Atten Auto softkeys.
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Softkeys of the amplitude menu

The following table shows all softkeys available in the amplitude menu. It is possible that your
instrument configuration does not provide all softkeys. If a softkey is only available with a special option,
model or (measurement) mode, this information is delivered in the corresponding softkey description.

Menu / Command Command

Ref Level

Range Log

Range Linear ¥ Range Linear %

Range Lin. Unit

Preamp On/Off

RF Atten Manual

RF Atten Auto

More ¥

Ref Level Offset

Ref Level Position

Grid Abs / Rel

Unit

Input 50 Q /75 Q

Ref Level

Opens an edit dialog box to enter the reference level in the currently active unit (dBm, dBuV,
etc).

The reference level value is the maximum value the AD converter can handle without distortion
of the measured value. Signal levels above this value will not be measured correctly, which is
indicated by the IFOVL status display.

= Remote: DISP: TRAC:Y:RLEV —-60dBm

Range Log

Selects logarithmic scaling for the level display range and opens the Range Log dialog box to
select a value for the level range.

= Remote: DISP: TRAC:Y:SPAC LOG
= Remote: DISP:TRAC:Y 120DB

Range Linear

Selects linear scaling for the level display range and opens a submenu to select the type of
linear scaling.
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Range Linear %

Selects linear scaling in % for the level display range, i.e. the horizontal grid lines are labelled in
%. The grid is divided in decadic steps.

Markers are displayed in the selected unit (Unit softkey). Delta markers are displayed in %
referenced to the voltage value at the position of marker 1. This is the default setting for linear
scaling.

= Remote: DISP: TRAC:Y:SPAC LIN

Range Lin. Unit

Selects linear scaling in dB for the level display range, i.e. the horizontal lines are labelled in dB.

Markers are displayed in the selected unit (Unit softkey). Delta markers are displayed in dB
referenced to the power value at the position of marker 1.

= Remote: DISP: TRAC:Y:SPAC LDB

Preamp On/Off (option RF Preamplifier, B22)

Switches the preamplifier on or off.

= Remote: INP:GAIN:STAT ON

RF Atten Manual

Opens an edit dialog box to enter the attenuation, irrespective of the reference level.

The attenuation can be set in 5 dB steps. The range is specified in the data sheet. If the defined
reference level cannot be set for the set RF attenuation, the reference level will be adjusted
accordingly.

The RF attenuation defines the level at the input mixer according to the formula:
levelyer = leveli,, — RF attenuation

The maximum mixer level allowed is —10 dBm. Mixer levels above this value may lead to
incorrect measurement results, which are indicated by the OVLD status display.

= Remote: INP:ATT 30 DB

RF Atten Auto

Sets the RF attenuation automatically as a function of the selected reference level. This ensures
that the optimum RF attenuation is always used. It is the default setting.

= Remote: INP:ATT:AUTO ON

Ref Level Offset

Opens an edit dialog box to enter the arithmetic level offset. This offset is added to the
measured level irrespective of the selected unit. The scaling of the y—axis is changed
accordingly. The setting range is 200 dB in 0.1 dB steps.

= Remote: DISP:WIND:TRAC:Y:RLEV:0FFS —-10dB
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Ref Level Position

Opens an edit dialog box to enter the reference level position, i.e. the position of the maximum
AD converter value on the level axis. The setting range is from —200 to +200%, 0%
corresponding to the lower and 100% to the upper limit of the diagram.

= Remote: DISP:WIND:TRAC:Y:RPOS 100PCT

Grid Abs / Rel (not available with Range Linear)

Switches between absolute and relative scaling of the level axis.
Absolute scaling The labeling of the level lines refers to the absolute value of the
reference level. Absolute scaling is the default setting.

Relative scaling The upper line of the grid is always at 0 dB. The scaling is in dB
whereas the reference level is always in the set unit (for details on unit
settings see Unit softkey).

= Remote: DISP:WIND: TRAC:Y:MODE ABS

Unit

Opens the Unit dialog box to select the unit for the level axis. The default setting is dBm. If a
transducer is switched on, the softkey is not available.

In general, the spectrum analyzer measures the signal voltage at the RF input. The level display
is calibrated in RMS values of an unmodulated sinewave signal. In the default state, the level is
displayed at a power of 1 mW (= dBm). Via the known input impedance (50 Q or 75 Q),
conversion to other units is possible. The units dBm, dBmV, dBpV, V and W are directly
convertible.

= Remote: CALC:UNIT:POW DBM

Input 50 Q /75 Q

Uses 50 Q or 75 Q as reference impedance for the measured levels. Default setting is 50 Q .
Changes the reference impedance for the measured levels

The setting 75 Q should be selected, if the 50 Q input impedance is transformed to a higher
impedance using a 75 Q adapter of the RAZ type (= 25 Q in series to the input impedance of the
instrument). The correction value in this case is 1.76 dB = 10 log ( 75 Q /50 Q).

All levels specified in this Operating Manual refer to the default setting of the instrument (50 Q).

= Remote: INP: IMP 500HM
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Setting the Bandwidths and Sweep Time — BW Key

The BW key is used to set the resolution bandwidth, video bandwidth (VBW) and sweep time (SWT).
The values available for resolution bandwidth and video bandwidth depend on the selected filter type.
For details on channel filters see also "List of available RRC and channel filters" on page 4.97.

To open the bandwidth menu
» Press the BW key.
The bandwidth menu is displayed.

Menu and softkey description
"Softkeys of the bandwidth menu" on page 4.99

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information

"List of available RRC and channel filters" on page 4.97

Tasks
— To specify the bandwidth

— To choose the appropriate filter type

To specify the bandwidth

1. Set the resolution bandwidth using the Res BW Manual or Res BW Auto softkey.
2. Set the video bandwidth using the Video BW Manual or Video BW Auto softkey.
3. Set the sweep time using the Sweeptime Manual or Sweeptime Auto softkey.
4

Press the Filter Type softkey and select the appropriate filters.
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To choose the appropriate filter type

All resolution bandwidths are realized with digital filters.

The video filters serve for smoothing the displayed trace. Using video bandwidths that are small
compared to the resolution bandwidth, only the signal average is displayed and noise peaks and pulsed
signals are repressed. If pulsed signals are to be measured, it is recommended to use a video
bandwidth that is large compared to the resolution bandwidth (VBW * 10 x RBW) for the amplitudes of
pulses to be measured correctly.

The following filter types are available:

Gaussian filters

The Gaussian filters are set by default. The available bandwidths are specified in the data sheet.
EMI (6dB) filters

The available bandwidths are specified in the data sheet.

FFT filters

The available bandwidths are specified in the data sheet.

The FFT algorithm offers considerably higher measurement speeds with all the other settings
remaining the same. The reason is that for analog filters the sweep time required for a particular
span is proportional to (span/RBWz). When using the FFT algorithm, however, the sweep time is
proportional to (span/RBW).

FFT filters are particularly suitable for stationary signals (sinusoidal signals or signals that are
continuously modulated in time). For burst signals (TDMA) or pulsed signals, normal filters are
preferable. When the tracking generator is used as signal source for the DUT, filtering with the FFT
algorithm is not useful. The FFT option is thus not available if the tracking generator is switched on.

If the FFT filters are activated, the sweep time display (SWT) is replaced by the acquisition time
(AQT) display. The sweep time is defined by the selected bandwidth and span, and cannot be
changed. The video bandwidth is not defined and therefore cannot be set.

The sample detector and the peak detector are available. If the Detector Auto Select softkey in the
trace menu is activated, the peak detector is selected.

channel filters
details see "List of available RRC and channel filters"
RRC filters

details see "List of available RRC and channel filters"
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List of available RRC and channel filters

For power measurement a number of especially steep—edged channel filters are available (see the
following table).

For filters of type RRC (Root Raised Cosine), the filter bandwidth indicated describes the sampling rate
of the filter. For all other filters (CFILter) the filter bandwidth is the 3 dB bandwidth.

Table 4-4: Filter types

Filter Bandwidth Filter Type Application

100 Hz CFlLter

200 Hz CFlLter A0

300 Hz CFlLter

500 Hz CFlLter

1 kHz CFlLter

1.5 kHz CFlLter

2 kHz CFlLter

24 kHz CFlLter SSB

2.7 kHz CFlLter

3 kHz CFlLter

34 kHz CFILter

4 kHz CFlLter DAB, Satelite

4.5 kHz CFlLter

5 kHz CFlLter

6 kHz CFlLter

8.5 kHz CFlLter ETS300 113 (12.5 kHz channels)
9 kHz CFlLter AM radio

10 kHz CFlLter

12,5 kHz CFlLter CDMAone

14 kHz CFlLter ETS300 113 (20 kHz channels)
15 kHz CFILter

16 kHz CFlLter ETS300 113 (25 kHz channels)
18 kHz, « =0.35 RRC TETRA

20 kHz CFlLter

21 kHz CFlLter PDC

24.3 kHz, a =0.35 RRC IS 136 (NADC)

25 kHz CFILter

30 KHz CFILter CDPD, CDMAone

50 KHz CFlLter

100 kHz CFlLter

150 kHz CFlLter FM radio

192 kHz CFILter PHS

200 kHz CFlLter

300 kHz CFlLter

500 kHz CFlLter J.83 (8-VSB DVB, USA)
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Filter Bandwidth Filter Type Application
1.0 MHz CFlLter CDMAone
1.2288 MHz CFlLter CDMAone
1,28 MHz RRC
1.5 MHz CFlLter DAB
2.0 MHz CFlLter
3.0 MHz CFlLter
3.75 MHz CFlLter
3.84 MHz, « =0.22* RRC W-CDMA 3GPP
4.096 MHz, « =0.22* RRC W-CDMA NTT DOCoMo
5.0 MHz CFILter
20 MHz MHz CFlLter
Note: The 20 MHz channel filter is unavailable in sweep mode.

The 3.84 and 4.096 MHz filters (marked with an asterisk in the table) require an IF filter model

index > 3.
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Softkeys of the bandwidth menu

The following table shows all softkeys available in the bandwidth menu. It is possible that your
instrument configuration does not provide all softkeys. If a softkey is only available with a special option,
model or (measurement) mode, this information is delivered in the corresponding softkey description.

Command

Res BW Manual

Res BW Auto

Video BW Manual

Video BW Auto

Sweeptime Manual

Sweeptime Auto

Filter Type

Res BW Manual

Opens an edit dialog box to enter a value for the resolution bandwidth. The available resolution
bandwidths are specified in the data sheet. For details on the correlation between resolution
bandwidth and filter type refer to "To choose the appropriate filter type" on page 4.96.

Numeric input is always rounded to the nearest possible bandwidth. For rotary knob or
UP/DNARROW key inputs, the bandwidth is adjusted in steps either upwards or downwards.

The manual input mode of the resolution bandwidth is indicated by a green asterisk (*) at the
RBW display.

= Remote: BAND:AUTO OFF
= Remote: BAND 1MHz

Res BW Auto (span > 0)

Couples the resolution bandwidth to the selected span. If the span is changed, the resolution
bandwidth is automatically adjusted.

This setting is recommended, if a favorable setting of the resolution bandwidth in relation to the
selected span is desired.

= Remote: BAND:AUTO ON

Video BW Manual (not available for FFT filter)

Opens an edit dialog box to enter the video bandwidth. The available video bandwidths are
specified in the data sheet.

Numeric input is always rounded to the nearest possible bandwidth. For rotary knob or
UP/DNARROW key inputs, the bandwidth is adjusted in steps either upwards or downwards.

The manual input mode of the video bandwidth is indicated by a green asterisk (*) at the VBW
display.

= Remote: BAND:VID:AUTO OFF
= Remote: BAND:VID 10 kHz
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Video BW Auto (not available for FFT filter)

Couples the video bandwidth to the resolution bandwidth. If the resolution bandwidth is changed,
the video bandwidth is automatically adjusted.

This setting is recommended, if a minimum sweep time is required for a selected resolution
bandwidth. Narrow video bandwidths require longer sweep times due to the longer settling time.
Wide bandwidths reduce the signal/noise ratio.

= Remote: BAND:VID:AUTO ON

Sweeptime Manual (not available for FFT filter)

Opens an edit dialog box to enter the sweep time.

Sweep time

Absolute max. sweep time value 16000 s
Absolute min. sweep time value 1 ys (zero span)

2.5 ms (span > 0)

Allowed values depend on the ratio of span to RBW and RBW to VBW. For details refer to the
data sheet.

Numeric input is always rounded to the nearest possible sweep time. For rotary knob or
UPARROW/DNARROW key inputs, the sweep time is adjusted in steps either downwards or
upwards.

The manual input mode of the sweep time is indicated by a green asterisk (*) at the SWT
display. If the selected sweep time is too short for the selected bandwidth and span, level
measurement errors will occur due to a too short settling time for the resolution or video filters. In
this case, the R&S ESL displays the error message UNCAL and marks the indicated sweep time
with a red asterisk (*).

= Remote: SWE: TIME:AUTO OFF
= Remote: SWE:TIME 10s
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Sweeptime Auto (not available for FFT filter and zero span)

Couples the sweep time to the span, video bandwidth (VBW) and resolution bandwidth (RBW). If
the span, resolution bandwidth or video bandwidth are changed, the sweep time is automatically
adjusted.

The R&S ESL always selects the shortest sweep time that is possible without falsifying the
signal. The maximum level error is < 0.1 dB, compared to using a longer sweep time.

= Remote: SWE: TIME:AUTO ON

Filter Type

Opens the Filter Type dialog box to select the filter type.

For detailed information on filters see "To choose the appropriate filter type" on page 4.96 and
"List of available RRC and channel filters" on page 4.97.

= Remote: BAND: TYPE NORM
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Configuring the Sweep Mode — SWEEP Key

The SWEEP key is used to configure the sweep mode. Continuous sweep or single sweep are
possible. The sweep time and the number of measured values are set.

To open the sweep menu
» Press the SWEEP key.

The sweep menu is displayed.

Menu and softkey description
"Softkeys of the sweep menu" on page 4.102

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Task

— To specify the sweep settings

To specify the sweep settings

1. Press the Sweep Count softkey and enter the sweep count.

Set the sweep time by using the Sweeptime Manual or Sweeptime Auto softkey.
Press the Sweep Points softkey and enter the number of sweep points.

Select the sweep mode using the Continuous Sweep or Single Sweep softkey.

o r 0D

To repeat the single sweep, press the Continue Single Sweep softkey.

Softkeys of the sweep menu

The following table shows all softkeys available in the sweep menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

Command

Continuous Sweep

Single Sweep

Continue Single Sweep

Sweeptime Manual

Sweeptime Auto

Sweep Count

Sweep Points
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Continuous Sweep

Sets the continuous sweep mode: the sweep takes place continuously according to the trigger
settings. This is the default setting. The trace averaging is determined by the sweep count value
(see Sweep Count softkey).

= Remote: INIT:CONT ON

Single Sweep

Sets the single sweep mode: after triggering, starts the number of sweeps that are defined by
using the Sweep Count softkey. The measurement stops after the defined number of sweeps
has been performed.

= Remote: INIT:CONT OFF

Continue Single Sweep

Repeats the number of sweeps set by using the Sweep Count softkey, without deleting the
trace of the last measurement.

This is particularly of interest when using the trace configurations Average or Max Hold to take
previously recorded measurements into account for averaging / maximum search. For details on
trace configuration refer to "Setting Traces — TRACE Key" on page 4.113.

= Remote: INIT:CONM

Sweeptime Manual

Opens an edit dialog box to enter the sweep time. For details see Sweeptime Manual softkey in
the bandwidth menu.

= Remote: SWE:TIME 10s

Sweeptime Auto

Sets the automatic sweep time mode. For details see Sweeptime Auto softkey in the bandwidth
menu.

= Remote: SWE: TIME : AUTO ON

Sweep Count

Opens an edit dialog box to enter 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 a diagram.

The sweep count set in the sweep menu is the same as that in the trace menu (for further details
see Sweep Count softkey). If the trace configurations Average, Max Hold or Min Hold are set,
the sweep count value also determines the number of averaging or maximum search
procedures (for details on trace configuration see "Setting Traces — TRACE Key" on page 4.113.
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Example:
TRACE key — Trace Mode softkey — Mode Max Hold softkey
SWEEP key — Sweep Count softkey — Average Sweep Count dialog box: enter 10
Single Sweep softkey: R&S ESL performs the Max Hold function over 10 sweeps.

= Remote: SWE: COUN 64

Sweep Points

Opens an edit dialog box to enter the number of measured values to be collected during one
sweep.

—  Entry via rotary knob:

In the range from 101 to 1001, the sweep points are increased or decreased in steps of 100
points.

In the range from 1001 to 32001, the sweep points are increased or decreased in steps of 1000
points.

— Entry via keypad:
All values in the defined range can be set.

The default value is 501 sweep points. If a value = 501 is set, the auto peak detector is turned
off automatically.

= Remote: SWE: POIN 501
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Triggering the Sweep — TRIG Key

The TRIG key is used to set trigger mode, trigger threshold, trigger delay, trigger polarity and for gated
sweep the gate configuration.

To open the trigger menu
» Press the TRIG key.

The trigger menu is displayed.

Menu and softkey description
"Softkeys of the trigger menu" on page 4.109

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information

"Trigger mode overview" on page 4.108

Tasks
— To specify the trigger settings

— To use gated sweep operation (option Gated Sweep, B8)

To specify the trigger settings

1. Press the Trg / Gate Source softkey to select the trigger mode (for details see "Trigger mode
overview" on page 4.108).

2. Press the Trg / Gate Level softkey to set the trigger level.
3. Press the Trigger Offset softkey to set the trigger offset.
4. For details on gated sweep operation, see "To use gated sweep operation (option Gated Sweep,

B8)" on page 4.105.

To use gated sweep operation (option Gated Sweep, B8)

By using a gate in sweep mode and stopping the measurement while the gate signal is inactive, the
spectrum for pulsed RF carriers can be displayed without the superposition of frequency components
generated during switching. Similarly, the spectrum can also be examined for an inactive carrier. The
sweep can be controlled by an external gate or by the internal power trigger.

Gated sweep operation is also possible for span = 0. This enables — e.g. in burst signals — level
variations of individual slots to be displayed versus time.

1. Press the Gate Settings submenu softkey to define the settings of the gate mode.

At the center frequency a transition to zero span is made and the time parameters gate delay and
gate length are displayed as vertical lines to adjust them easily.

When quitting the Gate Settings submenu, the original span is retrieved so the desired
measurement can be performed with the accurately set gate.

2. To set the parameters gate delay and gate length highly accurate, press the Sweep Time softkey to
alter the x—axis in a way that the signal range concerned (e.g. one full burst) is displayed.
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3. Press the Gate Delay softkey to set the sampling time in a way that the desired portion of the signal
is shown.

Press the Gate Mode LvI/Edge softkey to set the gate mode.

If the Edge gate mode has been selected, press the Gate Length softkey to set the sampling
duration in a way that the desired portion of the signal is shown.

Press the Trg / Gate Polarity Pos/Neg softkey to set the polarity of the trigger source.
Press the Gated Trigger softkey to activate the gated sweep mode.

To indicate that a gate is used for the sweep, the enhancement label GAT is displayed on the
screen. This label appears to the right of the window for which the gate is configured.

; 10 di
Ref 0.0 dBm

CF 802.0 MHz SPAN 3.6 MHz

Fig. 4-3: TDMA signal with GATE OFF
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Fig. 4-4: Pulsed signal with GATE ON

Gate Mode LEVEL (zate Mode EDGE

Fig. 4-5: Timing diagram for GATE, GATE DELAY and GATE LENGTH
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Trigger mode overview

The R&S ESL offers the following trigger modes:

Free Run

The start of a sweep is not triggered. Once a measurement is completed, another is started
immediately.

External

Triggering via a TTL signal at the input connector EXT TRIG / GATE IN on the rear panel.
Video

Triggering by the displayed voltage.

A horizontal trigger line is shown in the diagram. It is used to set the trigger threshold from 0% to
100% of the diagram height.

IF Power
Triggering of the measurement via signals which are outside the measurement channel.

For this purpose, the R&S ESL uses a level detector at the second intermediate frequency. Its
threshold can be set in a range between —50 dBm and —10 dBm at the input mixer. The resulting
trigger level at the RF input is calculated via the following formula:

Mixerlevel,,;, + RFAtt — PreampGain < Input Signal < Mixerlevel,,., + RFAtt — PreampGain

The bandwidth at the intermediate frequency is 20 MHz. The R&S ESL is triggered as soon as the
trigger threshold is exceeded within a 10 MHz range around the selected frequency (= start
frequency in the frequency sweep).

Thus, the measurement of spurious emissions, e.g. for pulsed carriers, is possible even if the
carrier lies outside the selected frequency span.

Time Trigger

Triggering of the measurement by a time intervall, set via the Repetition Intervall softkey.
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Softkeys of the trigger menu

The following table shows all softkeys available in the trigger menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

Menu / Command

Command

Trg / Gate Source

Trg / Gate Level

Trg / Gate Polarity Pos/Neg

Trigger Offset / Repetition Intervall

Gated Trigger

Gate Settings ¥

Gate Mode LvI/Edge

Gate Delay

Gate Length

Trg / Gate Source

Trg / Gate Level

Trg / Gate Polarity Pos/Neg

Sweep Time

More ¥

IF Power Retrigger Holdoff

IF Power Retrigger Hysteresis

Trg /| Gate Source

Opens the Trigger / Gate Source dialog box to select the trigger / gate mode. For detailed
information on trigger modes see "Trigger mode overview" on page 4.108.

The gate—related settings are only available with option Gated Sweep, R&S FSL-B8. For details
see also "To use gated sweep operation (option Gated Sweep, B8)" on page 4.105.

The default setting is Free Run. If a trigger mode other than Free Run has been set, the
enhancement label TRG is displayed.

= Remote: TRIG: SOUR IMM

Time Trigger)

VID | IFP | EXT

= Remote: SWE : EGAT: SOUR EXT (Extern)

TIME (Free Run, Video, IF Power, Extern,

Trg / Gate Level

Opens an edit dialog box to enter the trigger / gate level. The gate—related settings are only
available with option Gated Sweep, R&S FSL-B8. For details see also "Trigger mode overview"
on page 4.108 and "To use gated sweep operation (option Gated Sweep, B8)" on page 4.105.

In the Time Trigger mode, this softkey is not available.

= Remote: TRIG:LEV:VID 50PCT
= Remote: TRIG:LEV:IFP -30DBM
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Trg | Gate Polarity Pos/Neg

Sets the polarity of the trigger / gate source. The gate—related settings are only available with
option Gated Sweep, R&S FSL-B8.

The sweep starts after a positive or negative edge of the trigger signal. The default setting is
Pos. The setting applies to all modes with the exception of the Free Run mode.

level triggering  In the setting Pos the sweep is stopped by the logic ‘0" signal and
restarted by the logical "1” signal after the gate delay time has elapsed.

edge triggering  The sweep is continued on a ‘0" to "1” transition for the gate length
duration after the gate delay time has elapsed.

In the Time Trigger mode, this softkey is not available.

For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 4.105.
= Remote: TRIG: SLOP POS
= Remote: SWE:EGAT: POL POS

Trigger Offset

Opens an edit dialog box to enter the time offset between the trigger signal and the start of the
sweep. The time may be entered in multiples of 125 ns in the range —100 s to 100 s (default

0 s).
offset > 0: start of the sweep is delayed
offset < 0: sweep starts earlier (pre—trigger)

only possible for span = 0 and gated trigger switched off
not possible if RMS or average detector activated

maximum allowed range and the maximum resolution limited by the sweep time:
rangem.x = — 499/500 x sweep time
resolution,,., = sweep time/500

In the External or IF Power trigger mode, a common input signal is used for both trigger and
gate. Therefore changes to the gate delay will affect the trigger delay (trigger offset) as well.

In the Time Trigger mode, this softkey is not available.

= Remote: TRIG:HOLD 10US

Repetition Intervall (Time Trigger mode)

Opens an edit dialog box to enter the time intervall after which the sweep is started. The
possible values range from 100 ms to 5000 s.

= Remote: TRIG: TIME:RINT 50

1300.5053.12 4110 E-2



R&S ESL Triggering the Sweep — TRIG Key

Gated Trigger (option Gated Sweep, B8)

Switches the sweep mode with gate on or off .
This softkey requires the following trigger mode:

span >0 External or IF Power
span =0 External or IF Power or Video

If a different mode is active, the IF Power trigger mode is automatically selected.

If the gate is switched on, a gate signal applied to the rear panel connector EXT
TRIGGER/GATE or the internal IF power detector controls the sweep of the analyzer.

In the Time Trigger mode, this softkey is not available.
For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 4.105.

= Remote: SWE:EGAT ON
= Remote: SWE:EGAT:SOUR IFP | EXT

Gate Settings (option Gated Sweep, B8)

Opens a submenu to make all the settings required for gated sweep operation.
In the Time Trigger mode, this softkey is not available.

For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 4.105.

Gate Mode LvI/Edge (option Gated Sweep, B8)

Sets the gate mode. As settings level-triggered or edge—triggered gate mode can be selected.
For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 4.105.

= Remote: SWE:EGAT: TYPE EDGE

Gate Delay (option Gated Sweep, B8)

Opens an edit dialog box to enter the gate delay time between the gate signal and the
continuation of the sweep. Values between 125 ns and 100 s are allowed. The delay position on
the time axis in relation to the sweep is indicated by a line labeled GD.

This is useful for e.g. taking into account a delay between the gate signal and the stabilization of
an RF carrier.

As a common input signal is used for both trigger and gate when selecting the External or IF
Power trigger mode, changes to the gate delay will affect the trigger delay (trigger offset) as
well.

For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 4.105.

= Remote: SWE:EGAT :HOLD 1US
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Gate Length (Gate Mode Edge)

Opens an edit dialog box to enter the gate length. Values between 125 ns and 100 s are
allowed. The gate length in relation to the sweep is indicated by a line labeled GL.

The length of the gate signal defines if the sweep is to be interrupted. Only in the edge—triggered
mode the gate length can be set, while in the level-triggered the gate length depends on the
length of the gate signal.

For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 4.105.

= Remote: SWE:EGAT:LENG 100US

Sweep Time (option Gated Sweep, B8)

Opens an edit dialog box to change the sweep time in order to obtain a higher resolution for
positioning gate delay and gate length. When quitting the Gate Settings submenu, the original
sweep time is retrieved.

For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 4.105.

IF Power Retrigger Holdoff (

Opens an edit dialog box to define the value for the IF power trigger holdoff. This softkey is only
available if the IF power trigger is selected as the trigger source. The holdoff value in s is the
time which must pass since another IF power trigger event may happen. The range of the value
is between 150 ns and 10 s in the step width of 10 ns.

= Remote: TRIG: IFP:HOLD 200 ns

IF Power Retrigger Hysteresis

Opens an edit dialog box to define the value for the IF power trigger hysteresis. This softkey is
only available if the IF power trigger is selected as the trigger source. The hysteresis in dB is the
value the input signal must decay below the IF power trigger level in order to allow an IF power
trigger starting the measurement. The range of the value is between 3 dB and 50 dB in the step
width of 1 dB.

= Remote: TRIG: IFP:HYST 10DB
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Setting Traces — TRACE Key

The TRACE key is used to configure the data acquisition for measurement and the analysis of the
measurement data.

The R&S ESL is capable of displaying up to six different traces at a time in a diagram. A trace consists
of a maximum of 501 measurement points on the horizontal axis (frequency or time). If more measured
values than measurement points are available, several measured values are combined in one
measurement point.

The trace functions are subdivided as follows:

e Display mode of trace (Clear Write, View and Blank). For details on trace modes see "Trace mode
overview" on page 4.114.

e Evaluation of the trace as a whole (Average, Max Hold and Min Hold). For details on trace modes
see "Trace mode overview" on page 4.114. For details on averaging see "Description of the
averaging method" on page 4.115.

e Evaluation of individual measurement points of a trace. For details on detectors see "Detector
overview" on page 4.116.

To open the trace menu
» Press the TRACE key.

The trace menu is displayed. The Trace Configuration dialog box is displayed.

Menu and softkey description
"Softkeys of the trace menu" on page 4.117

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information

— "Trace mode overview" on page 4.114

— "Detector overview" on page 4.116

— "Description of the averaging method" on page 4.115

— "ASCII file export format" on page 4.122

Task

— To specify the trace settings

To specify the trace settings
1. Press the Trace 1 2 3 4 5 6 softkey to select the trace.

2. Press the Trace Mode softkey to select the trace mode for the selected trace (for details see "Trace
mode overview" on page 4.114).

3. Press the Detector Auto Select softkey for automatic detector selection or press the Detector
Manual Select softkey to select a detector (for details see "Detector overview" on page 4.116).

4. To change the sweep count setting, which also determines trace averaging, press the Sweep
Count softkey.
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To deactivate the reset of the traces in Min Hold and Max Hold mode after some specific
parameter changes, press the Hold/Cont softkey.

To copy a trace into another trace memory, press the Copy Trace softkey.

Upon copying, the contents of the selected memory are overwritten and the new contents are
displayed in the View mode.

To export the active trace in ASCII format:
— Press the More softkey.

— If necessary, press the Decim Sep softkey to change the decimal separator with floating—point
numerals.

— Press the ASCII File Export softkey to enter the ASCII file export name.

The active trace is saved in ASCII format on the flash disk or a USB device.

Trace mode overview

The traces can individually be activated for a measurement or frozen after completion of a
measurement. Traces that are not activated are hidden. Each time the trace mode is changed, the
selected trace memory is cleared.

The R&S ESL offers 6 different trace modes:

Clear Write

Overwrite mode: the trace is overwritten by each sweep. All available detectors can be selected.
This is the default setting.

Max Hold

The maximum value is determined over several sweeps and displayed. The R&S ESL saves the
sweep result in the trace memory only if the new value is greater than the previous one. The
detector is automatically set to Positive Peak.

This mode is especially useful with modulated or pulsed signals. The signal spectrum is filled up
upon each sweep until all signal components are detected in a kind of envelope.

Min Hold

The minimum value is determined from several measurements and displayed. The R&S ESL saves
for each sweep the smallest of the previously stored/currently measured values in the trace
memory. The detector is automatically set to Negative Peak.

This mode is useful e.g. for making an unmodulated carrier in a composite signal visible. Noise,
interference signals or modulated signals are suppressed whereas a CW signal is recognized by its
constant level.

Average

The average is formed over several sweeps. All available detectors can be selected. If the detector
is automatically selected, the sample detector is used. For details see also "Description of the
averaging method" on page 4.115.
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e View
The current contents of the trace memory is frozen and displayed.

If a trace is frozen, the instrument settings, apart from level range and reference level (see below),
can be changed without impact on the displayed trace. The fact that the trace and the current
instrument setting do not correspond any more is indicated by the enhancement label "*" at the left
edge of the grid.

If level range or reference level are changed, the R&S ESL automatically adapts the measured data
to the changed display range. This allows an amplitude zoom to be made after the measurement in
order to show details of the trace.

e Blank

Hides the selected trace.

Description of the averaging method

Averaging is carried out over the measurement points derived from the measurement samples. Several
measured values may be combined in a measurement point. This means that with linear level display
the average is formed over linear amplitude values. The sweep mode (continuous or single sweep, for
details see "Configuring the Sweep Mode — SWEEP Key" on page 4.102) and running averaging apply
to the average display analogously. In principle, two methods for calculating the average are used:
continuous averaging and averaging over the selected number of sweeps.

e sweep count>1
Depending on the relation of the following two parameters, two different situations exist:
n = number of sweeps performed since measurement start
¢ = sweep count (humber of sweeps forming one statistics cycle)
- n<c

In single sweep or continuous sweep mode during the first statistics cycle, averaging over the
selected number of sweeps is performed. The average trace n is calculated at each
measurement point according to:

Avg(n) :nT_lAvg(n—l)+%Curr(n) Equ. 4-1

with Avg = average trace; Curr = current trace

Until the first statistics cycle is completed (n < c), a preliminary average is displayed which
represents the arithmetic mean value over all measured sweeps. With n increasing, the
displayed trace is increasingly smoothed since there are more single sweeps for averaging.

When the first statistics cycle is completed (n = c), the average trace is saved in the trace
memory.

- n>c

In continuous sweep mode after the first statistics cycle, continuous averaging is performed.
The average trace n is calculated at each measurement point according to:

Avg(n) = CT_IAvg(n -1) +%Curr(n) Equ. 4-2

with Avg = average trace; Curr = current trace

In single sweep mode, the same formula holds true if the Continue Single Sweep softkey is
pressed.

e sweepcount=0
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In continuous sweep mode, a continuous average is calculated according to Equ. 4-3.
with ¢ = 10:

Avg(n) = % Avg(n—1)+ % Curr(n) Equ. 4-3

with Avg = average trace; Curr = current trace

Due to the weighting between the current trace and the average trace, past values have practically
no influence on the displayed trace after about ten sweeps. With this setting, signal noise is
effectively reduced without need for restarting the averaging process after a change of the signal.

e sweepcount=1

The current trace is displayed. No averaging is performed. This is a special case of Equ. 4—1 with
n=0.

Detector overview

The measurement detector for the individual display modes can be selected directly by you or set
automatically by R&S ESL. The detector activated for the specific trace is identified in the respective
trace display field in form of an abbreviation (for details see detector list).

The detectors of the R&S ESL are implemented as pure digital devices. They collect signal power data
within each measured point during a sweep. The default number of sweep points is 501. The following
detectors are available:

Detector Indicator | Function

auto peak detector Ap determines the maximum and the minimum value within a

(Auto Peak) measurement point

peak detector Pk determines the maximum value within a measurement point

(Positive Peak)

min peak detector Mi determines the minimum value within a measurement point

(Negative Peak)

sample detector Sa selects a random value within a measurement point

(Sample)

RMS detector (RMS) Rm determines the root mean square power within a
measurement point

average detector Av determines the linear average power within a measurement

(Average) point

quasi peak detector QP determines the quasipeak power within a measurement point

(Quasi Peak) for EMI measurements

CISPR RMS detector CR continously determines RMS values in combination with a

(CISPR RMS) linear average detector that includes an instrument time
constant.

CISPR AV detector CA determines linear average power by assigning an instrument

(CISPR AV) time constant.

The result obtained from the selected detector within a measurement point is displayed as the power
value at this measurement point.

All detectors work in parallel in the background, which means that the measurement speed is
independent of the detector combination used for different traces.
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Note: During a frequency sweep, R&S ESL increments the 1st local oscillator in steps that are smaller
than approximately 1/10 of the bandwidth. This makes sure that the oscillator step speed is
conforming to the hardware settling times and does not affect the precision of the measured

power.

The number of measured values taken during a sweep is independent of the number of
oscillator steps. It is always selected as a multiple or a fraction of 501 (= default number of trace
points displayed on the screen). Choosing less then 501 measured values (e.g. 125 or 251) will
lead to an interpolated measurement curve, choosing more than 501 points (e.g. 1001, 2001 ...)
will result in several measured values being overlaid at the same frequency position.

Softkeys of the trace menu

The following table shows all softkeys available in the trace menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

Menu / Command

Command

Trace 123456

Trace Mode ¥

Clear Write

Max Hold

Min Hold

Average

View

Blank

Detector Auto Select

Detector Manual Select %

Detector Auto Peak

Detector Positive Peak

Detector Negative Peak

Detector Sample

Detector RMS

More ¥

Detector Average

Detector Quasi Peak

Detector CISPR RMS

Detector CISPR AV

Sweep Count

Hold/Cont

More ¥

Trace 123456

Copy Trace

ASCII File Export

Decim Sep

Trace Math

Trace Math Position
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Trace123456

Selects the active trace (1, 2, 3, 4, 5, 6). The default setting is trace 1 in the overwrite mode (see
Clear Write mode), the other traces are switched off (see Blank mode).

= Remote: (selected via numeric suffix of : TRACe<1...6>)

Trace Mode

Opens a submenu to select the trace mode. For details see "Trace mode overview" on page
4.114.

Clear Write

Selects the Clear Write mode. For details see "Trace mode overview" on page 4.114.

= Remote: DISP: TRAC:MODE WRIT

Max Hold

Selects the Max Hold mode. For details see "Trace mode overview" on page 4.114.

= Remote: DISP: TRAC:MODE MAXH

Min Hold

Selects the Min Hold mode. For details see "Trace mode overview" on page 4.114.

= Remote: DISP: TRAC:MODE MINH

Average

Selects the Average mode. For details see "Trace mode overview" on page 4.114.

= Remote: DISP: TRAC:MODE AVER

View

Selects the View mode. For details see "Trace mode overview" on page 4.114.

= Remote: DISP: TRAC:MODE VIEW

Blank

Selects the Blank mode. For details see "Trace mode overview" on page 4.114.

= Remote: DISP: TRAC OFF
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Detector Auto Select

Selects the optimum detector for the selected trace and filter mode. This is the default setting.
For details see also "Detector overview" on page 4.116.

Trace mode Detector (band-pass filter) Detector (FFT filter)

Clear/Write Auto Peak Max Peak
Average Sample Sample

Max Hold Max Peak Max Peak
Min Hold Min Peak Max Peak

= Remote: DET:AUTO ON

Detector Manual Select

Opens a submenu to select the detector. For details see "Detector overview" on page 4.116.

Detector Auto Peak

Selects the Auto Peak detector. For details see "Detector overview" on page 4.116.

Detector Positive Peak

Selects the Positive Peak detector. For details see "Detector overview" on page 4.116.

= Remote: DET POS

Detector Negative Peak

Selects the Negative Peak detector. For details see "Detector overview" on page 4.116.

= Remote: DET NEG

Detector Sample

Selects the Sample detector. For details see "Detector overview" on page 4.116.

= Remote: DET SAMP

Detector RMS

Selects the RMS detector. For details see "Detector overview" on page 4.116.

= Remote: DET RMS

Detector Average

Selects the Average detector. For details see "Detector overview" on page 4.116.

= Remote: DET AVER
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Detector Quasi Peak

Selects the Quasi Peak detector. For details see "Detector overview" on page 4.116.

= Remote: DET QPE

Detector CISPR RMS

Selects the CISPR RMS detetctor. For details see "Detector overview" on page 4.116.

= Remote: DET CRMS

Detector CISPR AV

Selects the CISPR AV detector. For details see "Detector overview" on page 4.116.

= Remote: DET CAV

Sweep Count

Opens an edit dialog box to enter the number of sweeps used for averaging. Values from 0 to
32767 are allowed. The default setting is 0. The sweep count is applied to all the traces in a
diagram. The sweep count set in the trace menu is the same as that in the sweep menu (for
further details see Sweep Count softkey).

In the continuous sweep mode, the sweep count value determines the trace averaging:

— sweep count = 0: continuous averaging

— sweep count = 1: no averaging

— sweep count > 1: averaging over the selected number of sweeps; in the continuous sweep
mode averaging is performed until the set number of sweeps is attained and is then continued
as continuous averaging (see also "Description of the averaging method" on page 4.115).

= Remote: SWE:COUN 64

Hold/Cont

Switches on or off the reset of the traces in Min Hold, Max Hold and Average mode after some
specific parameter changes have been made. The default setting is off.

Normally, the measurement is started anew after parameter changes, before the measurement
results are evaluated (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.

= Remote: DISP: TRAC:MODE : HCON ON

Copy Trace

Opens an edit dialog box to enter the number of the trace memory, in which the currently
selected trace shall be copied.

= Remote: TRAC:COPY TRACE1, TRACE2
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ASCII File Export

Ld

-

Opens the ASCII File Export Name dialog box and saves the active trace in ASCII format to the
specified file and directory.

The file consists of the header containing important scaling parameters and a data section
containing the trace data. For details on an ASCII file see "ASCII file export format" on page
4.122.

This format can be processed by spreadsheet calculation programs, e.g. MS Excel. It is
necessary to define ';' as a separator for the data import. Different language versions of
evaluation programs may require a different handling of the decimal point. It is therefore possible
to select between separators '.' (decimal point) and ',' (comma) using the Decim Sep softkey.

Remote: FORM ASC
Remote: MMEM: STOR: TRAC 1, 'TRACE.DAT'

Decim Sep

-

Selects the decimal separator with floating—point numerals for the ASCII file export to support
evaluation programs (e.g. MS Excel) in different languages. The values "' (decimal point) and '’
(comma) can be set. For details see also ASCII File Export softkey.

Remote: FORM: DEXP:DSEP POIN

Trace Math

-

-

Opens the Trace Mathematics dialog box to define which trace is subtracted from trace 1. The
result is displayed in trace 1 and refers to the zero point defined with the Trace Math Position
softkey. The following substractions can be performed:

T1->T1-T2 Substracts trace 2 from trace 1.

T1—>T1-T3 Substracts trace 3 from trace 1

T1—>T1-T4 Substracts trace 4 from trace 1

T1—>T1-T5 Substracts trace 5 from trace 1

T1—>T1-T6 Substracts trace 6 from trace 1

If the Trace Math Off option is activated, the function is switched off (default setting).

Remote: CALC1 :MATH (TRACE1 - TRACE2)
Remote: CALC:MATH: STAT ON

Trace Math Position

-

Opens an edit dialog box to define the zero point in % of the diagram height. The range of
values extends from —100% to +200%.

Remote: CALC:MATH: POS 50PCT
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R&S ESL

ASCII file export format

The data of the file header consist of three columns, each separated by a semicolon: parameter name;
numeric value; basic unit. The data section starts with the keyword "Trace <n>" (<n> = number of
stored trace), followed by the measured data in one or several columns (depending on measurement)
which are also separated by a semicolon.

File contents: header

Description

Type;ESL;

Instrument model

Version;5.00;

Firmware version

Date;01.0ct 2006;

Date of data set storage

Mode;RECEIVER,;

Instrument mode

Center Freq;55000;Hz

Center frequency

Freq Offset;0;Hz

Frequency offset

Span;90000;Hz

Frequency range (0 Hz in zero span and statistics measurements)

x—Axis;LIN;

Scaling of x—axis linear (LIN) or logarithmic (LOG)

Start;10000;Hz
Stop;100000;Hz

Start/stop of the display range.

Unit: Hz for span > 0, s for span = 0, dBm/dB for statistics measurements

Ref Level;—30;dBm

Reference level

Level Offset;0;dB

Level offset

Ref Position;75;%

Position of reference level referred to diagram limits (0% = lower edge)

y—Axis;LOG;

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

Rf Att;20;dB

Input attenuation

RBW;100000;Hz

Resolution bandwidth

VBW;30000;Hz

Video bandwidth

SWT;0.005;s

Sweep time

Trace Mode;AVERAGE;

Display mode of trace: CLR/WRITE,AVERAGE,MAXHOLD,MINHOLD

Detector;AUTOPEAK;

Detector set: AUTOPEAK,MAXPEAK,MINPEAK,AVERAGE,RMS,SAMPLE,QUASIPEAK

Sweep Count;20;

Number of sweeps set

File contents:
data section of the file

Description

Trace 1:;; Selected trace

x—=Unit;Hz; Unit of x values: Hz with span > 0; s with span = 0; dBm/dB with statistics measurements

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; 501; Number of measurement points

10000;-10.3;-15.7
10180;-11.5;-16.9
10360;,-12.0;-17.4

Measured values: <x value>, <y1>, <y2>; <y2> being available only with detector
AUTOPEAK and containing in this case the smallest of the two measured values for a
measurement point.
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Measurement Functions

In this section all menus necessary for setting measurement functions are described. This includes the
following topics and keys:

e "Using Markers and Delta Markers — MKR Key" on page 4.124

e "Changing Settings via Markers — MKR—> Key" on page 4.136

e "Power Measurements — MEAS Key" on page 4.144

e "Using Limit Lines and Display Lines — LINES Key" on page 4.184
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The markers are used for marking points on traces, reading out measurement results and for quickly
selecting a display section. The R&S ESL provides four markers per trace.

Marker Active marker Temporary marker
M1 M3 T1
v
D2

Delta marker

Fig. 4-6: Marker types

All markers can be used either as markers or delta markers. The marker that can be moved by the user
is defined in the following as the active marker. Temporary markers are used in addition to the markers
and delta markers to evaluate the measurement results. They disappear when the associated function
is deactivated.

The measurement results of the active marker (also called marker values) are displayed in the marker
field. The marker field is located at the upper right corner of the display and shows the following:

e marker type (M1 in the example)
e trace in square brackets ([1] in the example)
e level (-33.09 dBm in the example)

e marker location (3 GHz in the example)

M1[1] -33.09 dBm
3.000000000 GHz

Fig. 4-7: Marker values

The MKR key is used to select and position the absolute and relative measurement markers (markers
and delta markers). In addition, the functions for frequency counter, fixed reference point for relative
measurement markers and enlargement of the measurement area are assigned to this key.

Also the following measurements can be carried out:

¢ Noise density (Noise Meas On/Off softkey; see also "Measurement of noise density" on page
4.127)

e Frequency measurement (Sig Count On/Off softkey; see also "Frequency measurement with the
frequency counter" on page 4.126)

e Filter or signal bandwidth (n dB down softkey)
e AF demodulation (Marker Demod softkey; see also "AF demodulation” on page 4.126)

For further information on markers see also "Changing Settings via Markers — MKR—> Key" on page
4.136.
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To open the marker menu
> Press the MKR key.

The marker menu is displayed. If no marker is active, marker 1 is activated and a peak search on
the trace is carried out. Otherwise, the edit dialog box for the last activated marker is opened and
the current frequency / time value is displayed.

Menu and softkey description
"Softkeys of the marker menu" on page 4.128

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information
— "AF demodulation" on page 4.126
"Frequency measurement with the frequency counter" on page 4.126

"Measurement of noise density" on page 4.127

Tasks
— To define the basic marker settings
— To set a fixed reference point (phase noise measurement)

— To set the demodulation mode and duration

To define the basic marker settings
1. Press the MKR key to open the marker menu.

Marker 1 is activated and positioned on the maximum value of the trace as normal marker. If
several traces are being displayed, the marker is set to the maximum value (peak) of the trace
which has the lowest number (1 to 3) and is not frozen (View mode). In case a marker is already
located there, it will be set to the frequency of the next lowest level (next peak).

2. To change to another trace, press the Marker to Trace softkey and enter the number of the trace
on which the marker is to be placed.

The marker changes to selected trace, but remains on the previous frequency or time. If a trace is
turned off, the corresponding markers and marker functions are also deactivated.

3. To switch on a delta marker, press the Marker 2 softkey.

Marker 2 is switched on as a delta marker. The frequency and level of marker 2 are displayed in
relation to marker 1 in the marker field.

4. To change the marker type of marker 2, press the IMarker Norm/Delta softkey.

Marker 2 becomes a normal marker. The frequency and level of marker 2 are displayed as absolute
values in the marker field.

5. To switch off marker 2, press the Marker 2 softkey again.

Marker 2 is deactivated. Marker 1 becomes the active marker for entry. The frequency and level of
marker 1 are displayed in the marker field.
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To set a fixed reference point (phase noise measurement)
1. Press the Phase Noise/Ref Fixed softkey.

The submenu with the Phase Noise On/Off softkey switched on is displayed. The level and
frequency or time values of marker 1 immediately become the reference point.

2. To set the maximum of the selected trace as reference point, press the Peak Search softkey.
3. To define the values for the reference point, proceed as follows:

— Press the Ref Point Level softkey and enter a reference level value.

— If span > 0, press the Ref Point Frequency softkey and enter a frequency reference value.

— If span = 0, press the Ref Point Time softkey and enter a reference time value.

To set the demodulation mode and duration
1. Press the Marker Demod softkey.

The submenu with the Mkr Demod On/Off softkey switched on is displayed.
2. To change the demodulation mode, press the AM or FM softkey.

For details see "AF demodulation" on page 4.126.

w

To modify the demodulation time for span > 0, press the Mkr Stop Time softkey.

»

To change to continuous demodulation for span > 0, press the Cont Demod softkey.

5. To tune the volume for acoustic monitoring, press the Volume softkey.

AF demodulation

The R&S ESL provides demodulators for AM and FM signals. With these demodulators, a displayed
signal can be identified acoustically by using headphones.

CAUTION Risk of hearing damage

Check the volume setting carefully before putting on the headphones in order to
protect your hearing.

For span > 0, the demodulation is not continuous. The frequency at which the demodulation takes place
is set by the active marker. If the level of the selected frequency is above the threshold line, the sweep
stops for the selected time (stop time) and the RF signal is demodulated. For span = 0, the
demodulation is continuously active irrespective of the stop time set.

Frequency measurement with the frequency counter

In order to accurately determine the frequency of a signal, the R&S ESL is equipped with a frequency
counter which measures the frequency of the RF signal at the intermediate frequency. Using the
measured IF, the R&S ESL calculates the frequency of the RF input signal by applying the known
frequency conversion factors.

The frequency measurement uncertainty depends only upon the accuracy of the frequency reference
used (external or internal reference). Although the R&S ESL always operates synchronously
irrespective of the set span, the frequency counter delivers a more exact result than a measurement
performed with a marker. This is due to the following:
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e The marker measures only the position of the point on the trace and infers from this value the signal
frequency. The trace, however, contains only a limited number of points. Depending upon the
selected span, each point may contain many measurement values, which therefore limits the
frequency resolution.

e The resolution, with which the frequency can be measured with a marker, is dependant on the
selected resolution bandwidth which in return affects the necessary measurement time. For this
reason, the bandwidth is normally made as wide as possible and the sweep time as short as
possible. This results in a loss of frequency resolution.For the measurement with the frequency
counter, the sweep is stopped at the reference marker, the frequency is counted with the desired
resolution and then the sweep is allowed to continue.

Measurement of noise density

During noise measurement, the noise power density is measured at the position of the marker. For
span = 0, all points of the trace are used to determine the noise power density. For span > 0, two points
to the right and left of the marker are used for the measurement to obtain a stable result.

The noise power density is indicated in the marker field. With logarithmic amplitude units (dBm, dBmV,
dBmuV, dBuA), the noise power density is output in dBm/Hz, i.e. as level in 1 Hz bandwidth with
reference to 1 mW. With linear amplitude units (V, A, W), the noise voltage density is evaluated in
MV/Hz, the noise current density in uA/Hz or the noise power density in yW/Hz.

In the default setting, the R&S ESL uses the sample detector for the noise function.

With the sample detector, the trace can additionally be set to Average to stabilize the measured values.
With RMS detector used, trace averaging must not be used since in this case it produces too low noise
levels which cannot be corrected. Instead, the sweep time can be increased to obtain stable
measurement results.

The following settings have to be made to ensure that the power density measurement yields correct
values:

e Detector: Sample or RMS

e Video bandwidth:
< 0.1 resolution bandwidth with sample detector
> 3 x resolution bandwidth with RMS detector

e Trace averaging:

With the sample detector, the trace can additionally be set to average to stabilize the measured
values. With RMS detector used, trace averaging must not be used since in this case it produces
too low noise levels which cannot be corrected. Instead, the sweep time can be increased to obtain
stable measurement results.

The R&S ESL uses the following correction factors to evaluate the noise density from the marker level:

e Since the noise power is indicated with reference to 1 Hz bandwidth, the bandwidth correction value
is deducted from the marker level. It is 10 x Ig (1 HzZ/BWNoise), where BWNoise is the noise or
power bandwidth of the set resolution filter (RBW).

e RMS detector: With the exception of bandwidth correction, no further corrections are required since
this detector already indicates the power with every point of the trace.

e Sample detector: As a result of video filter averaging and trace averaging, 1.05 dB is added to the
marker level. This is the difference between the average value and the RMS value of white noise.
With a logarithmic level axis, 1.45 dB is added additionally. Logarithmic averaging is thus fully taken
into account which yields a value that is 1.45 dB lower than that of linear averaging.
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e To allow a more stable noise display the adjacent (symmetric to the measurement frequency) points
of the trace are averaged.

e For span > 0, the measured values are averaged versus time (after a sweep).

Note: The R&S ESL noise figure can be calculated from the measured power density level. It is
calculated by deducting the set RF attenuation (RF Att) from the displayed noise level and
adding 174 to the result.

Softkeys of the marker menu

The following table shows all softkeys available in the marker menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

Menu / Command Submenu / Command Command

Marker 1

Marker 2

Marker Norm/Delta

Noise Meas On/Off

Phase Noise/Ref Fixed ¥ Phase Noise On/Off

Ref Point Level

Ref Point Frequency/
Ref Point Time

Peak Search

Phase Noise 1234 A

Reference Fixed ¥ Reference Fixed On/Off

Ref Point Level

Ref Point Frequency/
Ref Point Time

Peak Search

Sig Count On/Off

More ¥

Marker 3

Marker 4

Marker to Trace

Marker Demod ¥ Mkr Demod On/Off
AM
FM
Mkr Stop Time
Cont Demod
Volume

n dB down

All Marker Off
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Menu / Command Submenu / Command Command

More ¥

Marker Zoom

Marker Peak List % New Search

Sort Mode Freq/Lvl

Peak Excursion

Left Limit

Right Limit

Threshold

More &

Peak List Off

Threshold

ASCI!I File Export

Decim Sep

Marker Stepsize ¥ Stepsize Standard

Stepsize Sweep Points

Marker 1/Marker 2/Marker 3/Marker 4/Marker Norm/Delta

The Marker <no> softkey activates the corresponding marker and opens an edit dialog box to
enter a value for the marker to be set to. Pressing the softkey again deactivates the selected
marker.

If a marker value is changed using the rotary knob, the step size is defined via the Stepsize
Standard or Stepsize Sweep Points softkeys.

Marker 1 is always the reference marker for relative measurements. If activated, markers 2 to 4
are delta markers that refer to marker 1. These markers can be converted into markers with
absolute value display by means of the Marker Norm/Delta softkey. If marker 1 is the active
marker, pressing the Marker Norm/Delta softkey switches on an additional delta marker.

Remote: CALC:MARK ON
Remote: CALC:MARK:X <value>
Remote: CALC:MARK:Y?

Remote: CALC:DELT ON
Remote: CALC:DELT:X <value>
Remote: CALC:DELT:X:REL?
Remote: CALC:DELT:Y?

111 1111
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Noise Meas On/Off

Switches the noise measurement for the active marker on or off. The corresponding marker
becomes the normal marker. For more details on noise measurement see "Measurement of
noise density" on page 4.127.

= Remote: CALC:MARK:FUNC:NOIS ON
= Remote: CALC:MARK:FUNC:NOIS:RES?

Phase Noise/Ref Fixed

The function of this softkey depends on the setting of the Noise Meas softkey:
— Noise Meas On: activates phase noise measurements.

— Noise Meas Off: freezes the current position of marker 1 as a reference for relative
measurements. Additionally it opens a submenu to set all values of a reference point. Instead of
using the current values of the reference marker (marker 1) as reference point for the delta
markers, level and frequency or time are set to fixed values and used as reference point.

Phase Noise On/Off

Switches the relative measurement to a fixed reference value on or off. The level and frequency
or time values of marker 1 immediately become the reference point, but can be altered using the
corresponding softkeys (Ref Point Level, Ref Point Frequency, Ref Point Time and Peak
Search).

= Remote: CALC:DELT2:FUNC:FIX ON

Ref Point Level

Opens an edit dialog box to enter a reference level value. All relative level values of the delta
markers refer to this reference level.

= Remote: CALC:DELT2:FUNC:FIX:RPO:Y -10dBm

Ref Point Frequency (span > 0) / Ref Point Time (zero span)

Opens an edit dialog box to enter a frequency reference or time value. All relative frequency or
time values of the delta markers refer to this frequency reference. For phase noise
measurement, input of reference time is not possible..

= Remote: CALC:DELT2:FUNC:FIX:RPO:X 10.7MHz
= Remote: CALC:DELT2:FUNC:FIX:RPO:X 5MS

Peak Search

Sets the maximum value of the selected trace as the reference point.

= Remote: CALC:DELT: FUNC:FIX:RPO:MAX
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Phase Noise 1234 4

Selects the normal marker or the delta markers, activates the marker and opens an edit dialog
box to enter a value for the marker to be set to. 4 stands for delta marker 1.

Reference Fixed

Opens a submenu for relative measurement to a fixed reference value.

Reference Fixed On/Off

Switches the relative measurement to a fixed reference value on or off. The level and frequency
or time values of marker 1 immediately become the reference point, but can be altered using the
corresponding softkeys (Ref Point Level, Ref Point Frequency, Ref Point Time and Peak
Search).

= Remote: CALC:DELT2:FUNC:FIX ON

Sig Count On/Off

Switches the frequency counter on/off. The frequency is counted at the position of the reference
marker (marker 1). If no marker is activated, marker 1 is switched on and set at the largest
signal.

The sweep stops at the reference marker until the frequency counter has delivered a result. The
result is displayed in the marker field (see "Fig. 4-7: Marker values" on page 4.124), labeled with
[Tx CNT]. For more details see "Frequency measurement with the frequency counter" on page
4.126.

= Remote: CALC:MARK1 :COUN ON
= Remote: CALC :MARK:COUN: FREQ?

Marker to Trace

Opens an edit dialog box to enter the number of the trace, on which the marker is to be placed.

= Remote: CALC:MARKI1:TRAC 1
= Remote: CALC:DELT:TRAC 1

Marker Demod

Opens a submenu to set the demodulation mode and duration. For more details see also "AF
demodulation" on page 4.126.

Mkr Demod On/Off

Switches the demodulation on/off. For more details see also "AF demodulation" on page 4.126.

= Remote: CALC:MARK1 : FUNC:DEM ON
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AM

Sets AM as demodulation mode. This is the default setting. For more details see also "AF
demodulation" on page 4.126.

= Remote: CALC:MARK] : FUNC:DEM: SEL AM

FM

Sets FM as demodulation mode. Default setting is AM. For more details see also "AF
demodulation" on page 4.126.

= Remote: CALC:MARK] : FUNC:DEM: SEL FM

Mkr Stop Time

Opens an edit dialog box to enter the demodulation stop time for span > 0. For more details see
also "AF demodulation" on page 4.126.

= Remote: CALC:MARK1 : FUNC:DEM: HOLD 3s

Cont Demod (span > 0)

Switches the continuous demodulation on or off. If the sweep time is long enough, the set
frequency range can be monitored acoustically. For more details see also "AF demodulation" on
page 4.126.

= Remote: CALC:MARK1 : FUNC: DEM: CONT ON

Volume

Opens an edit dialog box to regulate the volume for acoustic monitoring. For more details see
also "AF demodulation" on page 4.126.

= Remote: SYST:SPE:VOL 0.5

n dB down

Opens an edit dialog box to enter a value to define the level spacing of the two temporary
markers to the right and left of marker 1 (default setting: 3 dB). Activates the temporary markers
T1 and T2. The values of the temporary markers (T1, T2) and the entered value (ndB) are
displayed in the marker field.

If a positive value is entered, the markers T1 and T2 are placed below the active reference
marker. If a negative value (e.g. for notch filter measurements) is entered, the markers T1 and
T2 are placed above the active reference marker. Marker T1 is placed to the left and marker T2
to the right of the reference marker.

In the marker field, the following results are displayed:

Span setting Parameter name Description

span >0 Bw frequency spacing of the two temporary markers
Q factor quality of the displayed bandwidth value (Bw)

span =0 Pwid pulse width between the two temporary markers
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If it is not possible to form the frequency spacing for the n dB value (e.g. because of noise
display), dashes instead of a measured value are displayed.

Remote: CALC :MARK1 : FUNC:NDBD:STAT ON
Remote: CALC:MARK1 : FUNC:NDBD 3dB

Remote: CALC :MARK1 : FUNC:NDBD:RES?

Remote: CALC :MARK: FUNC :NDBD: QFAC?

Remote: CALC:MARK1 : FUNC:NDBD: FREQ? (span > 0)
Remote: CALC:MARK1 : FUNC:NDBD: TIME? (span = Q)

11 v

All Marker Off

Switches all markers off.

= Remote: CALC:MARK:AOFF

Marker Zoom (span > 0)

Opens an edit dialog box to enter a display range for the zoom. The area around marker 1 is
expanded accordingly and more details of the spectrum can be seen. If no marker is activated,
marker 1 is switched on and set on the largest signal..

The following sweep is stopped at the position of the reference marker. The frequency of the
signal is counted and the measured frequency becomes the new center frequency. The zoomed
display range is then configured and the new settings are used by the R&S ESL for further
measurements.

As long as switching to the new frequency display range has not yet taken place, pressing the
softkey will abort the procedure. If an instrument setting is changed while using this function, the
procedure is aborted.

= Remote: CALC:MARK1 : FUNC:ZOOM 1kHz

Marker Peak List

Opens the Peak List dialog box and a submenu to define criterias for the sort order and the
contents of the peak list. The number of listed peaks is indicated in the title bar. For all listed
peaks the frequency and level values are given. Maximal 50 entries are listed.

= Remote: CALC :MARK:FUNC: FPE:COUN?
= Remote: CALC:MARK:FUNC:FPE:X?
= Remote: CALC:MARK:FUNC:FPE:Y?

New Search

Starts a new peak search and enters the results in the peak list.

= Remote: CALC:MARK:FUNC:FPE 3
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Sort Mode Freq/Lvl

Defines the criteria for sorting:

Freq sorting in ascending order of frequency values (span > 0) or time
values (span = 0)

Lvl sorting in ascending order of the level

= Remote: CALC:MARK:FUNC:FPE:SORT Y

Peak List Off

Switches the peak list function off.

ASCII File Export

Opens the ASCII File Export Name dialog box and saves the content of the marker peak list in
ASCII format to the specified file and directory. The file consists of a data section containing the
peak list.

Example:
Peak;1
1089743590;Hz
—105.24;dBm

This format can be processed by spreadsheet calculation programs, e.g. MS Excel. It is
necessary to define ';' as a separator for the data import. Different language versions of
evaluation programs may require a different handling of the decimal point. It is therefore possible
to select between separators '.' (decimal point) and ',' (comma) using the Decim Sep softkey.

= Remote: FORM ASC
= Remote: MMEM: STOR: PEAK 'test'

Decim Sep

For details refer to the Decim Sep softkey in the trace menu of the base unit.

Marker Stepsize

Opens a submenu to set the step size of all markers and delta markers.

Stepsize Standard

Moves the marker or delta marker from one measurement point to the next, if the marker or
delta marker value is changed via the rotary knob (Marker 1/Marker 2/Marker 3/Marker 4
softkeys). If more measured values than measurement points exist, it is not possible to read out
all measured values. In this case, use the Stepsize Sweep Points softkey.

= Remote: CALC:MARK:X:SSIZ STAN
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Stepsize Sweep Points

Moves the marker or delta marker from one measured value to the next, if the marker or delta
marker value is changed via the rotary knob (Marker 1/Marker 2/Marker 3/Marker 4 softkeys). If
more measured values than measurement points exist, every single measured value is
accessible and its value is displayed in the marker field.

The number of measured values is defined in the sweep menu via the Sweep Points softkey.

This functionality is available for all base unit measurements with the exception of statistics
(APD and CCDF softkeys in the measurement menu).

= Remote: CALC:MARK:X:SSIZ POIN
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Changing Settings via Markers — MKR—> Key

The MKR-> key is used for search functions of measurement markers, assignment of the marker
frequency as center frequency, restriction of the search area and characterization of maxima and
minima. For details on markers in general, see "Using Markers and Delta Markers — MKR Key" on page
4.124.

To open the marker—> menu
» Press the MKR—> key.

The marker—> menu is displayed. If no marker is active, marker 1 will be activated and a peak
search on the trace carried out. Otherwise, the edit dialog box for the last activated marker is
opened and the current frequency / time value is displayed.

Menu and softkey description
"Softkeys of the marker—> menu" on page 4.140

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information

— "Effect of different peak excursion settings (example)" on page 4.138

Tasks

— To search for a maximum

— To search for a minimum

— To specify the search limits

— To specify the search range

— To examine a signal at the center in detail

— To specify the suitable peak excursion

To search for a maximum
1. To search the highest maximum, press the Peak softkey.
2. To define the search mode for the next maximum, use the Next Peak Mode < abs > softkey.

3. To start the search, press Next Peak the softkey.

To search for a minimum
1. To search the minimum, press the Min softkey.
2. To define the search mode for the next maximum, use the Next Min Mode < abs > softkey.

3. To start the search, press the Next Min softkey.
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specify the search limits

To define the lower limit, press the Left Limit softkey.
To define the upper limit, press the Right Limit softkey.
To define the threshold, press the Threshold softkey.

To switch the search limits off, press the Search Lim Off softkey.

specify the search range

Press the Exclude LO softkey to include the frequency 0 Hz in the marker search functions.

examine a signal at the center in detail

Press the PRESET key to set the R&S ESL to the default setting.
Press the MKR—> key to open the marker—> menu.

Marker 1 is activated and set to the largest signal of the trace.
Press the Center =Mkr Freq softkey to set to the marker frequency.

The span is adapted in such a way that the minimum frequency (= 0 Hz) or the maximum frequency
is not exceeded.

Press the Ref Lvl =Mkr Lvl softkey to set the reference level to the measured marker level.
Press the SPAN key.
The edit dialog box to enter a frequency span is displayed.

Reduce the span, e.g. using the rotary knob.

To specify the suitable peak excursion

1.

If the next peak mode abs of softkey Next Peak Mode < abs >/ Next Min Mode < abs > is used,
the default value is sufficient, since, in this mode, the next lower maximum or next higher minimum
will always be detected.

If the next peak mode < or > of softkey Next Peak Mode < abs >/ Next Min Mode < abs > is used,
the 6 dB level change set as a default value may be attained already by the inherent noise of the
instrument. To avoid identifying noise peaks as maxima or minima, enter a peak excursion value
that is higher than the difference between the highest and the lowest value measured for the
displayed inherent noise.
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Effect of different peak excursion settings (example)

The following figure shows a trace to be examined.

-11.06 dBm
27.154880000 MHz

CF 27.105 MH=z SPAN 430.0 kHz

Fig. 4-8: Trace example

The following table lists the signals as indicated by the marker numbers in the diagram above, as well
as the minimum of the amplitude decrease to both sides of the signal:

signal # | min. amplitude decrease to both sides of the signal
1 30dB

2 29.85 dB

3 7 dB

4 7 dB

The detected signals and their order are different depending on the peak excursion setting and the peak
search method (whether the next lower maximum or the next relative maximum are searched). The
following results are obtained. All tests start with the marker set to signal 1 by pressing the softkey
Peak.
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e 40 dB peak excursion

Result: With both methods apart from signal 1 no signal is detected, as the signal level does not
decrease by more than 30 dB to either side of any signal.

next lower maximum next relative maximum
next peak mode abs: signal 1 next peak mode <: signal 1
(no further signal detected) (no further signal detected)

next peak mode >: signal 1
(no further signal detected)

e 20 dB peak excursion

Result: With both methods apart from signal 1 signal 2 is detected, as the signal level decreases at
least by 29.85 dB to either side of this signal, which is now greater than the peak excursion.

next lower maximum next relative maximum

next peak mode abs: signal 2 next peak mode <: signal 1
(no further signal detected)

next peak mode abs: signal 2 next peak mode >: signal 2
(no further signal detected)

next peak mode >: signal 2
(no further signal detected)

e 6 dB peak excursion

Result: With both methods all signals are detected.

next lower maximum next relative maximum
next peak mode abs: signal 2 next peak mode <: signal 3
next peak mode abs: signal 3 next peak mode >: signal 1
next peak mode abs: signal 4 next peak mode >: signal 2
next peak mode >: signal 4
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Softkeys of the marker—> menu

The following table shows all softkeys available in the marker—> menu. It is possible that your
instrument configuration does not provide all softkeys. If a softkey is only available with a special option,
model or (measurement) mode, this information is delivered in the corresponding softkey description.

Menu / Command Command

Select 1234 4

Peak

Next Peak

Next Peak Mode < abs >

Center =Mkr Freq

Ref Lvl =Mkr Lvl

More ¥

Select 1234 4

Min

Next Min

Next Min Mode < abs >

Search Limits ¥ Left Limit

Right Limit

Threshold

Search Lim Off

Peak Excursion

More ¥

Exclude LO

Auto Max Peak/Auto Min Peak

Select1234 4

Selects the normal marker or the delta markers, activates the marker and opens an edit dialog
box to enter a value for the marker to be set to. 4 stands for delta marker 1.

= Remote: CALC:MARK1 ON
= Remote: CALC:MARK1:X <value>
= Remote: CALC:MARK1:Y?

Peak

Sets the active marker/delta marker to the highest maximum of the trace.

= Remote: CALC :MARK : MAX
= Remote: CALC:DELT : MAX
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Next Peak

Sets the active marker/delta marker to the next maximum of the selected trace according to the
mode selected using the Next Peak Mode < abs > softkey.

Next Peak Mode < abs >

Selects the mode of the Next Peak softkey. Three settings are available:
< Sets the active marker/delta marker to the next maximum left to the marker of the
selected trace.

abs Sets the active marker/delta marker to the next lower maximum of the selected
trace.

> Sets the active marker/delta marker to the next maximum right to the marker of the
selected trace.

Remote: CALC:MARK:MAX: LEFT (>)
Remote: CALC:DELT :MAX: LEFT (<)
Remote: CALC :MARK:MAX :RIGH (>)
Remote: CALC:DELT : MAX :RIGH (>)
Remote: CALC : MARK : MAX : NEXT (abs)
Remote: CALC: DELT : MAX : NEXT (abs)

111111

Center =Mkr Freq (span > 0)

Sets the center frequency to the current marker or delta marker frequency. A signal can thus be
set to as center frequency, for example to examine it in detail with a smaller span.

Remote: CALC:MARK: FUNC : CENT

Ref Lvl =Mkr Lvl

Sets the reference level to the current marker level.

= Remote: CALC:MARK:FUNC:REF

Min

Sets the active marker/delta marker to the minimum of the selected trace.

= Remote: CALC:MARK:MIN
= Remote: CALC:DELT:MIN

Next Min

Sets the active marker/delta marker to the next minimum of the selected trace according to the
mode selected using the Next Min Mode < abs > softkey.

= Remote: CALC:MARK:MIN:NEXT
= Remote: CALC:DELT :MIN:NEXT

1300.5053.12 4.141 E-2



Changing Settings via Markers — MKR-> Key R&S ESL

Next Min Mode < abs >

Selects the mode of the Next Min softkey. Three settings are available:

< Sets the active marker/delta marker to the next minimum left to the marker of the
selected trace.

abs Sets the active marker/delta marker to the next higher minimum of the selected
trace.

> Sets the active marker/delta marker to the next minimum right to the marker of the
selected trace.

= Remote: CALC:MARK:MAX:LEFT
= Remote: CALC:DELT:MAX:LEFT

Search Limits

Opens a submenu to set the limits for maximum or minimum search in the x and y direction.

= Remote: CALC:MARK:X:SLIM ON

Left Limit

Opens an edit dialog box to enter a value for the lower limit (left vertical line: S1 for span > 0; T1
for zero span). The search is performed between the lines of the left and right limit (see also
Right Limit softkey).

= Remote: CALC:MARK:X:SLIM:LEFT 1MHZ

Right Limit

Opens an edit dialog box to enter a value for the upper limit (left vertical line: S2 for span > 0; T2
for zero span). The search is performed between the lines of the left and right limit (see also Left
Limit softkey). If no value is set, the upper limit corresponds to the stop frequency.

= Remote: CALC:MARK:X:SLIM:RIGH 10MHZ

Threshold

Opens an edit dialog box to define the threshold line. The threshold line represents the lower
level limit for a Peak search and the upper level limit for a Min search.

Opens an edit dialog box to define the threshold line. The threshold line represents the lower
limit of the peak search level range.

= Remote: CALC: THR -20dBm
= Remote: CALC: THR ON

Search Lim Off

Deactivates all limits of the search range.

= Remote: CALC:MARK:X:SLIM OFF
= Remote: CALC: THR:STAT OFF
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Peak Excursion

Opens — for level measurements — an edit dialog box to enter the minimum level value by which
a signal must rise or fall so that it will be identified as a maximum or a minimum by the search
functions. Entries from 0 dB to 80 dB are allowed; the resolution is 0.1 dB. The default setting for
the peak excursion is 6 dB.

For details see also "To specify the suitable peak excursion" on page 4.137 and "Effect of
different peak excursion settings (example)" on page 4.138.

= Remote: CALC:MARK: PEXC 10dB

Exclude LO

Switches the frequency range limit for the marker search functions on or off.

activated minimum frequency > 6 x resolution bandwidth (RBW)

Because of the interference by the first local oscillator to the first
intermediate frequency at the input mixer, the LO is represented as a
signal at 0 Hz. To avoid the marker jumping to the LO at 0 Hz with the
peak function when setting the display range, this frequency is
excluded.

deactivated no restriction to the search range. The frequency 0 Hz is included in
the marker search functions.

= Remote: CALC:MARK:LOEX ON

Auto Max Peak / Auto Min Peak

Adds an automatic peak search action for marker 1 at the end of each particular sweep. This
function may be used during adjustments of a device under test to keep track of the actual peak
marker position and level.

The actual marker search limit settings (Left Limit, Right Limit, Threshold, Exclude LO
softkeys) are taken into account.

= Remote: CALC:MARK:MIN:AUTO ON
= Remote: CALC:MARK:MAX:AUTO ON
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Power Measurements — MEAS Key

With its power measurement functions, the R&S ESL is able to measure all the necessary parameters
with high accuracy in a wide dynamic range.

A modulated carrier is almost always used (except e.g. SSB—AM) for high—frequency transmission of
information. Due to the information modulated upon the carrier, the latter covers a spectrum which is
defined by the modulation, the transmission data rate and the signal filtering. Within a transmission
band each carrier is assigned a channel taking into account these parameters. In order to ensure error—
free transmission, each transmitter must be conforming to the specified parameters. These include
among others:

e the output power
e the occupied bandwidth, i.e. the bandwidth which must contain a defined percentage of the power
e the power dissipation allowed in the adjacent channels

The MEAS key is used for complex measurement functions as power measurements, occupied
bandwidth, signal statistic, carrier to noise spacing, AM modulation depth, third—order intercept point,
harmonics and spurious emissions. For measurement examples refer to chapter "Advanced
Measurement Examples" and to the Quick Start Guide, chapter 5, "Basic Measurement Examples".

The following measurements can be performed:

e Power in zero span (Time Domain Power softkey; for details see "Power measurement in zero
span" on page 4.146)

e Channel power and adjacent—channel power with span > 0 and with a single or several carriers
(CP, ACP, MC-ACP softkey)

e Occupied bandwidth (OBW softkey, for details see "Measurement of occupied bandwidth" on page
4.147)

e Carrier-to—noise ratio (C/N, C/No softkey)

e Amplitude probability distribution (APD and CCDF softkeys, for details refer to hapter "Advanced
Measurement Examples"”, "Amplitude Distribution Measurement")

e Modulation depth (AM Mod Depth softkey)

e 3rd order intercept (TOI softkey, for details refer to chapter "Advanced Measurement Examples”,
"Intermodulation Measurements")

To open the power measurement menu
» Press the MEAS key.

The power measurement menu is displayed.

Menu and softkey description
"Softkeys of the power measurement menu" on page 4.155

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".
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Further information

"Power measurement in zero span" on page 4.146

"Measurement of occupied bandwidth" on page 4.147

"Predefined CP / ACP standards" on page 4.148

"Settings of CP / ACP test parameters" on page 4.149

"Ranges and range settings" on page 4.150

"Provided XML files for the Spectrum Emission Mask measurement" on page 4.151
"Format description of Spectrum Emission Mask XML files" on page 4.152

"ASCII file export format (Spectrum Emission Mask)" on page 4.154

Tasks

To measure the power in zero span
To set the channel configuration

To measure the occupied bandwidth
To measure signal statistics

To measure the carrier—to—noise ratio

To measure the power in zero span

1.

Press the Time Domain Power softkey to activate the power measurement.
The corresponding submenu is displayed.

To limit the power evaluation range, switch on the limits (Limits On/Off softkey) and enter the limits
by using the Left Limit and Right Limit softkeys.

Select the type of power measurement by using the Mean or RMS softkey. (RMS or mean power),
the settings for max hold and averaging as well as the definition of limits.

To calculate and display the peak value, press the Peak softkey.

To calculate and display the standard deviation from the mean value, press the Std Dev softkey.

To set the channel configuration

1.

Press the CP, ACP, MC-ACP softkey to active channel or adjacent—channel power measurement.
The corresponding submenu is displayed.

To use a predefined standard for measurement, press the CP / ACP Standard softkey (for details
on available standards see "Predefined CP / ACP standards" on page 4.148).

To configure the parameters independently of the predefined standards, press the CP / ACP
Config softkey (for details see "Settings of CP / ACP test parameters" on page 4.149).

To enter the sweep time, press the Sweep Time softkey.
To display the whole diagram, press the Full Size Diagram softkey.

To adjust the reference level to the measured channel power, press the Adjust Ref Level softkey.
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To measure the occupied bandwidth

1. Press the OBW softkey to activate the measurement of the occupied bandwidth (for details see also
"Measurement of occupied bandwidth" on page 4.147).

The corresponding submenu is displayed.
Press the % Power Bandwidth softkey to enter the percentage of power.

To change the channel bandwidth for the transmission channel, press the Channel Bandwidth
softkey.

4. To optimize the settings for the selected channel configuration, press the Adjust Settings softkey
(for details see also "Settings of CP / ACP test parameters" on page 4.149).

5. To adjust the reference level to the measured total power after the first sweep, press the Adjust
Ref Level softkey.

To measure signal statistics

e To activate and configure the measurement of the amplitude probability distribution (APD), press
the APD softkey (for details refer to chapter "Advanced Measurement Examples", "Amplitude
Distribution Measurement").

The corresponding submenu is displayed.

e To activate and configure the measurement of the complementary cumulative distribution (CCDF),
press the CCDF softkey (for details refer to hapter "Advanced Measurement Examples", "Amplitude
Distribution Measurement").

The corresponding submenu is displayed.

To measure the carrier-to—noise ratio

1. Press the CIN, C/No softkey to configure the carrier—to—noise ratio measurement.
The corresponding submenu is displayed.
To activate the measurements without reference to the bandwidth, press the C/N softkey.
To activate the measurements with reference to the bandwidth, press the C/No softkey.

To change the channel bandwidth for the transmission channel, press the Channel Bandwidth
softkey.

5. To optimize the settings for the selected channel configuration, press the Adjust Settings softkey
(for details see also "Settings of CP / ACP test parameters" on page 4.149).

Power measurement in zero span

With the aid of the power measurement function, the R&S ESL determines the power of the signal in
zero span by summing up the power at the individual measurement points and dividing the result by the
number of measurement points. In this way it is possible to measure for example the power of TDMA
signals during transmission or during the muting phase. Both the mean power and the RMS power can
be measured by means of the individual power values.

The result is displayed in the marker field. The measured values are updated after each sweep or
averaged over a user—defined number of sweeps in order to determine e.g. the mean power over
several bursts. For determination of the peak value the maximum value from several sweeps is
displayed.
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If both the on and off phase of a burst signal are displayed, the measurement range can be limited to
the transmission or to the muting phase with the aid of vertical lines. The ratio between signal and noise
power of a TDMA signal for instance can be measured by using a measurement as a reference value
and after that varying the measurement range.

Upon switching on power measurement the sample detector is activated.

Measurement of occupied bandwidth

An important characteristic of a modulated signal is its occupied bandwidth. In a radio communications
system for instance the occupied bandwidth must be limited to enable distortion—free transmission in
adjacent channels. The occupied bandwidth is defined as the bandwidth containing a defined
percentage of the total transmitted power. A percentage between 10% and 99.9% can be set.

The measurement principle is the following: The bandwidth containing 99% of the signal power is to be
determined, for example. The routine first calculates the total power of all displayed points of the trace.
In the next step, the points from the right edge of the trace are summed up until 0.5% of the total power
is reached. Auxiliary marker 1 is positioned at the corresponding frequency. Then the points from the
left edge of the trace are summed up until 0.5% of the power is reached. Auxiliary marker 2 is
positioned at this point. 99% of the power is now between the two markers. The distance between the
two frequency markers is the occupied bandwidth which is displayed in the marker field.

To ensure correct power measurement, especially for noise signals, and to obtain the correct occupied
bandwidth, the following prerequisites and settings are necessary:

e Only the signal to be measured is displayed on the screen. An additional signal would falsify the
measurement.

e RBW << occupied bandwidth
(approx. 1/20 of occupied bandwidth, for voice communication type 300 Hz or 1 kHz)

e VBW > 3 xRBW
e RMS detector
e Span > 2 to 3 x occupied bandwidth

Some of the measurement specifications (e.g. PDC, RCR STD-27B) require measurement of the
occupied bandwidth using a peak detector. The detector setting of the R&S ESL has to be changed
accordingly then.
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R&S ESL

Predefined CP / ACP standards

The test parameters for the channel and adjacent—-channel measurements are set according to the

mobile radio standard. The available standards are listed below.

Parameter

Standard

CDMA2000

CDMA 2000

CDMA IS95A FWD

CDMA IS95A forward

CDMA IS95A REV

CDMA IS95A reverse

CDMA IS95C Class 0 FWD

CDMA 1S95C Class 0 forward

CDMA 1S95C Class 0 REV

CDMA 1S95C Class 0 reverse

CDMA IS95C Class 1 FWD

CDMA 1S95C Class 1 forward

CDMA IS95C Class 1 REV

CDMA IS95C Class 1 reverse

CDMA J-STD008 FWD

CDMA J-STDO008 forward

CDMA J-STDO008 REV

CDMA J-STDO008 reverse

CDPD CDPD
NADC IS136 NADC 1S136
PDC PDC

PHS PHS

RFID 14443 RFID 14443

TD-SCDMA FWD

TD-SCDMA forward

TD-SCDMA REV

TD-SCDMA reverse

TETRA

TETRA

W-CDMA 3GPP FWD

W-CDMA 3.84 MHz forward

W-CDMA 3GPP REV

W-CDMA 3.84 MHz reverse

WIBRO

WIBRO

WIMAX

WIMAX

WLAN 802.11A

WLAN 802.11A

WLAN 802.11B

WLAN 802.11B

Note: Forthe R&S ESL, the channel spacing is defined as the distance between the center frequency
of the adjacent channel and the center frequency of the transmission channel. The definition of
the adjacent—channel spacing in standards 1S95 B/ C, IS97 B/ C, 1S98 B / C and CDMA2000
DS / MC1 / MC3 is different. These standards define the adjacent—channel spacing from the
center of the transmission channel to the closest border of the adjacent channel. This definition
is also used for the R&S ESL if the standard settings marked with a dagger are selected.
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Settings of CP / ACP test parameters
e Frequency span

The frequency span must at least cover the channels to be measured plus a measurement margin
of approx. 10%.

Note: If the frequency span is large in comparison to the channel bandwidth (or the adjacent—channel
bandwidths) being examined, only a few points on the trace are available per channel. This
reduces the accuracy of the waveform calculation for the channel filter used, which has a
negative effect on the measurement accuracy. It is therefore strongly recommended that the
formulas mentioned be taken into consideration when selecting the frequency span.

For channel power measurements the Adjust Settings softkey sets the frequency span as follows:

(No. of transmission channels — 1) x transmission channel spacing + 2 x transmission channel
bandwidth + measurement margin

For adjacent—channel power measurements, the Adjust Settings softkey sets the frequency span
as a function of the number of transmission channels, the transmission channel spacing, the
adjacent—channel spacing, and the bandwidth of one of adjacent—channels ADJ, ALT1 or ALT2,
whichever is furthest away from the transmission channels:

(No. of transmission channels — 1) x transmission channel spacing + 2 x (adjacent—channel
spacing + adjacent—channel bandwidth) + measurement margin

The measurement margin is approx. 10% of the value obtained by adding the channel spacing and
the channel bandwidth.

¢ Resolution bandwidth (RBW)

To ensure both, acceptable measurement speed and required selection (to suppress spectral
components outside the channel to be measured, especially of the adjacent channels), the
resolution bandwidth must not be selected too small or too large. As a general approach, the
resolution bandwidth is to be set to values between 1% and 4% of the channel bandwidth.

A larger resolution bandwidth can be selected if the spectrum within the channel to be measured
and around it has a flat characteristic. In the standard setting, e.g. for standard IS95A REV at an
adjacent channel bandwidth of 30 kHz, a resolution bandwidth of 30 kHz is used. This yields correct
results since the spectrum in the neighborhood of the adjacent channels normally has a constant
level. For standard NADC/IS136 this is not possible for example, since the spectrum of the transmit
signal penetrates into the adjacent channels and a too large resolution bandwidth causes a too low
selection of the channel filter. The adjacent—channel power would thus be measured too high.

With the exception of the IS95 CDMA standards, the Adjust Settings softkey sets the resolution
bandwidth (RBW) as a function of the channel bandwidth:

RBW < 1/40 of channel bandwidth

The maximum possible resolution bandwidth (with respect to the requirement RBW < 1/40)
resulting from the available RBW steps (1, 3) is selected.

¢ Video bandwidth (VBW)

For a correct power measurement, the video signal must not be limited in bandwidth. A restricted
bandwidth of the logarithmic video signal would cause signal averaging and thus result in a too low
indication of the power (-2.51 dB at very low video bandwidths). The video bandwidth should
therefore be selected at least three times the resolution bandwidth:

VBW > 3 x RBW
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The Adjust Settings softkey sets the video bandwidth (VBW) as a function of the channel
bandwidth (see formula above) and the smallest possible VBW with regard to the available step
size will be selected.

Detector

The Adjust Settings softkey selects the RMS detector. This detector is selected since it correctly
indicates the power irrespective of the characteristics of the signal to be measured. The whole IF
envelope is used to calculate the power for each measurement point. The IF envelope is digitized
using a sampling frequency which is at least five times the resolution bandwidth which has been
selected. Based on the sample values, the power is calculated for each measurement point using
the following formula:

Paws = |- %‘sz

RMS =11y & i
sj = linear digitized video voltage at the output of the A/D converter
N = number of A/D converter values per measurement point

Prums = power represented by a measurement point

When the power has been calculated, the power units are converted into decibels and the value is
displayed as a measurement point.

In principle, the sample detector would be possible as well. Due to the limited number of
measurement points used to calculate the power in the channel, the sample detector would yield
less stable results.

Trace averaging

The Adjust Settings softkey switches off this function. Averaging, which is often performed to
stabilize the measurement results, leads to a too low level indication and should therefore be
avoided. The reduction in the displayed power depends on the number of averages and the signal
characteristics in the channel to be measured.

Reference level

The Adjust Settings softkey does not influence the reference level. It can be separately adjusted
using the Adjust Settings softkey.

Ranges and range settings

In the Spectrum Emission Mask and Spurious Emissions measurements, a range defines a segment,
for which you can define the following parameters separately: start and stop frequency, RBW, VBW,
sweep time, sweep points, reference level, attenuator settings, and limit values. Via the sweep list, you
define the ranges and their settings (for details on settings refer to the Sweep List softkey).

The following rules apply to ranges:

The minimum span of a range is 20 Hz.

The individual ranges must not overlap (but need not directly follow one another).

The maximum number of ranges is 20.

Spectrum Emission Mask measurement only: A minimum of three ranges is mandatory.

Spectrum Emission Mask measurement only: The reference range cannot be deleted (it is marked
in blue color).
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Provided XML files for the Spectrum Emission Mask measurement

You can change the settings manually or via XML files. The XML files offer a quick way to change the
configuration. A set of XML files for different standards is already provided. For details see Table 4-5:
Provided XML files. You can also create and use your own XML files (for details see "Format
description of Spectrum Emission Mask XML files" on page 4.152). All XML files are stored under
C:\r_slinstr\sem_std. Use the Load Standard softkey for quick access to the available XML files.

Table 4-5: Provided XML files

Path XML file name Displayed standard characteristics*

C:\r_s\instr\sem_std\cdma2000\DL default0.xml cdma2000 BTS BCO default
default1.xml cdma2000 BTS BC1 default

C:\r_s\instr\sem_std\cdma2000\UL default0.xml cdma2000 MS BCO default
default1.xml cdma2000 MS BC1 default

C:\r_s\instr\sem_std\WCDMA\3GPP\DL

PowerClass_31_39.xml

W-CDMA 3GPP DL (31,39)dBm

PowerClass_39_43.xml

W-CDMA 3GPP DL (39,43)dBm

PowerClass_43_INF.xml

W-CDMA 3GPP DL (43,INF)dBm

PowerClass_negINF_31.xml

W-CDMA 3GPP DL (-INF,31)dBm

C:\r_s\instr\sem_std\WIBRO\DL

PowerClass_29 40.xml

WiBro TTA DL (29,40)dBm

PowerClass_40_INF.xml

WiBro TTA DL (40,INF)dBm

PowerClass_negINF_29.xml

WiBro TTA DL (-INF,29)dBm

C:\r_s\instr\sem_std\WIBRO\UL

PowerClass_23_INF.xml

WiBro TTA UL (23,INF)dBm

PowerClass_negINF_23.xml

WiBro TTA UL (23,INF)dBm

C:\R_Sl\instr\sem_std\WIMAX\DL\ETSI\...MHz
(1.75 MHz, 2.00 MHz, 3.5 MHz, 7.00 MHz,
14.00 MHz, 28 MHz)

System_Type_E.xml

WIMAX DL ETSI-System Type E

System_Type_F.xml

WIMAX DL ETSI-System Type F

System_Type_G.xml

WIMAX DL ETSI-System Type G

C:\R_S\instr\sem_std\WIMAX\DL\IEEE

10MHz.xml

WIMAX DL 10MHz

20MHz.xml

WIMAX DL 20MHz

C:\R_Sl\instr\sem_std\WIMAX\UL\ETSI...MHz
(1.75 MHz, 2.00 MHz, 3.5 MHz, 7.00 MHz,
14.00 MHz, 28 MHz)

System_Type_E.xml

WIMAX UL ETSI-System Type E

System_Type_F.xml

WIMAX UL ETSI-System Type F

System_Type_G.xml

WIMAX UL ETSI-System Type G

C:\R_Slinstrisem_std\WIMAX\UL\IEEE 10MHz.xml WIMAX UL 10MHz

20MHz.xml WIMAX UL 20MHz
C:\R_S\instr\sem_std\WLAN\802_11_TURBO ETSI.xml IEEE 802.11 TURBO (ETSI)

IEEE.xml IEEE 802.11 TURBO (IEEE)
C:\R_Slinstrisem_std\WLAN\802_11a ETSI.xml IEEE 802.11a (ETSI)

IEEE.xml IEEE 802.11a
C:\R_S\instr\sem_std\WLAN\802_11b IEEE.xml IEEE 802.11b
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Path XML file name Displayed standard characteristics*
C:\R_S\instr\sem_std\WLAN\802_11j_10MHz ETSI.xml IEEE.11j 10MHz (ETSI)

IEEE.xml IEEE.11j 10MHz
C:\R_S\instr\sem_std\WLAN\802_11j_20MHz ETSI.xml IEEE 802.11j 20MHz (ETSI)

IEEE.xml IEEE 802.11j 20MHz

*Used abbreviations:

BTS: base station (uplink)

BC: band class

MS: mobile station (downlink)

UL: uplink

DL: downlink

TTA: Telecommunications Technology Association

Note: For the WIBRO standards, the 1 MHz channel filter is used for every occurrence of a 1 MHz
filter.

Format description of Spectrum Emission Mask XML files

The files for importing range settings are in XML format and therefore obey the rules of the XML
standard. In the following, the elements, attributes, and structure defined for the range data import are
described. Build your own XML files according to these conventions because the R&S ESL can only
interpret XML files of a known structure. For example files look in the C:\r_s\instr\sem_std directory.

The base format consists of the following XML structure:
<Root_Element>
<SEMConfig ... >
<Ranges>

<Range ... />

</Ranges>
</SEMConfig>
</Root_Element>

In Table 4-6 the possible attributes of the SEMConfig element are listed. These attributes define global
settings for all ranges. The Standard, LinkDirection, PowerClass, BandClass and Comment attributes
do not affect the measurement. They are used to display the Spectrum Emission Mask Standard
information on the measurement screen.

S‘pectrum Emission Mask Standard: W-CDMA 3GPP DL (39 -'13)dBm
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In the example above (DLPowerClass_39 43.xmlunder C:\r_s\instr\sem_std\WCDMA\3GPP), these
attributes are defined as follows:

e Standard="W-CDMA 3GPP"
e LinkDirection="DL"
e PowerClass="(39,43)dBm"

Table 4-6: Attributes of the SEMConfig element

Attribute name Attribute value Parameter description Mandatory?
Standard <string> - no
ReferencePower TX Channel Peak Power | TX Channel Power Edit Reference Range no
Limit_Check_Mode Absolute | Relative | Abs and Rel | Abs or Rel Limit Check no
LinkDirection DL | UL - no
BandClass <string> - no
Comment <string> - no
PowerClass (<minPower>,<maxPower>)dBm - no
Detector RMS | NEGative| POSitive | SAMPle | AVERage Detector Manual Select no
(TRACE key)

The attributes of the Range element carry the settings information of the range. Accordingly, the same
rules apply as characterized for the settings parameter. For details refer to the Sweep List softkey und
the corresponding parameter descriptions.

Sort the ranges according to their frequency values in increasing order. Define one reference range.
The reference range carries special attributes listed in Table 4-8.

Table 4-7: Attributes of the Range element (normal ranges)

Attribute name Attribute value Parameter description Mandatory?
StartF <frequency value in Hz> Range Start yes
StopF <frequency value in Hz> Range Stop yes
FilterType NORMal | CFILTer | RRC | PULSe Filter Type no
RBW <RBW value in Hz> RBW no
VBW <VBW value in Hz> VBW no
SWT_Mode Auto | Manual Sweep Time Mode no
SWT_Value <sweep time in s> Sweep Time no
REF_Level <reference level in dBm> Ref. Level no
RF_ATT_Mode Auto | Manual RF Att. Mode no
RF_ATT_Value On | Off RF Attenuator no
Preamp 1]0 Preamp no
Limit_Abs_Start <limit value in dBm> Abs Limit Start no
Limit_Abs_Stop <limit value in dBm> Abs Limit Stop no
Limit_Rel_Start <limit value in dBc> Rel Limit Start no
Limit_Rel_Stop <limit value in dBc> Rel Limit Stop no
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The reference range is defined by the TX attribute. Only if the channel power reference type is selected
(ReferencePower="TX Channel Power", see Table 4-6Attributes of the SEMConfig element), further
attributes are available to characterize the reference range. These attributes correspond to the setting
parameters provided via the Edit Reference Range softkey.

Table 4-8: Special attributes of the Range element (reference range)

Attribute name Attribute value Mandatory?

TX 1 yes

FilterState On | Off no

Alpha 0..1 yes if FilterState="On"
TxBandwidth <value in Hz> yes if FilterState="On"

ASCII file export format (Spectrum Emission Mask)

The first part of the file lists information about the spectrum analyzer and the general setup. For a
detailed description refer to "ASCII file export format" on page 4.122.

File contents Description

RefType; CPOWER; reference range setup, for details see
. Edit Reference Range softkey
TxBandwidth;9540000;Hz

Filter State; ON;
Alpha;0.22;

PeaksPerRange;1; evaluation list information

Values;4;

0;-22500000;-9270000;1000000;2986455000;—74.762840270996094; information about each peak:
—10.576210021972656;—45.762840270996094;PASS;
<range number>;

1;-9270000;-4770000;100000;2991405000;—100.17695617675781; <start frequency>;
—35.990325927734375;—1.490325927734375;PASS <stop frequency>;

< luti idth of >:
3:4770000:9270000;100000;3005445000;—100.17695617675781: resolution bandwidth of range>;

<frequency of peak>;
—35.990325927734375;—-1.490325927734375;PASS; <absolute power in dBm of peak>;

4:9270000;22500000;1000000;3018225000;~74.762840270996094; <relative power in dBc of peak

-10.576210021972656;-45.762840270996094;PASS; (related to the channel power)>;
<distance to the limit line in dB

(positive value means above the limit)>;
<limit fail (pass = 0, fail =1)>;

1300.5053.12 4.154 E-2



R&S ESL

Power Measurements — MEAS Key

Softkeys of the power measurement menu

The following table shows all softkeys available in the power measurement menu. It is possible that
your instrument configuration does not provide all softkeys. If a softkey is only available with a special
option, model or (measurement) mode, this information is delivered in the corresponding softkey

description.

Menu / Command

Submenu / Command

Submenu / Command

Command

All Functions Off

TOl &

Marker 1

Marker 2

Marker 3

Marker 4

Search Signals

AM Mod Depth &

same contents as TOI
menu

Time Domain Power ¥

Peak

RMS

Mean

Std Dev

Limits On/Off

Left Limit

Right Limit

CIN, C/No ¥

C/N

C/No

Channel Bandwidth

Adjust Settings

CP, ACP, MC-ACP ¥

CP / ACP Standard

CP / ACP Config %

# of TX Chan

# of Adj Chan

Channel Settings ¥

Channel
Bandwidth

Channel Spacing

Chan Pwr/Hz

ACP Ref Settings

Adjust Ref Level

Adjust Settings

Limit Checking % Limit Chk On/Off
Edit ACP Limit
Power Mode ¥ Clear/Write
Max Hold

Select Trace
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Menu / Command Submenu / Command Submenu / Command Command
Adjust Settings
Sweep Time
Fast ACP On/Off
ACP Abs/Rel
Adjust Ref Level
More ¥
All Functions Off
OBW ¥ % Power Bandwidth
Channel Bandwidth
Adjust Ref Level
Adjust Settings
APD ¥ Percent Marker
Res BW
# of Samples
Scaling ¥ x—Axis Ref Level
x—Axis Range
y—Axis Max Value
y—Axis Min Value
y—-Unit %/Abs
Default Settings
Adjust Settings
Adjust Settings
CCDF ¥ same contents as APD
menu
Spectrum Emission Mask # Sweep List ¥ Edit Sweep List/Close
Sweep List
Insert before Range
Insert after Range
Delete Range
Edit Reference Range
List Evaluation ¥ List Evaluation On/Off
List Full Screen
Margin
Show Peaks
List Up
List Down
Save Evaluation List % ASCII File Export
Decim Sep
Edit Reference Range
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Menu / Command

Submenu / Command

Submenu / Command

Command

Load Standard

Restore Standard Files

Meas Start/Stop

Spurious Emissions #

Sweep List ¥

Edit Sweep List/Close
Sweep List

Insert before Range

Insert after Range

Delete Range

Adjust X-Axis

List Evaluation ¥

List Evaluation On/Off

List Full Screen

Details On/Off

Peaks per Range

Margin

Show Peaks

More ¥

List Up

List Down

Save Evaluation List %

ASCII File Export

Decim Sep

Meas Start/Stop

More ¥

All Functions Off

Harmonic Distortion ¥

Harmonic On/Off

No. of Harmonics

Harmonic Sweep Time

Harmonic RBW Auto

Adjust Settings

Full Size Diagram

All Functions Off

Switches off all power measurement functions.

= Remote: CALC:MARK:FUNC:<function> OFF
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TOI

Opens a submenu and activates the measurement of the 3rd order intercept point.

A two—tone signal with equal carrier levels is expected at the R&S ESL input. Marker 1 and
marker 2 (both normal markers) are set to the maximum of the two signals. Marker 3 and marker
4 (also both normal markers) are placed on the intermodulation products. When the function is
enabled, the frequency entry is activated for the delta markers. They can be set manually.

The R&S ESL calculates the third order intercept point from the level spacing between normal
markers and delta markers and displays it in the marker field.

= Remote: CALC:MARK:FUNC:TOI ON
= Remote: CALC:MARK:FUNC:TOI:RES?

Search Signals

Activates all markers.

= Remote: CALC:MARK: FUNC:TOI:RES?

AM Mod Depth

Opens a submenu and activates the measurement of the AM modulation depth. An AM—
modulated carrier is required on the screen for ensuring correct operation.

The level value of marker 1 is taken as the carrier level. When this function is activated, marker
2 and marker 3 are automatically set symmetrically to the carrier on the adjacent peak values of
the trace as delta markers and marker 2 is activated for the entry.

When the position of marker 2 (delta) is changed, marker 3 (delta) is moved symmetrically with
respect to the reference marker (marker 1).

If the edit dialog box is opened for marker 3, the latter can be moved for fine adjustment
irrespective of marker 2.

The R&S ESL calculates the power at the marker positions from the measured levels. The AM
modulation depth is calculated from the ratio between the power values at the reference marker
and at the delta markers. If the powers of the two AM side bands are unequal, the mean value of
the two power values is used for AM modulation depth calculation.

= Remote: CALC:MARK: FUNC:MDEP ON
= Remote: CALC:MARK: FUNC:MDEP:RES?

Time Domain Power (zero span)

Activates the power measurement in zero span and opens a submenu to configure the power
measurement. For more details see also "Power measurement in zero span" on page 4.146.

= Remote: CALC:MARK:FUNC:SUMM: STAT ON
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Peak (zero span)

Activates the calculation of the peak value from the points of the displayed trace or a segment
thereof. For more details see also "Power measurement in zero span" on page 4.146.

= Remote: CALC:MARK: FUNC: SUMM: PPE ON
= Remote: CALC:MARK: FUNC: SUMM: PPE :RES?

RMS (zero span)

Activates the calculation of the RMS value from the points of the displayed trace or a segment
thereof. For more details see also "Power measurement in zero span" on page 4.146.

= Remote: CALC:MARK: FUNC: SUMM:RMS ON
= Remote: CALC:MARK: FUNC: SUMM: RMS : RES?

Mean (zero span)

Activates the calculation of the mean value from the points of the displayed trace or a segment
thereof. The linear mean value of the equivalent voltages is calculated.

This can be used for instance to measure the mean power during a GSM burst.
For more details see also "Power measurement in zero span" on page 4.146.

= Remote: CALC:MARK: FUNC: SUMM: MEAN ON
= Remote: CALC:MARK: FUNC: SUMM: MEAN : RES?

Std Dev (zero span)

Activates the calculation of the standard deviation of measurement points from the mean value
and displays them as measured value. The measurement of the mean power is automatically
switched on at the same time. For more details see also "Power measurement in zero span” on
page 4.146.

= Remote: CALC:MARK: FUNC: SUMM: SDEV ON
= Remote: CALC:MARK: FUNC: SUMM: SDEV:RES?

Limits On/Off (zero span)

Switches the limitation of the evaluation range on or off. Default setting is off.

If switched off, the evaluation range is not limited. If switched on, the evaluation range is defined
by the left and right limit. If only one limit is set, it corresponds to the left limit and the right limit is
defined by the stop frequency. If the second limit is also set, it defines the right limit.

For more details see also "Power measurement in zero span" on page 4.146.

= Remote: CALC:MARK:X:SLIM OFF

Left Limit (zero span)

Opens an edit dialog box to enter a value for line 1. For more details see also "Power
measurement in zero span” on page 4.146.

= Remote: CALC:MARK:X:SLIM:LEFT <value>
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Right Limit (zero span)

Opens an edit dialog box to enter a value for line 2. For more details see also "Power
measurement in zero span” on page 4.146.

= Remote: CALC:MARK:X:SLIM:RIGH <value>

C/N, C/No (span > 0)

Opens a submenu to configure the carrier/noise ratio measurement. Measurements without
(C/N) and measurements with reference to the bandwidth (C/No) are possible.

C/N (span > 0)

Switches the measurement of the carrier/noise ratio on or off. If no marker is active, marker 1 is
activated.

The measurement is performed on the trace where marker 1 is located. To shift marker 1 and
measure another trace, use the Marker to Trace softkey in the marker menu. To determine the

maximum value of the current trace, use the Phase Noise/Ref Fixed softkey in the marker
menu.

= Remote: CALC:MARK:FUNC:POW: SEL CN

= Remote: CALC:MARK:FUNC:POW:RES? CN
= Remote: CALC:MARK:FUNC:POW OFF

C/No (span > 0)

Switches the measurement of the carrier/noise ratio with reference to a 1 Hz bandwidth on or
off. If no marker is active, marker 1 is activated.

The measurement is performed on the trace where marker 1 is located. To shift marker 1 and
measure another trace, use the Marker to Trace softkey in the marker menu. To determine the

maximum value of the current trace, use the Phase Noise/Ref Fixed softkey in the marker
menu.

= Remote: CALC:MARK:FUNC:POW:SEL CNO

= Remote: CALC:MARK:FUNC:POW:RES? CNO
= Remote: CALC:MARK:FUNC:POW OFF

Channel Bandwidth (span > 0)

Opens an edit dialog box to enter the measurement channel bandwidth. The default setting is 14
kHz.

= Remote: POW:ACH:BWID 30kHz

Adjust Settings (span > 0)

Enables the RMS detector (see also "Detector overview" on page 4.116) and adjusts the span to
the selected channel bandwidth according to:

4 x channel bandwidth + measurement margin
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The adjustment is performed once; if necessary, the setting can be changed later on.

= Remote: POW:ACH:PRES CN | CNO
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CP, ACP, MC-ACP

Activates the active channel or adjacent—channel power measurement either for a single carrier
signal or for several carrier signals, depending on the current measurement configuration, and
opens a submenu to configure the channel power measurement. With default settings the
measurement is performed by integrating the powers at the display points within the specified
channels (IBW method).

If multi—carrier ACP measurement is activated, the number of measured values is increased to
ensure that adjacent—channel powers are measured with adequate accuracy.

= Remote: CALC:MARK: FUNC: POW: SEL CPOW|ACP |MCAC
= Remote: CALC:MARK: FUNC: POW:RES? CPOW|ACP|MCAC
= Remote: CALC:MARK: FUNC: POW OFF

CP / ACP Standard

Opens an edit dialog box to select the settings according to predefined standards. For details on
the available standards see "Predefined CP / ACP standards" on page 4.148. By default no
standard is set.

The selection of the standard influences the following parameters:

— channel spacing and adjacent—channel spacing

— channel bandwidth, adjacent—channel bandwidth, and type of filtering

— resolution bandwidth

— video bandwidth

— detector

— # of adjacent channels

— trace averaging (switched off)

= Remote: CALC:MARK:FUNC:POW: PRES <standard>

CP / ACP Config

Opens a submenu to configure the channel power and adjacent channel power measurement
independently of the predefined standards (for details see also "To set the channel
configuration" on page 4.145 and "Settings of CP / ACP test parameters" on page 4.149).

# of TX Chan (MC—-ACP)

Opens an edit dialog box to enter the number of carrier signals to be taken into account in
channel and adjacent—channel power measurements. Values from 1 to 12 are allowed.

= Remote: POW:ACH: TXCH:COUN 4
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# of Adj Chan

Opens an edit dialog box to enter the number of adjacent channels to be considered in the
adjacent—-channel power measurement. Values from 0 to 12 are allowed.

The following measurements are performed depending on the number of the channels:

0 Only the channel powers are measured.

1 The channel powers and the power of the upper and lower adjacent channel are
measured.

2 The channel powers, the power of the upper and lower adjacent channel, and of the

next higher and lower channel (alternate channel 1) are measured.

3 The channel power, the power of the upper and lower adjacent channel, the power of
the next higher and lower channel (alternate channel 1), and of the next but one
higher and lower adjacent channel (alternate channel 2) are measured.

12 The channel power, the power of the upper and lower adjacent channel, and the
power of the all higher and lower channels (alternate channel 1 to 11) are measured.

= Remote: POW:ACH:ACP 1

Channel Settings

Opens a submenu to define the channel settings.

Channel Bandwidth

Opens the TX/ACP Channel Bandwidth dialog box to enter the channel bandwidths for the
transmission channels and the adjacent channels. The entry TX is only available for the multi—
carrier ACP measurement.

The transmission—channel bandwidth is normally defined by the transmission standard. The
correct bandwidth is set automatically for the selected standard (see CP / ACP Standard
softkey).

Measurements in zero span (see Fast ACP On/Off softkey) are performed in the zero span
mode. The channel limits are indicated by vertical lines. For measurements requiring channel
bandwidths deviating from those defined in the selected standard the IBW method is to be used.

With the IBW method (see Fast ACP On/Off softkey), the channel bandwidth limits are marked
by two vertical lines right and left of the channel center frequency. It can in this way be visually
checked whether the entire power of the signal under test is within the selected channel
bandwidth.
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If measuring according to the IBW method (Fast ACP Off), the bandwidths of the different
adjacent channels are to be entered numerically. Since all adjacent channels often have the
same bandwidth, the other channels Alt1 and Alt2 are set to the bandwidth of the adjacent
channel on entering the adjacent—channel bandwidth (ADJ). Thus only one value needs to be
entered in case of equal adjacent channel bandwidths. The same holds true for the Alt2
channels (alternate channels 2) if the bandwidth of the Alt1 channel (alternate channel 1) is
entered.

For details on available channel filters see "List of available RRC and channel filters" on page
4.97.

= Remote: POW:ACH:BWID 30kHz
= Remote: POW:ACH:BWID:ACH 30kHz
= Remote: POW:ACH:BWID:ALT2 30kHz

Channel Spacing

Opens the TX/ACP Channel Spacing dialog box to enter the channel spacings for the TX
channels and for the adjacent channels.

The entry TX is only available for the multi—carrier ACP measurement.

— TXchannels (left column)

TX1-  spacing between the first and the second carrier
2
TX2—-  spacing between the second and the third carrier
3

The spacings between all adjacent TX channels can be defined separately. In order to allow a
convenient setup for the system with equal TX channel spacing, the value of TX spacing 1-2 is
copied in all the spacing below after entry, the TX spacing 2-3 is copied in all the spacing
below after entry and so forth. For different spacings, a setup from top to bottom is necessary.

If the spacings are not equal, the channel distribution according to the center frequency is as
follows:

Odd number of TX channels The middle TX channel is centered to center frequency.

Even number of TX channels  The two TX channels in the middle are used to calculate
the frequency between those two channels. This
frequency is aligned to the center frequency.

— Adjacent channels (right column)

Since all the adjacent channels often have the same distance to each other, the modification of
of the adjacent—channel spacing (ADJ) causes a change in all higher adjacent—channel
spacings (Alt1, Alt2, ...): they are all multiplied by the same factor (new spacing value / old
spacing value). Thus only one value needs to be entered in case of equal channel spacing. A
modification of a higher adjacent—channel spacing (Alt1, Alt2, ...) causes a change by the same
factor in all higher adjacent—channel spacings, while the lower adjacent—channel spacings
remain unchanged.
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Example:

In the default setting, the adjacent channels have the following spacing: 20 kHz (ADJ), 40
kHz (Alt1), 60 kHz (Alt2), 80 kHz (Alt3), 100 kHz (Alt4), ...

If the spacing of the first adjacent channel (ADJ) is set to 40 kHz, the spacing of all other
adjacent channels is multiplied by factor 2 to result in 80 kHz (Alt1), 120 kHz (Alt2), 160 kHz

(Alt3), ...

If, starting from the default setting, the spacing of the 5th adjacent channel (Alt4) is set to 150
kHz, the spacing of all higher adjacent channels is multiplied by factor 1.5 to result in 180 kHz
(Alt5), 210 kHz (Alt6), 240 kHz (Alt7), ...

If a ACP or MC—ACP measurement is started, all settings according to the standard including
the channel bandwidths and channel spacings are set and can be adjusted afterwards.

= Remote: POW:ACH: SPAC:CHAN 25kHz
= Remote: POW:ACH: SPAC 33kHz
= Remote: POW:ACH:SPAC:ALT1 100kHz

Chan Pwr/Hz

If deactivated, the channel power is displayed in dBm. If activated, the channel power density is
displayed instead. Thus, the absolute unit of the channel power is switched from dBm to
dBm/Hz. The channel power density in dBm/Hz corresponds to the power inside a bandwidth of
1 Hz and is calculated as follows:

channel power density = channel power — log,o(channel bandwidth)

By means of this function it is possible e.g. to measure the signal/noise power density or use the
additional functions ACP Abs/Rel and ACP Ref Settings to obtain the signal to noise ratio.

= Remote: CALC:MARK:FUNC:POW:RES:PHZ ON

ACP Ref Settings (MC—ACP)

Opens an edit dialog box to select the transmission channel to which the adjacent—channel
relative power values should be referenced.

TX Channel 1 -12
Min Power TX Channel

Max Power TX Channel

Lowest & Highest
Channel

Selection of one of channels 1 to 12.

The transmission channel with the lowest power is used as a
reference channel.

The transmission channel with the highest power is used as a
reference channel.

The outer left-hand transmission channel is the reference
channel for the lower adjacent channels, the outer right-hand
transmission channel that for the upper adjacent channels.

= Remote: POW:ACH:REF: TXCH:MAN 3

= Remote: POW:ACH:REF: TXCH:AUTO MAX

Limit Checking

Opens a submenu to activate and define the limits for the ACP measurement.
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Limit Chk On/Off

Activates or deactivates the limit check for the ACP measurement.
= Remote: CALC:LIM:ACP ON
= Remote: CALC:LIM:ACP:ACH:RES?
= Remote: CALC:LIM:ACP:ALT:RES?

Edit ACP Limit

Opens the ACP Limits dialog box to define the limits for the ACP measurement.

The following rules apply for the limits:

— A separate limit can be defined for each adjacent channel. The limit applies to both the upper
and the lower adjacent channel.

— Arrelative and/or absolute limit can be defined. The check of both limit values can be activated
independently.

— The R&S ESL checks adherence to the limits irrespective of whether the limits are absolute or
relative or whether the measurement is carried out with absolute or relative levels. If both limits
are active and if the higher of both limit values is exceeded, the measured value is marked by a
preceding asterisk.

Remote: CALC: LIM:ACP ON

Remote: CALC:LIM:ACP:<adjacent-channel> 0dB, 0dB

Remote: CALC:LIM:ACP:<adjacent-channel>:STAT ON

Remote: CALC:LIM:ACP:<adjacent—-channel>:ABS -10dBm, -10dBm
Remote: CALC:LIM:ACP:<adjacent—-channel>:ABS:STAT ON

For details refer to chapter "Remote Control — Commands", section "CALCulate:LIMit: ACPower
Subsystem".

111 11

Power Mode

Opens a submenu to select the power mode.

Clear/Write

If this mode is activated, the channel power and the adjacent channel powers are calculated
directly from the current trace (default mode).

= Remote: CALC:MARK: FUNC : POW:MODE WRIT

Max Hold

If this mode is activated, the power values are calculated from the current trace and compared
with the previous power value using a maximum algorithm. The higher value is retained. If
activated, the enhancement label Pwr Max is displayed.

= Remote: CALC:MARK: FUNC : POW:MODE MAXH
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Select Trace

Opens an edit dialog box to enter the trace number on which the CP/ACP measurement is to be
performed. Only activated traces can be selected (for details on trace modes see "Trace mode
overview" on page 4.114).

= Remote: POW: TRAC 2

Adjust Settings

Automatically optimizes all instrument settings for the selected channel configuration (channel
bandwidth, channel spacing) within a specific frequency range (channel bandwidth). The
adjustment is carried out only once. If necessary, the instrument settings can be changed later.

For details on the settings of span, resolution bandwidth, video bandwidth, detector and trace
averaging see "Settings of CP / ACP test parameters" on page 4.149.

= Remote: POW:ACH:PRES ACP

Sweep Time

Opens an edit dialog box to enter the sweep time. With the RMS detector, a longer sweep time
increases the stability of the measurement results.

The function of this softkey is identical to the Sweeptime Manual softkey in the bandwidth
menu.

= Remote: SWE:TIM <value>

Fast ACP On/Off

Switches between the IBW method (Fast ACP Off) and the zero span method (Fast ACP On).

When switched on, the R&S ESL sets the center frequency consecutively to the different
channel center frequencies and measures the power with the selected measurement time (=
sweep time/number of channels). The RBW filters suitable for the selected standard and
frequency offset are automatically used (e.g. root raised cos with IS 136). For details on
available channel filters see "List of available RRC and channel filters" on page 4.97.

The RMS detector is used for obtaining correct power measurement results. Therefore this
requires no software correction factors.

Measured values are output as a list. The powers of the transmission channels are output in
dBm, the powers of the adjacent channels in dBm.

The sweep time is selected depending on the desired reproducibility of results. Reproducibility
increases with sweep time since power measurement is then performed over a longer time
period. As a general approach, it can be assumed that approx. 500 non—correlated measured
values are required for a reproducibility of 0.5 dB (99% of the measurements are within 0.5 dB of
the true measured value). This holds true for white noise. The measured values are considered
as non—correlated if their time interval corresponds to the reciprocal of the measured bandwidth.

With IS 136 the measurement bandwidth is approx. 25 kHz, i.e. measured values at an interval
of 40 ys are considered as non—correlated. A measurement time of 40 ms is thus required per
channel for 1000 measured values. This is the default sweep time which the R&S ESL sets in
coupled mode. Approx. 5000 measured values are required for a reproducibility of 0.1 dB (99%),
i.e. the measurement time is to be increased to 200 ms.

= Remote: POW:HSP ON
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ACP Abs/Rel

Switches between absolute and relative power measurement in the adjacent channels.

Abs The absolute power in the adjacent channels is displayed in the unit of the y—axis,
e.g. in dBm, dBpV.
Rel The level of the adjacent channels is displayed relative to the level of the

transmission channel in dBc.

= Remote: POW:ACH:MODE REL

Adjust Ref Level

Adjusts the reference level to the measured channel power. 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 ESL or limiting the dynamic range by a too small S/N ratio. For details on

manual settings see "Settings of CP / ACP test parameters" on page 4.149.

The reference level is not influenced by the selection of a standard. To achieve an optimum

dynamic range, the reference level has to be set in a way that places the signal maximum close
to the reference level without forcing an overload message. Since the measurement bandwidth
for channel power measurements is significantly lower than the signal bandwidth, the signal path

may be overloaded although the trace is still significantly below the reference level.

= Remote: POW:ACH: PRES:RLEV

OBW (span > 0)

Activates measurement of the occupied bandwidth according to the current configuration and
opens a submenu to configure the measurement. The occupied bandwidth is displayed in the
marker display field and marked on the trace by temporary markers. For details see also
"Measurement of occupied bandwidth" on page 4.147.

The measurement is performed on the trace with marker 1. In order to evaluate another trace,
marker 1 must be placed on another trace (see Marker to Trace softkey in the marker menu).

= Remote: CALC:MARK: FUNC: POW: SEL OBW
= Remote: CALC:MARK: FUNC: POW:RES? OBW
= Remote: CALC:MARK: FUNC: POW OFF

% Power Bandwidth (span > 0)

Opens an edit dialog box to enter the percentage of total power in the displayed frequency range

which defines the occupied bandwidth. Values from 10% to 99.9% are allowed.

= Remote: POW:BWID 95PCT
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Channel Bandwidth (span > 0)

Opens an edit dialog box to enter the channel bandwidth for the transmission channel. The
specified channel bandwidth is used for optimization of the test parameters (for details see
"Settings of CP / ACP test parameters" on page 4.149). The default setting is 14 kHz.

For measurements in line with a specific transmission standard, the bandwidth specified by the
standard for the transmission channel must be entered.

= Remote: POW:ACH:BWID 30kHz

Adjust Ref Level (span > 0)

Adjusts the reference level to the measured total power of the signal. The softkey is activated
after the first sweep with active measurement of the occupied bandwidth has been completed
and the total power of the signal is thus known.

Adjusting the reference level ensures that the signal path will not be overloaded and the
dynamic range not limited by too low a reference level. Since the measurement bandwidth for
channel power measurements is significantly lower than the signal bandwidth, the signal path
may be overloaded although the trace is distinctly below the reference level. If the measured
channel power is equal to the reference level, the signal path cannot be overloaded.

= Remote: POW:ACH: PRES:RLEV

APD

Activates the function to measure the amplitude probability density (APD) and opens a
submenu.

= Remote: CALC: STAT:APD ON

Percent Marker

Opens an edit dialog box to enter a probability value and to position marker 1. Thus, the power
which is exceeded with a given probability can be determined very easily. If marker 1 is
deactivated, it will be switched on automatically.

= Remote: CALC:MARK:Y:PERC 0...100%

Res BW

Opens an edit dialog box to set the resolution bandwidth directly. The function of this softkey is
identical to the Res BW Manual softkey in the bandwidth menu.

For correct measurement of the signal statistics the resolution bandwidth has to be wider than
the signal bandwidth in order to measure the actual peaks of the signal amplitude correctly. In
order not to influence the peak amplitudes the video bandwidth is automatically set to 10 MHz.
The sample detector is used for detecting the video voltage.

= Remote: BAND 3 MHz
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# of Samples

Opens an edit dialog box to set the number of power measurements that are taken into account
for the statistics.

Apart from the number of measurements the overall measurement time depends also on the set
resolution bandwidth as the resolution bandwidth directly influences the sampling rate.

= Remote: CALC: STAT:NSAM <value>

Scaling

Opens a submenu to change the scaling parameters of x— and y—axis.

x—Axis Ref Level

Opens an edit dialog box to enter the reference level in the currently active unit (dBm, dBuV,
etc). The function of this softkey is identical to the Ref Level softkey in the amplitude menu.

For the APD function this value is mapped to the right diagram border. For the CCDF function
there is no direct representation of this value on the diagram as the x—axis is scaled relatively to
the measured mean power.

= Remote: CALC: STAT:SCAL:X:RLEV <value>

x—Axis Range

Opens the Range Log dialog box to select a value for the level range to be covered by the
statistics measurement selected. The function is identical to the Range Log softkey in amplitude
menu.

= Remote: CALC:STAT:SCAL:X:RANG <value>

y—Axis Max Value

Opens an edit dialog box to define the upper limit of the displayed probability range. Values on
the y—axis are normalized which means that the maximum value is 1.0. The y—axis scaling is
defined via the y-Unit %/Abs softkey. If the y—axis has logarithmic scale, the distance between
max and min value must be at least one decade.

= Remote: CALC:STAT:SCAL:Y:UPP <value>

y—Axis Min Value

Opens an edit dialog box to define the lower limit of the displayed probability range. Values in
the range 0 < value < 1 are allowed. The y—axis scaling is defined via the y—Unit %/Abs softkey.
If the y—axis has logarithmic scale, the distance between max and min value must be at least
one decade.

= Remote: CALC:STAT:SCAL:Y:LOW <value>

y—Unit %/Abs

Defines the scaling type of the y—axis. The default value is absolute scaling.

= Remote: CALC: STAT:SCAL:Y:UNIT PCT
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Default Settings

Resets the x— and y—axis scalings to their preset values.

x—axis ref level: —20 dBm
x—axis range APD: 100 dB
x—axis range CCDF: 20 dB
y—axis upper limit: 1.0

y—axis lower limit: 1E-6

= Remote: CALC:STAT:PRES

Adjust Settings

Adjusts the level settings according to the measured difference between peak and minimum
power for APD measurement or peak and mean power for CCDF measurement in order to
obtain maximum power resolution. Adapts the probability scale to the selected number of

samples. Adjusts the reference level to the current input signal. For details see also Adjust Ref
Level softkey.

= Remote: CALC:STAT:SCAL:AUTO ONCE

CCDF

Activates the function to measure the complementary cumulative distribution function (CCDF)
and opens a submenu.

= Remote: CALC:STAT:CCDF ON
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R&S ESL

Spectrum Emission Mask

Opens a submenu to configure the Spectrum Emission Mask measurement.

The Spectrum Emission Mask (SEM) measurement defines a measurement that monitors
compliance with a spectral mask. The SEM measurement of the base unit allows a flexible

definition of all parameters in the SEM measurement.

Fef -20.0 dBm

-40 |:IE.r|r| sEv T

1
-0 dB |'||'|

-20 dBm

Spectrum Emission Mask Standard:
Peak Power -75.40 dBm

Hz Hz
-

e
| -25.000 M| -14.750

= Remote: SWE:MODE ESP

WIMAX DL 10MHz

dBm dBc dB

Sweep List

Opens a submenu to edit the sweep list and displays the Sweep List dialog box. After a preset,
the sweep list contains a set of default ranges and parameters. For each range, you can change
the parameters listed below. To insert or delete ranges, use the Insert before Range, Insert
after Range, Delete Range softkeys. The measurement results are not updated during editing
but on closing the dialog box (Close Sweep List softkey).

Note: If you edit the sweep list, always follow the rules described in "Ranges and range settings" on

page 4.150.

Parameter Restriction

Range Start

Range Stop

Filter Type

RBW

VBW

Sweep Time Mode

Sweep Time
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Parameter Restriction

Detector Spurious Emissions measurement only
Ref. Level

RF Att. Mode

RF Attenuator

Preamp

Sweep Points Spurious Emissions measurement only
Stop after Sweep Spurious Emissions measurement only

Transd. Factor
Limit Check

Abs Limit Start
Abs Limit Stop

Rel Limit Start Spectrum Emission Mask measurement only

Rel Limit Stop Spectrum Emission Mask measurement only

—  Spectrum Emission Mask measurement:

The changes of the sweep list are only kept until you load another parameter set (via a preset
or by loading an XML file). If you want to have a parameter set permanently available, create an
XML file for this configuration.

If you load one of the provided XML files (Load Standard softkey), the sweep list contains
ranges and parameters according to the selected standard.

Range Start/Range Stop (Sweep List dialog box)

11 11

Sets the start frequency/stop frequency of the selected range. Follow the rules described in
"Ranges and range settings" on page 4.150.

In order to change the start/stop frequency of the first/last range, select the appropriate span
with the SPAN key. If you set a span that is smaller than the overall span of the ranges, the
measurement includes only the ranges that lie within the defined span and have a minimum
span of 20 Hz. The first and last range are adapted to the given span as long as the minimum
span of 20 Hz is not violated.

— Spectrum Emission Mask measurement:

Frequency values for each range have to be defined relative to the center frequency. The
reference range has to be centered on the center frequency. The minimum span of the
reference range is given by the current TX Bandwidth. For details refer to the Edit Reference
Range softkey description.

Remote: ESP:RANG1: STAR 100000000 (Spectrum Emission Mask)

Remote: ESP:RANG3:STOP 10000000 (Spectrum Emission Mask)

Remote: LIST:RANG1:STAR 100000000 (Spurious Emissions)

Remote: LIST:RANG3:STOP 10000000 (Spurious Emissions)
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Filter Type (Sweep List dialog box)

Sets the filter type for this range. For details on filters see also "To choose the appropriate filter
type" on page 4.96.

= Remote: ESP:RANG1:FILT:TYPE RRC (Spectrum Emission Mask)
= Remote: LIST:RANGL:FILT:TYPE RRC (Spurious Emissions)

RBW (Sweep List dialog box)

Sets the RBW value for this range.

= Remote: ESP:RANG2 :BAND:RES 5000 (Spectrum Emission Mask)
= Remote: LIST:RANG2:BAND:RES 5000 (Spurious Emissions)

VBW (Sweep List dialog box)

Sets the VBW value for this range.

= Remote: ESP:RANG1:BAND:VID 5000000 (Spectrum Emission Mask)
= Remote: LIST:RANG1:BAND:VID 5000000 (Spurious Emissions)

Sweep Time Mode (Sweep List dialog box)

Activates or deactivates the auto mode for the sweep time.

= Remote: ESP:RANG3: SWE: TIME : AUTO OFF (Spectrum Emission Mask)
= Remote: LIST:RANG3:SWE: TIME: AUTO OFF (Spurious Emissions)

Sweep Time (Sweep List dialog box)

Sets the sweep time value for the range.

= Remote: ESP:RANG1:SWE: TIME 1 (Spectrum Emission Mask)
= Remote: LIST:RANG1:SWE:TIME 1 (Spurious Emissions)

Detector (Sweep List dialog box, Spurious Emissions)

Sets the detector for the range. For details refer to "Detector overview" on page 4.116.

= Remote: LIST:RANGe3:DET SAMP

Ref. Level (Sweep List dialog box)

Sets the reference level for the range.

= Remote: ESP:RANG2:RLEV 0 (Spectrum Emission Mask)
= Remote: LIST:RANG2:RLEV 0 (Spurious Emissions)
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RF Att. Mode (Sweep List dialog box)

Activates or deactivates the auto mode for RF attenuation.

= Remote: ESP:RANG2: INP:ATT:AUTO OFF (Spectrum Emission Mask)
= Remote: LIST:RANG2:INP:ATT:AUTO OFF (Spurious Emissions)

RF Attenuator (Sweep List dialog box)

Sets the attenuation value for that range.

= Remote: ESP:RANG3: INP:ATT 10 (Spectrum Emission Mask)
= Remote: LIST:RANG3:INP:ATT 10 (Spurious Emissions)

Preamp (Sweep List dialog box)

Switches the preamplifier on or off.

= Remote: ESP:RANG3: INP:GAIN:STATe ON (Spectrum Emission Mask)
= Remote: LIST:RANG3:INP:GAIN:STATe ON (Spurious Emissions)

Sweep Points (Sweep List dialog box, Spurious Emissions)

Sets the number of sweep points per range. For details on possible values refer to the Sweep
Points softkey of the sweep menu.

= Remote: LIST:RANG3:POIN 601

Stop after Sweep (Sweep List dialog box, Spurious Emissions)

Configures the sweep behavior.

On The R&S ESL stops after one range is swept and continues only if you confirm (a message
box is displayed).

Off The R&S ESL sweeps all ranges in one go.

= Remote: LIST:RANG1:BRE ON

Transd. Factor (Sweep List dialog box)

Sets a transducer for the specified range. You can only choose a transducer that fulfills the
following conditions:

— The transducer overlaps or equals the span of the range.
— The x—axis is linear.
— The unitis dB.

= Remote: ESP:RANG1:TRAN 'test' (Spectrum Emission Mask)
= Remote: LIST:RANG1: TRAN 'test' (Spurious Emissions)
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Limit Check (Sweep List dialog box)

Sets the type of limit check for all ranges. Possible states are:

Absolute Checks only the absolute limits defined.

Relative Checks only the relative limits. Relative limits are defined as relative
to the measured power in the reference range.

Abs and Combines the absolute and relative limit. The limit check fails when

Rel both limits are violated.

Abs or Rel Combines the absolute and relative limit. The limit check fails when

one of the limits is violated.

The limit state affects the availability of all limit settings (Abs Limit Start, Abs Limit Stop, Rel
Limit Start, Rel Limit Stop).

= Remote: ESP:RANG3:LIM: STAT AND (Spectrum Emission Mask)
= Remote: LIST:RANG3:LIM:STAT ON (Spurious Emissions)
= Remote: CALC:LIM3:FAIL?

Abs Limit Start (Sweep List dialog box)

Sets an absolute limit value at the start frequency of the range [dBm].

This parameter is only available if the limit check is set accordingly (see Limit Check
parameter).

= Remote: ESP:RANG1:LIM:ABS:STAR 10 (Spectrum Emission Mask)
= Remote: LIST:RANG1:LIM:STAR 10 (Spurious Emissions)

Abs Limit Stop (Sweep List dialog box)

Sets an absolute limit value at the stop frequency of the range [dBm].

This parameter is only available if the limit check is set accordingly (see Limit Check
parameter).

= Remote: ESP:RANG1:LIM:ABS:STOP 20 (Spectrum Emission Mask)
= Remote: LIST:RANG1:LIM:STOP 20 (Spurious Emissions)

Rel Limit Start (Sweep List dialog box, Spectrum Emission Mask)

Sets a relative limit value at the start frequency of the range [dBc].

This parameter is only available if the limit check is set accordingly (see Limit Check
parameter).

= Remote: ESP:RANG3:LIM:REL: STAR —-20

Rel Limit Stop (Sweep List dialog box, Spectrum Emission Mask)

Sets a relative limit value at the stop frequency of the range [dBc].

This parameter is only available if the limit check is set accordingly (see Limit Check
parameter).

= Remote: ESP:RANG3:LIM:REL:STOP 20
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Edit Sweep List/Close Sweep List

Opens/ closes the Sweep List dialog box. Closing the dialog box updates the measurement
results.

For further details refer to "Ranges and range settings" on page 4.150.

Insert before Range

Inserts a new range to the left of the currently focussed range. The range numbers of the
currently focused range and all higher ranges are increased accordingly. The maximum number
of ranges is 20.

For further details refer to "Ranges and range settings" on page 4.150.

= Remote: ESP:RANG3:INS BEF (Spectrum Emission Mask)

Insert after Range

Inserts a new range to the right of the currently focused range. The range numbers of all higher
ranges are increased accordingly. The maximum number of ranges is 20.

For further details refer to "Ranges and range settings" on page 4.150.

= Remote: ESP:RANG1:INS AFT (Spectrum Emission Mask)

Delete Range

Deletes the currently focused range, if possible. The range numbers are updated accordingly.
For further details refer to "Ranges and range settings" on page 4.150.

= Remote: ESP:RANG4 : DEL (Spectrum Emission Mask)
= Remote: LIST:RANG4 : DEL (Spurious Emissions)

1300.5053.12 4177 E-2



Power Measurements — MEAS Key R&S ESL

Edit Reference Range

Opens the Reference Range dialog box to edit the additional settings used for SEM
measurements.

Reference Range A

—Power Reference Type

Power Reference Type: |* Channel Power  Peak Power

—Channel Power Settings

Tz Bandwidth: 3.84 MHz

RRC Filter State:  ON ¢ OFF

—RRC Filter Settings

Alpha: |D.22

— Peak Power
Measures the highest peak within the reference range.
— Channel Power
Measures the channel power within the reference range (integral bandwidth method).

If the Channel Power reference power type is activated, the dialog box is extended to define
additional settings:

— Tx Bandwidth

Defines the bandwidth used for measuring the channel power:
minimum span < value < span of reference range

— RRC Filter State

Activates or deactivates the use of an RRC filter.
— RRC Filter Settings

Sets the alpha value of the RRC filter. This pane is only available if the RRC filter is activated.
For further details refer to "Ranges and range settings" on page 4.150.

Remote: ESP:RTYP PEAK
Remote: ESP:BWID 1MHZ
Remote: ESP:FILT OFF
Remote: ESP:FILT:ALPH 0.5

11 11

List Evaluation

Opens a submenu to edit the list evaluation settings.
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List Evaluation On/Off

Activates or deactivates the list evaluation.
= Remote: CALC:ESP:PSE:AUTO OFF (Spectrum Emission Mask)
= Remote: CALC: PSE:AUTO OFF (Spurious Emissions)
= Remote: TRAC? LIST

List Full Screen

Switches between split screen and full screen.

deactivated split screen (diagram and list)
activated list in full screen

= Remote: DISP:WIND2:SIZE LARG

Margin

Opens an edit dialog box to enter the margin used for the limit check/peak search.

= Remote: CALC:ESP: PSE:MARG 100 (Spectrum Emission Mask)
= Remote: CALC: PEAK:MARG 100 (Spurious Emissions)

Show Peaks

In the diagram, marks all peaks with blue squares that have been listed during an active list
evaluation.

= Remote: CALC:ESP:PSE: PSH ON (Spectrum Emission Mask)
= Remote: CALC: PSE:PSH ON (Spurious Emissions)

List Up/List Down

Scrolls through the evaluation list if the number of found peaks exceeds the number of rows
shown in the evaluation list table.

Save Evaluation List

Opens the ASCII File Export Name dialog box to save the result in ASCII format to a specified
file and directory. For further details refer also to the ASCII File Export softkey.

= Remote: MMEM: STOR:LIST 'test'

ASCII File Export

An example of an output file is given in "ASCII file export format (Spectrum Emission Mask)" on
page 4.154. For further details refer also to the ASCII File Export softkey in the trace menu of
the base unit.

= Remote: MMEM: STOR:LIST 'test'
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Decim Sep

For details refer to the Decim Sep softkey in the trace menu of the base unit.

Load Standard

Opens a dialog box to select an XML file which includes the desired standard specification. For
details on the provided XML files refer to "Provided XML files for the Spectrum Emission Mask
measurement" on page 4.151.

= Remote: ESP:PRES 'WCDMA\3GPP\DL\PowerClass 31 39.xml'

Restore Standard Files

Copies the XML files from the C:\R_S\instr\sem_backup folder to the C:\R_S\instr\sem_std
folder. Files of the same name are overwritten.

= Remote: ESP: PRES:REST

Meas Start/Stop

Aborts/restarts the current measurement and displays the status:

Start The measurement is currently running.

Stop The measurement has been stopped, or, in single sweep mode, the end of the sweep
has been reached.

Remote: ABOR

Remote: INIT:ESP (Spectrum Emission Mask)

Remote: INIT:SPUR (Spurious Emissions)

111

Remote: INIT:CONM (Spurious Emissions)
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Spurious Emissions

Opens a submenu to configure the Spurious Emissions measurement.

The Spurious Emissions measurement defines a measurement that monitors unwanted RF
products outside the assigned frequency band generated by an amplifier. The spurious
emissions are usually measured across a wide frequency range. The Spurious Emissions
measurement allows a flexible definition of all parameters.

Fef -20.0 dBm

||||||||l

Hz Hz Hz dBm dB

= Remote: SWE:MODE LIST

Adjust X—Axis

Adjusts the frequency axis of measurement diagram automatically so that the start frequency
matches the start frequency of the first sweep range, and the stop frequency of the last sweep
range.

Details On/Off

Configures the list contents.

On  Displays the whole list contents.

Off  Displays only the highest peaks (one peak per range).
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Peaks per Range

Opens an edit dialog box to enter the number of peaks per range that are stored in the list. Once
the selected number of peaks has been reached, the peak search is stopped in the current
range and continued in the next range. The maximum value is 50.

= Remote: CALC:PSE:SUBR 10

Harmonic Distortion

Opens a submenu to determine the settings for harmonics measurement and activates the
harmonic distortion measurement. With this measurement it is possible to measure easily the
harmonics e.g. from a VCO. In addition the THD (total harmonic distortion) is calculated in %
and dB.

With span > 0 Hz, an automatic search for the first harmonic is carried out within the set
frequency range. Also the level is adjusted. In zero span, the center frequency is unchanged.

In the upper pane, the zero span sweeps on all harmonics are shown, separated by display
lines. This provides a very good overview about the measurement. In the lower pane, the mean
RMS results are displayed in numerical values. The THD values are displayed in the marker
field.

= Remote: CALC:MARK: FUNC : HARM: STAT ON
= Remote: CALC:MARK: FUNC:HARM:DIST? TOT
= Remote: CALC:MARK:FUNC:HARM: LIST?

Harmonic On/Off

Activates/deactivates the harmonic distortion measurement.

= Remote: CALC:MARK:FUNC:HARM: STAT ON

No. of Harmonics

Sets the number of harmonics that shall be measured. The range is from 1 to 26.

= Remote: CALC:MARK:FUNC: HARM: NHAR 2

Harmonic Sweep Time

For details refer to the Sweeptime Manual softkey in the bandwidth menu.

Harmonic RBW Auto

Enables/disables the automatic adjustment of the resolution bandwidth. The automatic
adjustment is carried out according to:

RBWn = RBW; *n
If RBW, is not available, the next higher value is used.

= Remote: CALC :MARK:FUNC: HARM: BAND:AUTO OFF
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Adjust Settings

Activates the frequency search in the frequency range that was set before starting the harmonic
measurement (if harmonic measurement was with span > 0) and adjusts the level.

= Remote: CALC:MARK: FUNC : HARM: PRES

Full Size Diagram (span > 0)

Displays the diagram in full screen size.

= Remote: DISP:SIZE LARG|SMAL
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Using Limit Lines and Display Lines — LINES Key

The LINES key is used to configure limit and display lines.

To open the lines menu
» Press the LINES key.

The lines menu and the Select Limit Line dialog box are displayed. For details on the Select Limit
Line dialog box refer to "To select a limit line" on page 4.185.

Menu and softkey description
"Softkeys of the lines menu" on page 4.190

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information
"Display Lines" on page 4.188
"Limit Lines" on page 4.189

Task

— To work with display lines

— To select a limit line

— To create a new limit line

— To edit an existing limit line

— To create a new limit line based upon an existing limit line

— To activate/deactivate a limit line

To work with display lines

Initial situation: The line is switched on (softkey with highlighted background) or off (softkey without
highlighted background), for example the Display Line 1.

1. Press the Display Lines softkey.
2. Press the Display Line 1 softkey for the first time.

An edit dialog box is opened to enter the position of the display line (by rotary knob, step keys or
numerical entry). If the line was switched off, it is switched on. If it was switched on, it remains
switched on.

3. If another softkey is pressed, the edit dialog box for the Display Line 1 softkey is closed, but the
line remains switched on (softkey with highlighted background).

4. Press the Display Line 1 softkey for the second time.
The edit dialog box for the display line will be opened again.
5. Press the Display Line 1 softkey again.
The line is switched off (softkey without highlighted background).
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To select a limit line

1.

To display the Select Limit Line dialog box, press the LINES key or go to the main limit line menu.

Select Limit Line #

Traces| Show| Compatible

dBm - = yes

Yiew Filter: Show Directory Hide Directory |

i~ Show compatible * Show all

Comment: Test

Offset: ¥:|0.00 Hz ¥:|0.00 dB

All limit lines, saved in the default directory, and all subdirectories are displayed. For each limit line,
the following information is given:

Unit unit of the y—axis
Traces selected traces to check
Show limit line displayed in the measurement diagram or hidden

Compatible  compatibility of the limit line to the current measurement settings

To display only the limit lines that are compatible, activate the Show compatible option. For details
on compatibility refer to "Limit Lines" on page 4.189.

3. To navigate into a subdirectory, use the Show Directory and Hide Directory buttons.
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R&S ESL

To create a new limit line

1.

1300.5053.12

Press the New softkey to define a new limit line.

The Edit Limit Line dialog box is displayed. For more details on limit lines refer also to "Limit Lines"
on page 4.189.

Press the Edit Name softkey and enter a name, if you want to save the limit line in the main
directory. To save the limit line in an existing subdirectory, enter the relative path. A new
subdirectory can only be created using the FILE key (for details refer to section "Instrument
Functions — Basic Settings", "Saving and Recalling Settings Files — FILE Key".

To change the span setting, set the focus in the X—Axis field and change the unit via the rotary
knob: Hz for span > 0 Hz or s for zero span.

To change between absolute and relative scale mode for the x—axis, set the focus on the abs or rel
option next to the X—Axis field and press the CHECKMARK key. Relative scaling is always
suitable, if masks for bursts are to be defined in zero span, or if masks for modulated signals are
required for span > 0 Hz.

absolute:  The frequencies or times are interpreted as absolute physical units.

relative: In the data point table, the frequencies are referred to the currently set center
frequency. In the zero span mode, the left boundary of the diagram constitutes the

reference.

To change the scaling of the y—axis, set the focus in the Y—Axis field and change the unit using the
rotary knob.

To change between absolute and relative units for the y—axis, set the focus on the abs or rel option
next to the Y—Axis field and press the CHECKMARK key.

absolute:  The limit values refer to absolute levels or voltages.

relative: The limit values refer to the reference level (Ref Level). Limit values with the unit dB

are always relative values.

To define the limit line as upper or lower limit line, set the focus on the Upper or Lower option and
press the CHECKMARK key.

To change between linear or logarithmic scale of the x—axis, set the focus on the lin or log option
and press the CHECKMARK key.

If the scaling of the y—axis is relative, you can define an absolute threshold value that works as a
lower limit for the relative limit values (see figure below). Set the focus in the Threshold field and
enter a value.

The function is especially useful for mobile radio applications provided the limit values are defined
in relation to the carrier power as long as they are above an absolute limit value.

RBW 300 Hz Marker [T1]
VBW 3 kHz -28.4 dBm
Ref -20 dBm Att 10 dB SWT 100 ms 200.0100 MHz
000000,
W resulting limit
.. /
Cl
.
L]
‘e absolute threshgld
..
0000000000000 000, ll‘ 00000000
M relative limit line
Center 200 MHz 10 kHz/ Span 100 kHz
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10.

11.

12.

13.

14.
15.

16.

17.

To define a signal-level distance to the limit line, press the Edit Margin softkey and enter a value.

If the limit line is defined as an upper limit, the margin means that the level is below the limit line. If
the limit line is defined as a lower limit, the margin means that the level is above the limit line.

To enter a comment, press the Edit Comment and enter a comment, e.g. a description of the
application.

To enter a new data point:

— Press the Insert Value Above softkey.

— Enter the new x and y value in the successive displayed edit dialog boxes.

To change a data point:

— Set the focus on the x and y value to be changed and press the Value softkey.

— Enter the new x or y value in the displayed edit dialog box.

To delete a data point, select the corresponding entry and press the Delete Value softkey.

To shift the complete limit line parallel in the horizontal direction, select the Shift x button and enter
a x shift value.

To shift the complete limit line parallel in the vertical direction, select the Shift y button and and
enter an y shift value.

Press the Save Limit Line softkey.

If an existing name is used, a message box is displayed. You have to confirm before the limit line is
overwritten.

To edit an existing limit line

1.

In the Select Limit Line dialog box, select the limit line you want to alter. For details see also "To
select a limit line" on page 4.185.

Press the Edit softkey.
Edit the data as described in "To select a limit line" on page 4.185.

Save the limit line (Save Limit Line softkey).

To create a new limit line based upon an existing limit line

1.

In the Select Limit Line dialog box, select the limit line you want to use as a basis for a new limit
line. For details see also "To select a limit line" on page 4.185.

Press the Copy to softkey to transfer the data of the limit line into the Edit Limit Line dialog box.
Press the Edit Name softkey and enter a new name.

To shift the complete limit line parallel in the horizontal direction, select the Shift x button and enter
an x shift value. In this manner, a new limit line can be easily generated based upon an existing
limit line which has been shifted horizontally.

To shift the complete limit line parallel in the vertical direction, select the Shift y button and enter a
y shift value. In this manner, a new limit line can be easily generated based upon an existing limit
line which has been shifted in Y direction

If required, edit the data as described in "To select a limit line" on page 4.185.

Save the limit line (Save Limit Line softkey).
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To activate/deactivate a limit line
Prerequisites:

e The x— and y-units of limit line and current measurement setting have to be compatible. For details
refer to "Limit Lines" on page 4.189.

e The limit line has to consist of 2 or more data points.

1. Inthe Select Limit Line dialog box, select the limit line you want to activate/deactivate. For details
see also "To select a limit line" on page 4.185.

2. To activate or deactivate a limit line for a trace, press the Select Traces to check softkey and
select or deselect the trace(s) to which this limit line applies.

3. To deactivate the limit line for all traces, press the Deselect All softkey.

Display Lines

Display lines help to evaluate a trace — as do markers. The function of a display line is comparable to
that of a ruler that can be shifted on the trace in order to mark absolute values. They are exclusively
used to optically mark relevant frequencies or points in time (span = 0) as well as constant level values.
It is not possible to check automatically whether the points are below or above the marked level values.

The softkeys for setting and switching the display lines on/off work like triple switches. For details see
"To work with display lines" on page 4.184.

Two different types of display lines are provided:
e Two horizontal level lines for marking levels — Display Line 1 and 2

The level lines are continuous horizontal lines across the entire width of a diagram and can be
shifted in y direction.

e Two vertical frequency or time lines for marking frequencies or points in time — Frequency/Time
Line 1 and 2

The frequency or time lines are continuous vertical lines across the entire height of the diagram and
can be shifted in x direction.

Each line is identified by one of the following abbreviations:
e D1: Display Line 1

e D2:Display Line 2

e F1: Frequency Line 1

e F2: Frequency Line 2

e T1: Time Line 1

e T2: Time Line 2
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Limit Lines

Limit lines are used to define amplitude curves or spectral distribution boundaries on the display screen
which are not to be exceeded. They indicate, for example, the upper limits for interference radiation or
spurious waves which are allowed from a device under test (DUT). For transmission of information in
TDMA systems (e.g. GSM), the amplitude of the bursts in a timeslot must adhere to a curve that falls
within a specified tolerance band. The lower and upper limits may each be specified by a limit line.
Then, the amplitude curve can be controlled either visually or automatically for any violations of the
upper or lower limits (GO/NOGO test).

The instrument supports limit lines with a maximum of 50 data points. 8 of the limit lines stored in the
instrument can be activated simultaneously. The number of limit lines stored in the instrument is only
limited by the capacity of the flash disk used. For details see also "To select a limit line" on page 4.185.

Limit lines are compatible with the current measurement settings, if the following applies:

e The x unit of the limit line has to be identical to the current setting.

e The y unit of the limit line has to be identical to the current setting with the exception of dB based
units; all dB based units are compatible with each other.

At the time of entry, the R&S ESL immediately checks that all limit lines are in accordance with the

following guidelines:

e The frequencies/times for each data point must be entered in ascending order, however, for any
single frequency/time, two data points may be entered (vertical segment of a limit line).

e The data points are allocated in order of ascending frequency/time. Gaps are not allowed. If gaps
are desired, two separate limit lines must be defined and then both enabled.

e The entered frequencies/times need not necessarily be selectable in R&S ESL. A limit line may also
exceed the specified frequency or time range. The minimum frequency for a data point is —200
GHz, the maximum frequency is 200 GHz. For the time range representation, negative times may
also be entered. The allowed range is —1000 s to +1000 s.
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Softkeys of the lines menu

The following table shows all softkeys available in the lines menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

Menu / Command Command

Select Traces to check

Deselect All

New ¥ Edit Name

Edit Comment

Edit Margin

Value

Insert Value Above

Delete Value

Save Limit Line

Edit same contents as
New Limit Line menu

Copy to ¥ same contents as
New Limit Line menu

Delete

Display Lines # Display Line 1

Display Line 2

Frequency Line 1

Frequency Line 2

Time Line 1

Time Line 2

Select Traces to check

Opens the Select Traces to Check dialog box to activate the selected limit line for a trace. One
limit line can be activated for several traces simultaneously. For details see also "To
activate/deactivate a limit line" on page 4.188 .

= Remote: CALC:LIM2:TRAC 3
= Remote: CALC:LIM:STAT ON

Deselect All

Deactivates the selected limit line for all assigned traces. For details see also "To
activate/deactivate a limit line" on page 4.188 .

= Remote: CALC:LIM: STAT OFF
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New

Opens the Edit Limit Line dialog box and a submenu to define a new limit line. For details see
also "Limit Lines" on page 4.189 and "To select a limit line" on page 4.185.

Edit Name

Sets the focus on the Name field to enter or change the limit line name. A maximum of 8
characters is permitted for each name. All names must be compatible with the Windows XP
conventions for file names. The limit line data are stored under this name. The instrument stores
all limit lines with LIM as extension.

= Remote: CALC:LIM3:NAME "GSM1

Edit Comment

Sets the focus on the Comment field to enter or change a comment for the limit line. The text
must not exceed 40 characters.

= Remote: CALC:LIM5:COMM 'Upper limit for spectrum'

Edit Margin

Sets the focus on the Margin field to enter or change a margin for the limit line. The default
setting is 0 dB (i.e. no margin).

Value

Opens an edit dialog box to change an existing x or y value, depending on the selected column.
The softkey is only available if an existing value is selected.

The desired data points are entered in ascending order (two repeated frequencies/time values
are permitted).

= Remote: CALC:LIM3:CONT:DATA 1MHz, 3MHz, 30MHz
= Remote: CALC:LIM3:UPP:DATA -10,0,0
= Remote: CALC:LIM3:LOW:DATA -30,-40,-40

Insert Value Above

Creates an empty line above the selected data point to enter a new data point. This softkey
corresponds to the Insert button in the dialog box.

It is also possible to add a data point at the end of the list, if the focus is set below the last entry
line of the list.

The data points are entered in ascending order (two repeated frequencies/time values are
permitted). If the entered values are not in accordance with the ascending order rule, an error
message is displayed and the values are discarded.
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Delete Value

Deletes the selected data point (x and y value). All succeeding data points are shifted up
accordingly. This softkey corresponds to the Delete button in the dialog box.

The softkey is only available if an existing value is selected.

Save Limit Line

Saves the currently edited limit line under the name defined in the Name field.

Edit

Opens a submenu to edit limit lines. For details see also "Limit Lines" on page 4.189 and "To
edit an existing limit line" on page 4.187.

= Remote: For details refer to chapter "Remote Control — Commands", section "Definition of the limit
line".

Copy to

Copies the data of the selected limit line and displays it in the Edit Limit Line dialog box. If the
limit line is edited and saved under a new name, a new limit line can be easily generated by
parallel translation or editing of an existing limit line.

For details see also "Limit Lines" on page 4.189 and "To create a new limit line based upon an
existing limit line" on page 4.187.

= Remote: CALC:LIM3:COPY 2

Delete

Deletes the selected limit line.

= Remote: CALC:LIM3:DEL

Display Lines

Opens a submenu to enable, disable and set display lines. Which softkeys are available
depends on the display mode (frequency or time range). For details see also "Display Lines" on
page 4.188 and "To work with display lines" on page 4.184.

Display Line 1 and Display Line 2

Enable or disable the level lines 1/2 and open an edit dialog box to enter the position of the
lines. For details see also "Display Lines" on page 4.188 and "To work with display lines" on
page 4.184.

= Remote: CALC:DLIN:STAT ON
= Remote: CALC:DLIN -20dBm
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Frequency Line 1 and Frequency Line 2 (span > 0)

Enable or disable the frequency lines 1/2 and open an edit dialog box to enter the position of the

lines. For details see also "Display Lines" on page 4.188 and "To work with display lines" on
page 4.184.

= Remote: CALC:FLIN:STAT ON
= Remote: CALC:FLIN 120MHz

Time Line 1 and Time Line 2 (zero span)

Enable or disable the time lines 1/2 and open an edit dialog box to enter the position of the lines.

For details see also "Display Lines" on page 4.188 and "To work with display lines" on page
4.184.

= Remote: CALC: TLIN:STAT ON
= Remote: CALC: TLIN 10ms
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Measurement Modes

This section describes the provided measurement modes, the change of measurement modes and the
access to the menus of all active measurement modes. For details refer to the following sections:
e "Measurement Mode Selection — MODE Key" on page 4.195

e "Measurement Mode Menus — MENU Key" on page 4.196
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Measurement Mode Selection — MODE Key

The MODE key provides a quick access to the menu of the current measurement mode and a fast
change of the measurement mode. You can choose from the following measurement modes:

e Spectrum Analyzer mode

¢ Analog Demodulation mode (Analog Demodulation option, K7)

¢ Noise mode (Noise Figure Measurements option, K30)

To change the measurement mode
1. Press the MODE key.

The menu of the current measurement mode is displayed and the Measurement Modes dialog box
is opened.

2. To activate another mode, select the corresponding option and press the CHECKMARK key. More
than one measurement mode can be activated simultaneously.

3. To deactivate an activated mode, select the corresponding option and press the CHECKMARK
key.

Spectrum Analyzer mode

In the Spectrum Analyzer mode the functions provided correspond to those of a conventional
spectrum analyzer. The analyzer measures the frequency spectrum of the test signal over the selected
frequency range with the selected resolution and sweep time, or, for a fixed frequency, displays the
waveform of the video signal. This mode is set in the initial configuration.

Analog Demodulation mode (Analog Demodulation option, K7)

The Analog Demodulation mode requires an instrument equipped with the corresponding optional
software. This mode provides measurement functions for demodulating AM, FM, or PM signals. For
details refer to "Analog Demodulation (Option K7)" on page 4.204.

Noise mode (Noise Figure Measurements option, K30)

The Noise mode requires an instrument equipped with the corresponding optional software. This mode
provides accurate and flexible noise measurement functions. For details refer to "Noise Figure
Measurements Option (K30)" on page 4.227.
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Measurement Mode Menus — MENU Key

The MENU key provides a quick access to the menu of the current measurement mode. For details on
measurement modes refer to "Measurement Mode Selection — MODE Key" on page 4.195.

To access the main menu of an active measurement mode
» Press the MENU key.
The menu of the current measurement mode is displayed.

If the tracking generator, the power meter, and the spectrogram are available in the current
measurement mode, softkeys for these functions are also provided In the Spectrum Analyzer
mode with active acoustic monitoring, the softkey Marker Demod Volume to control the volume
control for acoustic monitoring is displayed.

Menu and softkey description
"Optional softkeys of the menu menu" on page 4.196

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Optional softkeys of the menu menu

Apart from the softkeys of the current measurement mode, the following optional softkeys are available
in the menu menu. It is possible that the basic unit does not provide all these softkeys. If a softkey is
only available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Menu / Command

Tracking Generator

Power Meter

Marker Demod Volume

Tracking Generator (models 13, 16)

Displays the menu of the Tracking Generator measurement mode. For details refer to
"Tracking Generator (Models 13 and 16)" on page 4.198.

Power Meter (Power Sensor Support option, K9)

Displays the menu of the Power Meter measurement mode. For details refer to "Power Meter
(Option K9)" on page 4.223.

Marker Demod Volume (Spectrum Analyzer mode)

Opens a dialog box to regulate the volume for acoustic monitoring.
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Models and Options

This section describes models and firmware options that are not included in the basic unit configuration.
If hardware options are controlled via the firmware, the provided softkeys are described in the
corresponding menu section. The information, with which special option or model these softkeys are
supplied, is delivered in the corresponding softkey description.

A list of all available hardware and firmware options is provided on CD-ROM. To check the options your
instrument provides, refer to the Quick Start Guide, chapter 2 "Preparing for Use". For details on
models and firmware options refer to the following sections:

e "Tracking Generator (Models 13 and 16)" on page 4.198

e "Analog Demodulation (Option K7)" on page 4.204

e "Power Meter (Option K9)" on page 4.223

e "Noise Figure Measurements Option (K30)" on page 4.227
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Tracking Generator (Models 13 and 16)

During operation the tracking generator emits a signal exactly at the input frequency of the R&S ESL.

The tracking generator can be used in all measurement modes. Acquisition of test setup calibration
values (see Source Cal softkey) and normalization using these correction values (see Normalize
softkey) is only possible in the tracking generator measurement mode. For details on measurement
modes refer to "Measurement Mode Selection — MODE Key" on page 4.195.

FFT filters (for details see "To choose the appropriate filter type" on page 4.96) are not available if the
tracking generator is active.

For measurements with running tracking generator it is recommended to set the start frequency to 3 x
resolution bandwidth in order to meet the data sheet accuracy.

Note: The RF characteristics of some DUTs are especially sensitive concerning the input VSWR. In
such cases insertion of 10-20 dB attenuation between the DUT and the tracking generator
output is recommended.

To open the tracking generator menu
1. Press the MENU key.
2. Press the Tracking Generator softkey.

The tracking generator menu is displayed.

Menu and softkey description
"Softkeys of the tracking generator menu" on page 4.201

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information
"Transmission measurement" on page 4.199
"Reflection measurement" on page 4.199

"Calibration mechanism" on page 4.199

Tasks

— To calibrate for transmission and reflection measurement

To calibrate for transmission and reflection measurement

Prerequisite: The instrument is in tracking generator measurement mode (for details refer to
"Measurement Mode Selection — MODE Key" on page 4.195).

1. Press the Source Power softkey to enter the generator output level.
If the tracking generator is off, it is switched on.
To enter a constant level offset for the tracking generator, press the Power Offset softkey.

Press the Source Cal softkey to open the submenu for calibration.
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4. To record a reference trace for transmission measurement, press the Cal Trans softkey.

The recording of the reference trace and the completion of the calibration sweep are indicated
by message boxes.

5. Torecord a reference trace for reflection measurement, press the Cal Refl Short or Cal Refl Open
softkey.

The recording of the reference trace and the completion of the calibration sweep are indicated
by message boxes.

Press the Normalize softkey to switch on the normalization.
Press the Ref Value Position softkey to display the reference line.

Press the Ref Value softkey to enter a value to shift the reference line.

© © N o

Press the Recall softkey to restore the settings used for source calibration.

Transmission measurement

This measurement will yield the transmission characteristics of a two—port network. The built—in tracking
generator serves as a signal source. It is connected to the input connector of the DUT. The input of the
R&S ESL is fed from the output of the DUT. A calibration can be carried out to compensate for the
effects of the test setup (e.g. frequency response of connecting cables).

GEN OUTPUT —— DUT — — RFINPUT

Fig. 4-9: Test setup for transmission measurement

Reflection measurement

Scalar reflection measurements can be carried out by means of a reflection—coefficient measurement
bridge.

GEN OUTPUT ——— Bridge ————— RFINPUT

DUT

Fig. 4-10: Test setup for reflection measurement

Calibration mechanism

Calibration means a calculation of the difference between the currently measured power and a
reference curve, independent of the selected type of measurement (transmission/reflection). The
hardware settings used for measuring the reference curve are included in the reference dataset.

Even with normalization switched on, the device settings can be changed in a wide area without
stopping the normalization. This reduces the necessity to carry out a new normalization to a minimum.

For this purpose the reference dataset (trace with 501 measured values) is stored internally as a table
of 501 points (frequency/level).
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Differences in level settings between the reference curve and the current device settings are taken into
account automatically. If the span is reduced, a linear interpolation of the intermediate values is applied.
If the span increases, the values at the left or right border of the reference dataset are extrapolated to
the current start or stop frequency, i.e. the reference dataset is extended by constant values.

An enhancement label is used to mark the different levels of measurement accuracy. This
enhancement label is displayed at the right diagram border if normalization is switched on and a
deviation from the reference setting occurs. Three accuracy levels are defined:

Table 4-9: Measurement accuracy levels

Accuracy Enhancement label Reason/Limitation
high NOR no difference between reference setting and measurement
medium APX (approximation) change of the following settings:

coupling (RBW, VBW, SWT)

reference level, RF attenuation

start or stop frequency

output level of tracking generator

detector (max. peak, min. peak, sample, etc.)
change of frequency:

max. 501 points within the set sweep limits (corresponds to a doubling of the span)

Aborted normalization

more than 500 extrapolated points within the current sweep limits (in case of span
doubling)

Note: At a reference level of —10 dBm and at a tracking generator output level of the same value the
R&S ESL operates without overrange reserve, i.e. the R&S ESL is in danger of being
overloaded if a signal is applied whose amplitude is higher than the reference line. In this case,
either the message OVLD for overload or IFOVL for exceeded display range (clipping of the
trace at the upper diagram border = overrange) is displayed in the status line.

Overloading can be avoided as follows:

¢ Reducing the output level of the tracking generator (Source Power softkey in the tracking
generator menu)

e Increasing the reference level (Ref Level softkey in the amplitude menu)

1300.5053.12

4.200 E-2




R&S ESL

Tracking Generator (Models 13 and 16)

Softkeys of the tracking generator menu

The following table shows all softkeys available in the tracking generator menu. It is possible that your
instrument configuration does not provide all softkeys. If a softkey is only available with a special option,
model or (measurement) mode, this information is delivered in the corresponding softkey description.

For the description
4.196.

of the other main softkeys refer to "Optional softkeys of the menu menu" on page

Menu / Command Command

Source On/Off

Source Power

Power Offset

Source Cal ¥ Cal Trans
Cal Refl Short
Cal Refl Open
Normalize
Ref Value Position
Ref Value
Recall

Source On/Off

Switches the tracking generator on or off. Default setting is off.

If the tracking generator is switched off, the corresponding hardware settings and the
normalization are discarded. To switch off the tracking generator but keep the hardware settings
and the normalization, enter —400 dBm into the edit dialog box displayed by pressing the
Source Power softkey.

= Remote: OUTP

:STAT ON

Source Power

Opens an edit dialog box to enter a tracking generator output power. The default output power is
—20 dBm. The range is specified in the data sheet. Additionally, the value —400 dBm is available
to switch off the tracking generator but keep the hardware settings.

If the tracking generator is off, it is automatically switched on if an output power value is entered.
For details on switching on or off refer to the Source On/Off softkey.

= Remote: SOUR:

POW -20dBm
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Power Offset

Opens an edit dialog box to enter a constant level offset for the tracking generator. Values from
—200 dB to +200 dB in 1 dB steps are allowed. The default setting is 0 dB. Offsets are indicated
by the enhancement label LVL.

With this offset for example attenuators or amplifiers at the output connector of the tracking
generator can be taken into account for the displayed output power values on screen or during
data entry. Positive offsets apply to an amplifier and negative offsets to an attenuator
subsequent to the tracking generator.

= Remote: SOUR: POW:0OFFS -10dB

Source Cal

Opens a submenu to configure calibration for transmission and reflection measurement. For
details on the test setups see "Transmission measurement" on page 4.199 and "Reflection
measurement" on page 4.199.

Cal Trans

Starts a sweep that records a reference trace. This trace is used to calculate the difference for
the normalized values.

= Remote: CORR:METH TRAN

Cal Refl Short

Starts a sweep as reference trace for short—circuit calibration.

If both calibrations (open circuit, short circuit) are carried out, the calibration curve is calculated
by averaging the two measurements and stored in the memory. The order of the two calibration
measurements is free.

= Remote: CORR:METH REFL

Cal Refl Open

Starts a sweep as reference trace the open—circuit calibration.

If both calibrations (open circuit, short circuit) are carried out, the calibration curve is calculated
by averaging the two measurements and stored in the memory. The order of the two calibration
measurements is free.

= Remote: CORR:COLL OPEN

Normalize

Switches the normalization on or off. The softkey is only available if the memory contains a
reference trace. For details on normalization see "Calibration mechanism" on page 4.199.

= Remote: CORR ON
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Ref Value Position

Switches the reference line on or off. The reference line marks the reference position at which
the normalization result (calculated difference with a reference trace) is displayed. For details on
the reference line see "Calibration mechanism" on page 4.199.

= Remote: DISP:WIND:TRAC:Y:RPOS 10PCT

Ref Value

Opens an edit dialog box to enter a position value that shifts the reference line vertically. By
default the reference line corresponds to a difference of 0 dB between the currently measured
trace and the reference trace.

If, e.g. after a source calibration, a 10 dB attenuation is inserted into the signal path between
DUT and R&S ESL input, the measurement trace will be moved by 10 dB down. Entering a
reference value of —10 dB will shift the reference line also by 10 dB down and place the
measurement trace on the reference line. The deviation from the nominal power level can be
displayed with higher resolution (e.g. 1 dB/div). The power is still displayed in absolute values.

= Remote: DISP:WIND:TRAC:Y:RVAL -10dB

Recall

Restores the settings that were used during source calibration. This can be useful if device
settings were changed after calibration (e.g. center frequency, frequency deviation, reference
level, etc).

= Remote: CORR:REC

1300.5053.12 4.203 E-2



Analog Demodulation (Option K7) R&S ESL

Analog Demodulation (Option K7)

The digital signal processing in the R&S ESL, used in the analyzer mode for digital IF filters, is also
ideally suited for demodulating AM, FM, or PM signals. The firmware option R&S FSL-K7 provides the
necessary measurement functions.

The R&S ESL is equipped with a demodulator that is capable of performing AM, FM, and PM
demodulation at a time. Additionally maximum, minimum and average or current values can be
obtained parallelly over a selected number of measurements.

By sampling (digitization) already at the IF and digital down—conversion to the baseband (1/Q), the
demodulator achieves maximum accuracy and temperature stability. There is no evidence of typical
errors of an analog down—conversion and demodulation like AM to FM conversion and vice versa,
deviation error, frequency response or frequency drift at DC coupling.

To open the analog demodulation menu

» If the Analog Demodulation mode is not the active measurement mode, press the MODE key and
activate the Analog Demodulation option.

» If the Analog Demodulation mode is already active, press the MENU key.

The analog demodulation menu is displayed. If the tracking generator (models 13, 16) or the power
meter (option Power Sensor Support, K9) is available, softkeys for these functions are also
provided.

Menu and softkey description

— "Softkeys of the analog demodulation menu" on page 4.208

— "Softkeys of the frequency menu (Analog Demodulation mode)" on page 4.215
— "Softkeys of the span menu (Analog Demodulation mode)" on page 4.217

— "Softkeys of the amplitude menu (Analog Demodulation mode)" on page 4.218
— "Softkeys of the bandwidth menu (Analog Demodulation mode)" on page 4.220
— "Softkeys of the sweep menu (Analog Demodulation mode)" on page 4.220

— "Softkeys of the trigger menu (Analog Demodulation mode)" on page 4.221

Apart from the power measurement menu that is not available in the Analog Demodulation mode, all
other menus are provided as described for the base unit. For details refer to the corresponding menu
descriptions.

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information

— "Circuit description — block diagrams" on page 4.205
— "Demodulation bandwidth" on page 4.206

— "AF trigger" on page 4.206

— "Stability of measurement results" on page 4.206

— "Sample rate, measurement time and trigger offset" on page 4.207
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Circuit description — block diagrams

The software demodulator runs on the main processor of the analyzer. The demodulation process is
shown in Fig. 4-11: Block diagram of software demodulator. All calculations are performed
simultaneously with the same 1/Q data set. Magnitude (= amplitude) and phase of the complex 1/Q pairs
are determined. The frequency result is obtained from the differential phase.

For details on the analyzer signal processing refer to chapter "Remote Control — Commands", section
"TRACe:1Q Subsystem".
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Fig. 4-11: Block diagram of software demodulator

The AM DC, FM DC and PM DC raw data of the demodulators is fed into the Trace Arithmetic block
that combines consecutive data sets. Possible trace modes are: Clear Write, Max Hold, Min Hold and
Average (for details refer to section "Trace mode overview" on page 4.114). The output data of the
Trace Arithmetic block can be read via remote control.

The collected measured values are evaluated by the selected detector (for details refer to chapter
"Instrument Functions", section "Detector overview". The result is displayed on the screen and can be
read out via remote control.
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In addition, important parameters are calculated:

e A counter determines the modulation frequency for AM, FM, and PM.

e average power = carrier power (RF power)

e average frequency = carrier frequency offset (FM)

e The modulation depth or the frequency or phase deviation is displayed.

e AC coupling is possible with FM and PM display. The deviations are determined from the trace
data. +Peak, —Peak, 2 Peak—Peak and RMS are displayed.

Demodulation bandwidth

The demodulation bandwidth is not the 3 dB bandwidth but the useful bandwidth which is distortion—free
with regard to phase and amplitude.

Therefore the following formulas apply:

e AM: demodulation bandwidth > 2 x modulation frequency

e FM: demodulation bandwidth > 2 x (frequency deviation + modulation frequency)

e PM: demodulation bandwidth > 2 x modulation frequency x (1 + phase deviation)

Note: If the center frequency of the analyzer is not set exactly to the signal frequency, the demodulation
bandwidth must be selected larger by the carrier offset, in addition to the requirement described
above. This also applies if FM or PM AC coupling has been selected.

In general, the demodulation bandwidth should be as narrow as possible to improve the S/N ratio. The
residual FM caused by noise floor and phase noise increases dramatically with the bandwidth,
especially with FM.

AF trigger

The analog demodulation option allows triggering to the demodulated signal. The display is stable if a
minimum of five modulation periods are within the recording time.

Triggering is always DC—coupled. Therefore triggering is possible directly to the point where a specific
carrier level, phase or frequency is exceeded or not attained.

Stability of measurement results

Despite amplitude and frequency modulation, the display of carrier power and carrier frequency offset is
stable.

This is achieved by a digital filter which sufficiently suppresses the modulation, provided, however, that
the measurement time is > 3 x 1/ modulation frequency, i.e. that at least three periods of the AF signal
are recorded.

The mean carrier power for calculating the AM is also calculated with a digital filter that returns stable
results after a measurement time of > 3 x 1 / modulation frequency, i.e. at least three cycles of the AF
signal must be recorded before a stable AM can be shown.
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Sample rate, measurement time and trigger offset

Depending on the sample rate, the maximum demodulation bandwidths listed in the table can be
obtained during the measurement. The permissible value range of the measurement time and trigger
offset depends on the selected demodulation bandwidth. If the AF filter or the AF trigger are not active,
the measurement time enlarges by 20%.

Demod. Sample rate Measurement time Trigger offset
bandwidth
Min. Max. with Max. with Min. Max.

AF filter or | AF filter and

AF trigger | AF trigger

active deactive
18 MHz 32 MHz 31.25ns 12.5ms 15 ms -12.5ms 507.9 ms
10 MHz 32 MHz 31.25ns 12.5ms 15 ms -12.5ms 507.9 ms
8 MHz 16 MHz 62.5ns 25ms 30 ms —-25ms 1.015s
5 MHz 8 MHz 125 ns 50 ms 60 ms -50 ms 2.031s
3 MHz 4 MHz 250 ns 100 ms 120 ms -100 ms 4.063 s
1.6 MHz 2 MHz 500 ns 200 ms 240 ms —200 ms 8.126 s
800 kHz 1 MHz 1ups 400 ms 480 ms —400 ms 16.25 s
400 kHz 500 kHz 2 s 800 ms 960 ms —800 ms 3250s
200 kHz 250 kHz 4 ps 16s 1.92s -1.6s 65.00 s
100 kHz 125 kHz 8 us 32s 3.84s -3.2s 130.0s
50 kHz 62.5 kHz 16 ps 6.4s 7.68s —6.4s 260.0s
25 kHz 31.25 kHz 32 us 12.8s 15.36 s -128s 520.0s
12.5 kHz 15.625 kHz 64 us 256s 30.72s -256s 1040 s
6.4 kHz 7,8125 kHz 128 us 512s 61.44 s -51.2s 2080 s
3.2kHz 3,90625 kHz 256 pus 102.4 s 122.88 s -102.4 s 4160 s
1.6 kHz 1,953125 kHz 512 pus 204.8 s 24576 s —204.8 s 8321s
800 Hz 976,5625 Hz 1.024 ms 409.6 s 491.52's -409.6 s 16643 s
400 Hz 488,28125 Hz 2.048 ms 819.2s 983.04 s -819.2s 33287 s
200 Hz 244,140625 Hz 4.096 ms 1638.4 s 1966.08 s -1638.4 s 66574 s
100 Hz 122,0703125 Hz 8.192 ms 3276.8 s 3932.16 s -3276.8 s 133148 s
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Softkeys of the analog demodulation menu

The following table shows all softkeys available in the analog demodulation menu. It is possible that
your instrument configuration does not provide all softkeys. If a softkey is only available with a special
option, model or (measurement) mode, this information is delivered in the corresponding softkey
description.

Menu / Command Submenu / Command Command
Modulation AM/FM/PM
Result Display AF Time Domain
AF Spectrum
RF Time Domain
RF Spectrum
Select Trace
Diagram Full Size
Demod BW
Meas Time
AF Range ¥ Dev per Division/dB per Division
Reference Position
Reference Value
Deviation Lin/Log
Demod Settings # AF Coupling AC/DC
AF Filter % Low Pass AF Filter
High Pass AF Filter
Deemphasis
Zero Phase Reference Point
Phase Wrap On/Off
Phase Unit Rad/Deg
More #
Zoom

Modulation AM/FM/PM

Selects the display of demodulated AM, FM, or PM signal. In single sweep mode, the data is
determined from the current I/Q data set, i.e. a change to AM/FM/PM does not trigger a new
measurement.

If FM is selected, the average value of the demodulated signal is mapped depending on the AF
Coupling AC/DC softkey setting.

= Remote: CALC:FEED 'XTIM:FM'
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Result Display

Opens a submenu to select the measurement result to be displayed. The RF or AF signal in the
zero span or the RF or AF frequency spectrum determined via FFT can be selected for display.

In order to display the measurement results, the screen is divided in two halves. In the upper
half, the measurement results are displayed as a trace. In the lower half the results of additional
evaluation functions are shown.

All displays are determined from the I/Q data set recorded for the measurement. In single sweep
mode, the single data set recorded can be evaluated in all displays simply by switching the
result display.

AF Time Domain

Selects the AF display in zero span, calculated from the AM, FM, or PM signal.

= Remote: CALC:FEED 'XTIM:FM'

AF Spectrum

Selects the display of the AF spectrum. The AF spectrum can be calculated from the AM, FM, or
PM signal in zero span.

= Remote: CALC:FEED 'XTIM:FM:AFSP'

RF Time Domain

Selects the display of the RF signal in zero span. In contrast to normal analyzer operation, the
level values are determined from the recorded 1/Q data set as root—-mean—square values.

The softkey is not available if the RF spectrum display is selected.

= Remote: CALC:FEED 'XTIM:RFP'

RF Spectrum

Selects the display of the RF signal in span > 0. In contrast to normal spectrum analyzer
operation, the measured values are determined using FFT from the recorded I/Q data set.

= Remote: CALC:FEED 'XTIM:SPECTRUM'

Select Trace

Opens an edit dialog box to enter the number of the trace for which the data is to be displayed in
the lower half of the screen. Only activated traces can be selected.

Diagram Full Size

Switches the diagram to full screen size.

= Remote: DISP:SIZE LARG
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Demod BW

Opens an edit dialog box to enter the demodulation bandwidth of the analog demodulation. The
demodulation bandwidth determines the sampling rate for recording the signal to be analyzed.
For details on the relation between demodulation bandwidth and sampling rate refer to "Sample
rate, measurement time and trigger offset" on page 4.207.

= Remote: BAND:DEM 1MHz

Meas Time

Opens an editor for entering the measurement time of the analog demodulation. For details on
the measurement time values refer to "Sample rate, measurement time and trigger offset" on
page 4.207.

= Remote: ADEM:MTIM 62.5US
= Remote: SWE:TIME 10s

AF Range

Opens a submenu for determining the diagram scaling for AF displays.

The range for RF displays is set via the amplitude menu. For details refer to "Setting the Level
Display and Configuring the RF Input — AMPT Key" on page 4.91.

Dev per Division

Opens an edit dialog box to set the modulation depth or the phase or frequency deviation per
division:

AM display: 0.0001% to 1000%

FM display: 1 Hz/div to 1 MHz/div

PM display: 0.0001 rad/div to 1000 rad/div

The softkey is not available if logarithmic display is set (Deviation Lin/Log softkey).

= Remote: DISP:WIND:TRAC:Y:PDIV 50kHz

dB per Division

Opens an edit dialog box to set the modulation depth or the FM or PM deviation to be displayed
in the range 0.1 dB/div to 20 dB/div.

The softkey is not available if linear display is set (Deviation Lin/Log softkey).

= Remote: DISP: TRAC:Y:PDIV 5DB
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Reference Position

Determines the position of the reference line for the modulation depth or the phase or frequency
deviation on the y—axis of the diagram. By default, this line is set to 0.

The position is entered as a percentage of the diagram height with 100 % corresponding to the
upper diagram border. The default setting is 50 % (diagram center) for the display of the AM,
FM, or PM signal, and 100% (upper diagram border) for the AF spectrum display of the AM, FM,
or PM signal.

= Remote: DISP: TRAC:Y:RPOS 50PCT

Reference Value

Determines the modulation depth or the frequency or phase deviation at the reference line of the
y—axis. The reference value is set separately for each display of the AM, FM, and PM signal and
the AF spectrum of the AM, FM, and PM signal.

- AM/FM/PM signal display

The trace display takes individual frequency/phase offsets into account (in contrast, the AF
Coupling AC/DC softkey permits automatic correction by the average frequency/phase offset
of the signal, and can therefore not be activated simultaneously).

Possible values: 0 and £ 10000% (AM), 0 and = 10 MHz (FM), 0 and = 10000 rad (PM).
— AF spectrum display of the AM/FM/PM signal

In the default setting, the reference value defines the modulation depth or the FM/PM deviation
at the upper diagram border.

Possible values: 0 and 10000% (AM), 0 and 10 MHz (FM), 0 and 10000 rad (PM).

= Remote: DISP:TRAC:Y:RVAL 0HZ

Deviation Lin/Log

Switches between logarithmic and linear display of the modulation depth or the frequency or
phase deviation.

= Remote: DISP: TRAC:Y:SPAC LOG

Demod Settings

Opens a submenu for the demodulation settings.

AF Coupling AC/DC

Controls the automatic correction of the frequency offset and phase offset of the input signal:
— FM signal display

If DC is selected, the absolute frequency is displayed, i.e. an input signal with an offset relative
to the center frequency is not displayed symmetrically with respect to the zero line.

If AC is selected, the frequency offset is automatically corrected, i.e. the trace is always
symmetric with respect to the zero line.
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PM signal display

If DC is selected, the phase runs according to the existing frequency offset. In addition, the DC
signal contains a phase offset of +r.

If AC is selected, the frequency offset and phase offset are automatically corrected, i.e. the
trace is always symmetric with respect to the zero line.

The softkey is not available with the AF spectrum display of the FM or PM signal.

= Remote: ADEM:AF:COUP DC

AF Filter

Opens a submenu to select the appropriate filters. The bandwidth of the demodulated signal can
be reduced by high pass or low pass filters and also a de—emphasis can be switched on. The
selected filters are used for AM, FM and PM demodulation in common. Individual settings are
not possible.

Low Pass AF Filter

Opens the Low Pass AF Filter dialog box to select the filter type. Relative and absolute low
pass filter are available.

Relative low pass filters:

The filters (3 dB) can be selected in % of the demodulation bandwidth. The filters are designed
as 5Sth—order Butterworth filter (30 dB/octave) and active for all demodulation bandwidths.

Absolute low pass filters:

The filter are indicated by the 3 dB cutoff frequency. The 3 kHz and 15 kHz filters are designed
as 5Sth—order Butterworth filter (30 dB/octave). The 150 kHz filter is designed as 8th—order
Butterworth filter (48 dB/octave).

The absolute low pass filters are active in the following demodulation bandwidth range:
3 kHz: 6.4 kHz < demodulation bandwidth < 4 MHz

15 kHz: 50 kHz < demodulation bandwidth < 16 MHz
150 kHz: 400 kHz < demodulation bandwidth < 16 MHz

= Remote: FILT:LPAS ON
= Remote: FILT:LPAS:FREQ 150kHz
= Remote: FILT:LPAS:FREQ 25PCT
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High Pass AF Filter

Opens the High Pass AF Filter dialog box to switch on a high pass filter with the given limit to
separate the DC component. The filters are indicated by the 3 dB cutoff frequency. The filters
are designed as 2nd-order Butterworth filter (12 dB/octave).

The high pass filters are active in the following demodulation bandwidth range:

50 Hz: 200 Hz < demodulation bandwidth < 4 MHz
300 Hz: 800 Hz < demodulation bandwidth < 16 MHz

A

IA

= Remote: FILT:HPAS ON
= Remote: FILT:HPAS:FREQ 300Hz

Deemphasis

Opens the Deemphasis dialog box to switch on a deemphasis with the given time constant.

The deemphasis is active in the following demodulation bandwidth range:

25 ys: 25 kHz < demodulation bandwidth < 18 MHz
50 ps: 6.4 kHz < demodulation bandwidth < 18 MHz
75 us: 6.4 kHz < demodulation bandwidth < 18 MHz
750 us: 800 Hz < demodulation bandwidth < 4 MHz

The following table shows the required demodulation bandwidth for an error less than 0.5 dB up
to a maximum AF frequency.

deemphasis 25 us 50 us 75 us 750 us
max. AF frequency 25 kHz 12 kHz 8 kHz 800 Hz
required demodulation bandwidth > 200 kHz > 100 kHz | > 50 kHz > 6.4 kHz

For higher AF frequencies the demodulation bandwidth must be increased.
= Remote: FILT:DEMP ON
= Remote: FILT:DEMP:TCON 750us

Zero Phase Reference Point

Defines the position at which the phase of the PM-demodulated signal is set to 0 rad. The entry
is made with respect to time. In the default setting, the first measured value is set to 0 rad.

This softkey is only available in the PM display with DC coupling.
= Remote: ADEM: PM:RPO 500us
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Phase Wrap On/Off

Activates/deactivates the phase wrap.

On  The phase will be displayed in the range £180° (£/7 ). For example, if the phase
exceeds +180°, 360° is subtracted from the phase value, with the display thus
showing >-180°.

Off The phase will not be wrapped.

This softkey in available in the PM signal displays.

= Remote: CALC:FORM PHAS

Phase Unit Rad/Deg

Sets the phase unit to rad or deg for displaying PM signals.

= Remote: UNIT:ANGL RAD

Zoom

Activates or deactivates the zoom function. The zoom function is not available if the number of
measurement points falls below 501.

activated: A 1-to—1 allocation is selected, i.e. each measurement point corresponds to a
measured value. The start of the zoom window can be determined in the
associated field by entering the time.

deactivated:  If more measured values than measurement points are available, several
measured values are combined in one measurement point according to the
method of the selected trace detector. For details on detectors refer to
"Detector overview" on page 4.116.

= Remote: ADEM: ZOOM ON
= Remote: ADEM: ZOOM: STARt 30US
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Softkeys of the frequency menu (Analog Demodulation mode)

The following table shows all softkeys available in the frequency menu in Analog Demodulation mode
(FREQ key). It is possible that your instrument configuration does not provide all softkeys. If a softkey is
only available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Menu / Command Command

Center

CF Stepsize % 0.1*Span/0.1*Demod BW
0.5*Span/0.5*Demod BW
x*Span/x*Demod BW
=Center
Manual

AF Center

AF Start

AF Stop

Center

For details refer to the Center softkey in the frequency menu of the base unit.

CF Stepsize

For details refer to the CF Stepsize softkey in the frequency menu of the base unit.

0.1*Span (RF Spectrum)

For details refer to the 0.1*Span softkey in the frequency menu of the base unit.

0.1*Demod BW (AF/RF Time Domain, AF Spectrum)

For details see 0.1*RBW softkey in the frequency menu of the base unit.

0.5*Span (RF Spectrum)

For details refer to the 0.5*Span softkey in the frequency menu of the base unit.

0.5*Demod BW (AF/RF Time Domain, AF Spectrum)

For details see 0.5*RBW softkey in the frequency menu of the base unit.

x*Span (RF Spectrum)

For details refer to the x*Span softkey in the frequency menu of the base unit.
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x*Demod BW (AF/RF Time Domain, AF Spectrum)

For details see x*RBW softkey in the frequency menu of the base unit.

=Center

For details refer to the =Center softkey in the frequency menu of the base unit.

Manual

For details refer to the Manual softkey in the frequency menu of the base unit.

AF Center (AF Spectrum)

Opens an edit box to enter the center frequency within the AF spectrum.

= Remote: ADEM:AF:CENT 1MHZ

AF Start

Opens an edit box to define the start frequency within the AF spectrum.

= Remote: ADEM:AF:STAR 0HZ

AF Stop

Opens an edit box to define the stop frequency within the AF spectrum.
The maximum AF stop frequency corresponds to half the demodulation bandwidth.

= Remote: ADEM:AF:STOP 2MHZ
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Softkeys of the span menu (Analog Demodulation mode)

The following table shows all softkeys available in the span menu in Analog Demodulation mode
(SPAN key). It is possible that your instrument configuration does not provide all softkeys. If a softkey is
only available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Command

Span Manual/AF Span Manual

Demod Bandwidth

Full Span/AF Full Span

Span Manual (RF Spectrum)

If the RF spectrum display is active, values between the sampling rate/200 and the
demodulation bandwidth/2 are allowed.

For further details refer to the Span Manual softkey in the span menu of the base unit.

= Remote: ADEM: SPEC: SPAN:Z00M 5 MHz

AF Span Manual (AF Spectrum)

Opens an edit dialog box to enter the frequency range for the AF spectrum display. Values
between the sampling rate/1000 and the demodulation bandwidth/2 are allowed.

= Remote: ADEM:AF:SPAN 2.5 MHz

Demod Bandwidth

For details see Demod BW softkey in the analog demodulation menu.

Full Span (RF Spectrum)

If the RF spectrum display is active, the full frequency range corresponds to the demodulation
bandwidth.

For further details refer to the Full Span softkey in the span menu of the base unit.

= Remote: ADEM: SPEC: SPAN: ZOOM MAX

AF Full Span (AF Spectrum)

Sets the span to the maximum frequency range for the AF spectrum display. The maximum
frequency range corresponds to the demodulation bandwidth.

= Remote: ADEM:AF: SPAN: FULL
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Softkeys of the amplitude menu (Analog Demodulation mode)

The following table shows all softkeys available in the amplitude menu in Analog Demodulation mode
(AMPT key). It is possible that your instrument configuration does not provide all softkeys. If a softkey is
only available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Menu / Command Command

Ref Level

Range Log/Range Linear

AF Range ¥ Dev per Division/dB per Division

Reference Position

Reference Value

Deviation Lin/Log

Preamp On/Off

RF Atten Manual

RF Atten Auto

More ¥

Ref Level Offset

Ref Level Position

Grid Abs / Rel

Unit

Input 50 Q/75Q

Ref Level

For details refer to the Ref Level softkey in the amplitude menu of the base unit.

Range Log (RF result display)

This softkey is only available for the RF result display. For the RF result display, the AF Range
softkey is used.

For details refer to the Range Log softkey in the amplitude menu of the base unit.

Range Linear (RF result display)

This softkey is only available for the RF result display. For the RF result display, the AF Range
softkey is used.

For details refer to the Range Linear softkey in the amplitude menu of the base unit.

AF Range (AF result display)

For details refer to the AF Range softkey in the analog demodulation menu.
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Dev per Division

For details refer to the Dev per Division softkey in the analog demodulation menu.

dB per Division

For details refer to the dB per Division softkey in the analog demodulation menu.

Reference Position

For details refer to the Reference Position softkey in the analog demodulation menu.

Reference Value

For details refer to the Reference Value softkey in the analog demodulation menu.

Deviation Lin/Log

For details refer to the Deviation Lin/Log softkey in the analog demodulation menu.

Preamp On/Off (option RF Preamplifier, B22)

For details refer to the Preamp On/Off softkey in the amplitude menu of the base unit.

RF Atten Manual

For details refer to the RF Atten Manual softkey in the amplitude menu of the base unit.

RF Atten Auto

For details refer to the RF Atten Auto softkey in the amplitude menu of the base unit.

Ref Level Offset

For details refer to the Ref Level Offset softkey in the amplitude menu of the base unit.

Ref Level Position

For details refer to the Ref Level Position softkey in the amplitude menu of the base unit.

Grid Abs / Rel (not available with Range Linear)

For details refer to the Grid Abs / Rel softkey in the amplitude menu of the base unit.
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Unit (PM AF result display)

For details refer to the Unit softkey in the amplitude menu of the base unit.

Input 50 Q /75 Q

For details refer to the Input 50 Q / 75 Q softkey in the amplitude menu of the base unit.

Softkeys of the bandwidth menu (Analog Demodulation mode)

The following table shows all softkeys available in the bandwidth menu in Analog Demodulation mode
(BW key). It is possible that your instrument configuration does not provide all softkeys. If a softkey is
only available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Command

Res BW

Demod BW

Meas Time

Res BW (span > 0)

Opens an edit dialog box to enter a value for the resolution bandwidth. The range is specified in
the data sheet.

= Remote: ADEM:SPEC:BAND 10 kHz

Demod BW

For details refer to the Demod BW softkey in the in the analog demodulation menu.

Meas Time

For details refer to the Meas Time softkey in the in the analog demodulation menu.

Softkeys of the sweep menu (Analog Demodulation mode)

The following table shows all softkeys available in the sweep menu in Analog Demodulation mode
(SWEEP key). It is possible that your instrument configuration does not provide all softkeys. If a softkey
is only available with a special option, model or (measurement) mode, this information is delivered in
the corresponding softkey description.

Command

Continuous Sweep

Single Sweep

Continue Sgl Sweep

Meas Time

Sweep Count
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Continuous Sweep

For details refer to the Continuous Sweep softkey in the in the sweep menu of the base unit.

Single Sweep

For details refer to the Single Sweep softkey in the in the sweep menu of the base unit.

Continue Sgl Sweep

For details refer to the Continue Single Sweep softkey in the in the sweep menu of the base
unit.

Meas Time

For details refer to the Meas Time softkey in the in the analog demodulation menu.

Sweep Count

For details refer to the Sweep Count softkey in the in the sweep menu of the base unit.

Softkeys of the trigger menu (Analog Demodulation mode)

The following table shows all softkeys available in the trigger menu in Analog Demodulation mode
(TRIG key). It is possible that your instrument configuration does not provide all softkeys. If a softkey is
only available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Command

Trigger Source

Trigger Level

Trigger Polarity Pos/Neg

Trigger Offset

Trigger Source

Opens the Trigger dialog box to select the trigger mode. Additional to the trigger modes
described in section "Trigger mode overview" on page 4.108, the following trigger modes are

available:
Selected option | Specified threshold
AM (Offline) modulation depth of the AM signal
FM (Offline) frequency of the FM signal
PM (Offline) phase of the PM signal
RF (Offline) level of the RF signal
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In Analog Demodulation mode, the next measurement is triggered if the selected input signal
exceeds the threshold specified using the Trg / Gate Level softkey. A periodic signal modulated

onto the carrier frequency can be displayed in this way. It is recommended that the measurement
time covers at least five periods of the audio signal.

For further details refer to the Trg / Gate Source softkey in the trigger menu.

= Remote: TRIG:SOUR IMM | IFP | EXT | FM | PM | AM | RF (Free Run, IF Power,
Extern, FM (Offline), PM (Offline), AM (Offline), RF (Offline))

Trigger Level

For details refer to the Trg / Gate Level softkey in the in the trigger menu of the base unit.

Trigger Polarity Pos/Neg

For details refer to the Trg / Gate Polarity Pos/Neg softkey in the in the trigger menu of the
base unit.

Trigger Offset

For details on the relation between demodulation bandwidth (option Analog Demodulation,

R&S FSL-K7) and trigger offset refer to "Sample rate, measurement time and trigger offset" on
page 4.207.

For details refer to the Trigger Offset softkey in the in the trigger menu of the base unit.
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Power Meter (Option K9)

For precise power measurement a power sensor is connected to the instrument via the front panel
(USB connector) or the rear panel (power sensor, option R&S FSL-B5). The Power Sensor Support
firmware option provides the power measurement functions for this test setup (see Fig. 4-12: Power
sensor support — standard test setup). Both manual operation and remote control are supported. The
functions of this firmware option are described in this section. For details on the connectors and
compatible power sensors refer to the Quick Start Guide, chapter 1, "Front and Rear Panel".

Signal | g Power | | pegopg
source Sensor

Fig. 4-12: Power sensor support — standard test setup

To open the power meter menu
1. Press the MENU key.
2. Press the Power Meter softkey.

The power meter menu is displayed.

Menu and softkey description
"Softkeys of the power meter menu" on page 4.224

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Tasks
— To zero the power meter

— To use the power meter

To zero the power meter
1. Press the Zero softkey.

A dialog box is displayed that prompts you to disconnect all signals from the input of the power
Sensor.

2. Disconnect all signals from the input of the power sensor and press ENTER to continue.
3. Wait until zeroing is complete.

A corresponding message is displayed.
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To use the power meter

1.
2.

Press the Frequency Coupling softkey to select the coupling option.

If you have selected the Manual coupling option, press the Frequency Manual softkey to enter the
frequency of the signal which power you want to measure.

Press the Unit/Scale softkey to set the unit for the power result display.

If you have selected dB or % as units (relative display), define a reference value:

— To set the currently measured power as a reference value, press the Meas—>Ref softkey.
— To enter a reference value, press the Reference Value softkey.

Press the Meas Time/Average softkey to select the measurement time. For recommendations refer
to the Meas Time/Average softkey description.

Softkeys of the power meter menu

The following table shows all softkeys available in the power meter menu. It is possible that your
instrument configuration does not provide all softkeys. If a softkey is only available with a special option,
model or (measurement) mode, this information is delivered in the corresponding softkey description.

For the description of the other main softkeys refer to "Optional softkeys of the menu menu" on page

4.

196.

Command

Power Meter On/Off

Frequency Manual

Frequency Coupling

Unit/Scale

Zero

Meas Time/Average

More ¥

Meas—>Ref

Reference Value

Use Ref Lev Offset

Number of Readings

Power Meter On/Off

Switches the power measurement on or off.

= Remote: PMET ON

Frequency Manual

Opens an edit dialog box to enter the frequency of the signal to be measured. The power sensor
has a memory with frequency—dependent correction factors. This allows extreme accuracy for
signals of a known frequency.

= Remote: PMET:FREQ 1GHZ
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Frequency Coupling

Opens the Frequency Coupling dialog box to select the coupling option. The frequency can be
coupled automatically to the center frequency of the instrument or to the frequency of marker 1,
or manually to a set frequency (see Frequency Manual softkey).

= Remote: PMET: FREQ:LINK CENT

Unit/Scale

Opens the Unit/Scale dialog box to select the unit with which the measured power is to be
displayed.

If dB or % is selected, the display is relative to a reference value that is defined with either the
Meas—>Ref softkey or the Reference Value softkey.

= Remote: UNIT:PMET: POW DBM
= Remote: UNIT:PMET:POW:RAT DB

Zero

Starts zeroing of the power sensor. For details on the zeroing process refer to "To zero the
power meter" on page 4.223.

= Remote: CAL:PMET: ZERO: AUTO ONCE; *WAT

Meas Time/Average

Opens the Meas Time dialog box to select the measurement time or to switch to manual
averaging mode. In general, results are more precise with longer measurement times. The
following settings are recommended for different signal types to obtain stable and precise

results:

Short Stationary signals with high power (> —40dBm), because they require only a
short measurement time and short measurement time provides the highest
repetition rates.

Normal Signals with lower power or of modulated signals

Long Signals at the lower end of the measurement range (<—50 dBm) or
signals with lower power to minimize the influence of noise.

Manual Switches to manual averaging mode. The average count is set with the

Number of Readings softkey.

= Remote: PMET:MTIM SHOR
= Remote: PMET:MTIM:AVER ON

Meas—>Ref

Sets the currently measured power as a reference value for the relative display. The reference
value can also be set manually via the Reference Value softkey.

= Remote: CALC: PMET:REL:AUTO ONCE
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Reference Value

Opens an edit dialog box to enter a reference value for relative measurements in the unit dBm.

= Remote: CALC: PMET:REL —-30DBM

Use Ref Lev Offset

If activated, takes the reference level offset set for the analyzer (Ref Level Offset softkey) into
account for the measured power. If deactivated, takes no offset into account.

= Remote: PMET:ROFF OFF

Number of Readings

Opens an edit dialog box to enter the number of readings (averagings) to be performed after a
single sweep has been started. This softkey is only available if manual averaging is selected
(Meas Time/Average softkey).

The values for the average count range from 0 to 256 in binary steps (1, 2, 4, 8,...). For average
count = 0 or 1, one reading is performed. The averaging and sweep count of the trace menu are
independent from this setting.

Results become more stable with extended average, particularly if signals with low power are
measured. This setting can be used to minimize the influence of noise in the power meter
measurement.

= Remote: PMET:MTIM:AVER:COUN 8
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Noise Figure Measurements Option (K30)

The Noise Figure Measurements option provides noise figure measurements. Using this option, the
noise figure of a Device Under Test, e.g. low—noise FET amplifier circuits, with noise figures of less than
1 dB can be measured.

To open the noise figure measurements menu

> If the Noise mode is not the active measurement mode, press the MODE key and activate the
Noise option.

» If the Noise mode is already active, press the MENU key or the MEAS key.

The noise figure measurements menu is displayed. .

Menu and softkey description

— "Softkeys of the noise figure measurements menu (Noise mode)" on page 4.232
— "Softkeys of the sweep menu (Noise mode)" on page 4.245

— "Softkeys of the trace menu (Noise mode)" on page 4.246

— "Softkeys of the marker menu (Noise mode)" on page 4.247

— "Softkeys of the marker—> menu (Noise mode)" on page 4.248

— "Softkeys of the lines menu (Noise mode)" on page 4.249

The span and trigger menus are not available in the Noise mode. All other menus are provided as
described for the base unit. For details refer to the corresponding menu descriptions.

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information

— "Measurement modes of the noise figure measurement" on page 4.228
— "Calibration" on page 4.229

— "Measurement forms" on page 4.229

— "Measurement settings" on page 4.229

— "Result displays" on page 4.230

— "Status bar information" on page 4.232

Tasks
— To edit tables

— To work with limit lines
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To edit tables

1. Select the table header using the rotary knob or arrow keys and press rotary knob or the ENTER
key to enter into the edit mode.

Focus the field you want to edit using the arrow keys or the rotary knob.
Enter the values (for details refer to the Quick Start Guide, chapter 4, "Basic Operations").
To insert a new row above the currently selected row, press the Insert softkey.

To delete the currently selected row, press the Delete softkey.

o o 0w N

Only available for the Frequency Table:
To update the table according to the Frequency Settings, press the Build Thbl softkey.

7. Press the Exit softkey to leave the edit mode.

To work with limit lines
1. Press the LINES key.

The Limit Lines dialog box is displayed. It contains information on name, limit, status, and a
comment.

2. To activate limit lines, select the limit line you want to activate and press the Enable/Disable
softkey.

To define a new limit line, press the New softkey and enter the limit line characteristics.
To modify a limit line, select the limit line you want to edit and press the Edit softkey.
To save a limit line, press the Exit softkey.

If data are missing or if some data are invalid, an error message is displayed.

6. To delete a limit line, select the limit line you want to edit and press the Delete softkey.

Further information

This section provides background information on measurements and displayed information.

Measurement modes of the noise figure measurement

Noise measurements are performed on many different types of device under test (DUT). The type of
DUT to be measured determines the test setup and also how the frequency list is to be generated. To
support these different types of DUT, two different noise figure measurement types are available:

e Direct measurement

e Frequency—converting measurement
— Fixed LO, IF =RF + LO
— Fixed LO, IF = abs(RF - LO)

The setup for the different measurement types is described with the Schematic softkey. The
measurement mode is set in the Frequency Settings dialog box, Mode field.
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Calibration

The calibration measures the noise introduced to a signal by the spectrum analyzer itself to
compensate it in measurements on a device under test. This compensation is called 2nd stage
correction, because the spectrum analyzer is the second stage of the test setup, the DUT being the first
stage.

If the second stage correction is activated (Measurement Settings dialog box, 2nd Stage Correction
option), a separate calibration measurement is performed before the main measurement (for details on
the measurement setup refer to chapter "Advanced Measurement Examples"). The data measured in
the calibration measurement are used for compensation in the main measurement.

It is strongly recommended to perform calibration before running measurements (Cal softkey). It is
possible to run measurements in an uncalibrated status, but the measurement results will not be
corrected for any noise introduced by the spectrum analyzer itself.

If the list of receive frequencies (RF) is changed, at which the measurements are performed, calibration
is necessary again to ensure that calibration data are available for every measurement step. For details
on frequency settings refer to the Freq Settings softkey.

Measurement forms

Two forms of measurements are possible:
e frequency list measurement

A measurement is performed at each of the frequencies listed in the frequency list (Freq Settings
softkey). The noise figure of the DUT across a user—specified range of frequencies is measured. In
single sweep mode, each frequency point is measured once and complete. In continuous sweep
mode, one frequency point after the other is measured in turn until the measurement is aborted.

o fixed frequency measurement

A continuous measurement is performed at the single frequency currently selected in the
Frequency List Results. This individual frequency from the frequency list measurement is
investigated in more detail, for example to see the effect of dynamic changes to the noise figure of
the DUT at a particular frequency (see also Fix Freq softkey).

Measurement settings

The overall measurement settings used to obtain the current measurement results are displayed below
the title bar (see Fig. 4-13). The following settings are listed:

Setting Defined in
RBW Measurement Settings dialog box, RBW field
Average Measurement Settings dialog box, Average field

RF Attenuation Measurement Settings dialog box, RF Attenuation field

Auto Ref Level Measurement Settings dialog box, Automatic Ref Level field

2nd Stage Corr Measurement Settings dialog box, 2nd Stage Correction field

Image Rej Frequency Settings dialog box, Image Rej field

Fig. 4-13 Measurement settings for the noise figure measurement (example)
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Result displays

The result displays consist of two panes:

Current Value pane

In the title bar of this pane, the current measurement mode of the noise figure measurement (on the
left) and the calibration status of the noise figure measurement (on the right, if the second stage
correction is switched on) are displayed.

Below, the settings and measurement results for the currently selected measurement point in the
frequency list are displayed:

Parameter Description

RF Receive frequency at the DUT at which the current values were measured (Hz).

LO Local oscillator frequency (Hz), only displayed for frequency—converting measurements
IF Intermediate frequency (Hz), only displayed for frequency—converting measurements
ENR ENR value (dB), refers to the receive frequency (RF)

Loss In Loss at the input of the DUT (dB), refers to the receive frequency (RF)

Loss Out Loss at the output of the DUT (dB)

frequency—converting measurements: refers to the intermediate frequency (IF)
direct measurements: refers to the receive frequency (RF)

NF Noise figure measured (dB)

Noise Temp Noise temperature (K), derived from measured noise figure

Gain Gain measured (dB)

Fixed LO,JF=RF+L0O Current Value

854 MHz

Fig. 4-14 Current Value pane (example)

Frequency List Result or graph (frequency list results only)

The measurement results are represented according to the measurement form (see "Measurement
forms").

frequency list results

The measurement results for all frequencies defined in the Frequency Table are displayed in form
of a graph (see Fig. Graphical result display (example)) or a table (Frequency List Results, see
Fig.Tabular result display (example)), depending on the currently selected result display (see
Display List/Graph softkey). The measurement results are updated as the measurement is in
progress. Under Current Value, the details of the currently selected frequency in the Frequency
List Results are displayed.
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Fig. 4-15 Graphical result display (example)

Fig. 4-16 Tabular result display (example)
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fixed frequency results

Under Current Value, the measurement results for the fixed frequency are displayed and
continuously updated. The Frequency List Results do not change — these are the results of the
last frequency list measurement.

Status bar information

The status bar displays the following information:

parameter values

If a parameter in a settings dialog box is selected, the minimum and maximum values for the
selected parameter are displayed.

If a Boolean or an enumarated parameter in a dialog box is selected, the minimum and maximum
values are displayed as N/A for not applicable.

measurement status

During the measurement, the current measurement status along with detailed information about the
progress is displayed.

error messages (with red background)

warning messages (with yellow background)

Softkeys of the noise figure measurements menu (Noise mode)

The following table shows all softkeys available in the noise figure measurements menu. It is possible
that your instrument configuration does not provide all softkeys. If a softkey is only available with a
special option, model or (measurement) mode, this information is delivered in the corresponding softkey
description.

Command

Freq Settings

Display List/Graph

Display Settings

ENR Settings

Loss Settings

Meas Settings

Schematic

Table edit mode

Build Tbl

Exit

Insert

Delete
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Freq Settings

Opens the Frequency Settings dialog box. Alternatively, this dialog box is opened by pressing
the FREQ key (with focus on the Start Freq field).

Frequency Settings Frequency Table
RF LO IF

Start Freq 250 MHz 550.000 MHz (0000 Hz 550,000 MHz
Stop Freg |560 MHz 552,000 MHz (0000 Hz  |552.000 kHz
Step Frey |2 MHz 554000 MHz 0000HZ  [554.000 WHz

Fixed LD, IF=RF+LO = 556000 MHz |0.000 Hz  |556.000 MHz
Fixed LO |0 Hz 558.000 MHz 0.000 Hz 558.000 MHz
Image Rej |999.99 dB S560.000 MHz (0000 Hz  |560.000 MHz

The Frequency Settings dialog box contains the following elements:

Frequency Settings Start Freq

Stop Freq

Step Freq
Mode
Fixed LO

Image Rej

Frequency Table

Under Frequency Settings, the frequency settings and the measurement mode are set.

Under Frequency Table, the individual measurement steps are listed that will be performed
exactly in the order of the table. They are generated from the start frequency, the stop
frequency, and the step size on basis of the selected mode. If the start frequency is smaller than
the stop frequency, the RF values are generated into a list of ascending frequencies. If the start
frequency is larger, the list is descending. Not more than 100 measurement steps are possible.
If the gap between start and stop frequency is too large, increase the step frequency.

Depending on the measurement type, the Frequency Table contains the following columns:

Measurement type Column Description
Direct measurement RF receive frequency, generated from the Start Freq, the Stop
Frequency—converting measurement Freq, and the Step Freq field entries
Frequency—converting measurement LO constant LO frequency, defined via the Fixed LO field
IF IF frequency, calculated according to the Mode field
Image image frequency, shows whether image frequency filters are
required and for which frequency range the image rejection
of the DUT is needed (Image Rej field)

It is possible to customize the Frequency Table by editing, deleting, and inserting measurement
steps. This might be useful in order to insert extra measurement steps near to a specific
frequency of interest in order to get more detailed results. If the start, stop, or step frequency is
changed, the Frequency Table is generated afresh and all manual modifications are
overwritten. To customize this table, proceed according to "To edit tables" on page 4.228.

= Remote: FREQ:LIST:DATA 550MHz, 300MHz, 900MHz (Frequency Table)
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Start Freq

Specifies the start frequency. This is the first receive frequency (RF) entry in the Frequency
Table and the Frequency List Results (result display).

If the start frequency is changed, the Frequency Table is updated accordingly.

= Remote: FREQ: STAR 500MHZ

Stop Freq

Specifies the stop frequency. This is the last receive frequency (RF) entry in the Frequency
Table and the Frequency List Results (result display).

If the stop frequency is changed, the Frequency Table is updated accordingly.

= Remote: FREQ:STOP 700MHZ

Step Freq

Specifies the step size between the single measurement steps. If the step frequency is larger
than the difference between the start frequency and the stop frequency, the Frequency Table
and the Frequency List Results (result display) just contain the start and stop frequency.

If the step frequency is changed, the Frequency Table is updated accordingly.

= Remote: FREQ:STEP 10MHZ

Mode

Specifies the measurement mode. For details on modes refer to "Measurement modes of the
noise figure measurement" on page 4.228.

If the mode is changed, the Frequency Table is updated accordingly.

= Remote: SENS:CONF : MODE : DUT DOWN

Fixed LO

Specifies the fixed local oscillator frequency. This field is only available if a frequency—converting
measurement mode is selected (Mode field). For details on modes refer to Measurement modes
of the noise figure measurement.

If the fixed LO is changed, the Frequency Table is updated accordingly.

= Remote: SENS:CONF:MODE: SYST:LOSC:FREQ 1MHZ
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Image Rej

Specifies the suppression applied to the second sideband. This field is only available if a
frequency—converting measurement mode is selected. For details on modes refer to
"Measurement modes of the noise figure measurement" on page 4.228.

The value entered is applied across the complete frequency range. A value of 999.99 dB
corresponds to the generally used single—sideband measurement (SSB), where the second
sideband does not noticeably affect the measurement result. This is the default value. A value of
0 dB corresponds to the double—sideband measurement (DSB), where both sidebands are
converted to the same extent.

= Remote: CORR: IREJ 100

Display List/Graph

Configures the result display. The measurement results are displayed either in form of a list of
measurement points or as a graphical trace. For further details refer to "Result displays" on page
4.230.

= Remote: DISP: TABL ON

Display Settings

Opens the Graphic dialog box to modify the graphical results display.

Results Settings
Combined Trace [«

Noise Trace Settings

Y-Axis Maoise Figure
Autamatic Scaling
Min Y-Axis MF 0dB
hin ¥-Axis Temp |0 K
hdax Y-Axis NF 20 dB
Max ¥-Axis Temp [10000 K
Symbols

Gain Trace Settings
¥-Ais [«
Automatic Scaling [
hin Y-Axis

hax Y -Axis

Symbols

MHoise and Gain X-Axis Settings
i

Under Results Settings, the settings that affect the overall results display are defined. Under
Noise Trace Settings, the settings related to the graphical display of noise results are defined.
Under Gain Trace Settings, the settings related to the graphical display of gain results are
defined.

The Graphic dialog box contains the following elements:

Results Settings Combined Trace Display

Noise Trace Settings Y—Axis
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Automatic Scaling
Min Y-Axis NF
Min Y-Axis Temp
Max Y—Axis NF

Max Y—Axis Temp

Symbols

Gain Trace Settings Y—Axis

Automatic Scaling
Min Y-Axis
Max Y—Axis

Symbols

Noise and Gain X—Axis Settings X—Axis

Combined Trace Display

Activates or deactivates the combined trace display of noise and gain results.

On  The noise and gain traces are displayed in the same trace display in different colors.

Off  The noise and gain traces are displayed in different trace displays.

= Remote: DISP:FORM SING

Y—Axis

Specifies the type of noise result that is to be displayed graphically:
— Noise Figure

— Noise Temperature

— Off (no noise results are displayed graphically)

= Remote: DISP:DATA:TRAC1 NFIG|TEFF
= Remote: DISP: TRAC OFF

Automatic Scaling

Activates or deactivates the automatic scaling of the Y—axis.
On  The y—axis is scaled automatically. The automatic scaling algorithm provides the
optimal display of the complete range of results.

Off  The automatic scaling of the y—axis is switched off, and the scale has to be specified
manually:
for noise results via the Min Y-Axis NF/Min Y-Axis Temp/Max Y-Axis NF/Max Y-
Axis Temp fields,

for gain results via the Min Y—-Axis/Max Y—Axis fields.

= Remote: DISP: TRAC:Y:AUTO ON
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Min Y—Axis NF/Max Y—Axis NF

Specifies the minimum/maximum noise figure result that can be displayed graphically. It is only
possible to enter a value, if the automatic scaling is deactivated (see Automatic Scaling
option), and the y—axis is set to Noise Figure (see Y-Axis field).

= Remote: DISP: TRAC:Y:BOTT -30
= Remote: DISP: TRAC:Y:TOP 30

Min Y—Axis Temp/Max Y-Axis Temp

Specifies the minimum/maximum noise temperature result that can be displayed graphically. It is
only possible to enter a value, if the automatic scaling is deactivated (see Automatic Scaling
option), and the y—axis is set to Noise Figure (see Y-Axis field).

= Remote: DISP:TRAC:Y:BOTT -30
= Remote: DISP:TRAC:Y:TOP 30

Symbols

Activates or deactivates the symbol representation. If activated, each measured value is marked
by a symbol. This helps to distinguish result types in a monochrome printout.

= Remote: DISP: TRAC:SYMB ON

Y—Axis

Activates or deactivates the graphical display of gain results.

= Remote: DISP: TRAC2 OFF

Min Y-Axis/Max Y-Axis

Specifies the minimum/maximum gain result that can be displayed graphically. It is only possible
to enter a value, if the automatic scaling is deactivated (see Automatic Scaling option), and the
y—axis is activated (see Y-Axis field).

= Remote: DISP: TRAC2:Y:BOTT 1
= Remote: DISP:TRAC2:Y:TOP 10

X-Axis

Specifies the scaling of the x—axis. This parameter is only editable in a frequency—converting
measurement mode.

= Remote: DISP:TRAC:X IF
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ENR Settings

Opens the ENR dialog box.

ENR Settings ENR. Tahle
RF ENR
Selection Constant 550 MHz 5 dB
ENR Constant 15 dB 560 MHz 10 dE
Room Temperature 293 K 570 MHz 20 dB

The abbreviation ENR stands for excess noise ratio. Correct ENR values for the noise source
are essential to perform accurate measurements. They are used to calculate the effective noise
temperature of the noise source that in turn is used for calculation of measurement results.

Under ENR Settings, the default ENR value is 15 dB as a constant value that is valid for all
frequencies.

Under ENR Table, the frequency—dependent ENR values are listed. The list can contain up to
100 RF/ENR pairs. The order of the RF values in the list is not important. To modify this table,
proceed as described in "To edit tables" on page 4.228. ENR tables can be saved and recalled at
any time via the FILE key (for details refer to the section "Saving and Recalling Settings Files —
FILE Key"). Additionally to the data saved by the basic unit, all data entered in the ENR Settings
dialog box are saved.

The ENR Settings dialog box contains the following elements:

ENR Settings Selection
ENR Constant

Room Temperature

ENR Table

= Remote: CORR:ENR:MEAS: TABL:DATA 1MHZ, 10, 2MHZ, 12 (ENR Table)

Selection

Defines the used ENR values.

Constant The value specified in the ENR Constant field is used for all frequencies. The
entries of the ENR Table are ignored.

Table The entries of the ENR Table provide the basis for the ENR values. Between
these values the R&S ESL uses interpolated values.

= Remote: CORR:ENR:MODE SPOT

ENR Constant

Specifies the constant ENR value of the noise source that is used throughout the entire
frequency range. This parameter is only editable if, in the Selection list, Constant is selected.

= Remote: CORR:ENR:SPOT 30
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Room Temperature

Specifies the current room temperature as an absolute value in Kelvin. This value is used in the
calculation of the noise results.

= Remote: CORR: TEMP 291.50

Loss Settings

Opens the LOSS dialog box to take additional losses due to cables or attenuators into account
that are not considered in the calibration.

Loss Input Settings Loss Output Settings

Selection Constant Selection Table -
Loss Imnput Constant |1 dB Lass Output Constant
Loss Input Table Loss Output Table
RF Lass Input RF Loss Output
550 MHz 0 4B 550 MHz 1dE
560 MHz 2 dB 560 MHz 2 dB

Under Loss Input Settings, the additional loss between the noise source and the DUT is
defined. Under Loss Output Settings, the additional loss between the DUT and the analyzer is
defined.

Under Loss Input Table or Loss Output Table, the list can contain up to 100 RF/ENR pairs.
The order of the RF values in the list is not important. To modify this table, proceed as described
in "To edit tables" on page 4.228. Loss tables can be saved and recalled at any time via the FILE
key (for details refer to the section "Saving and Recalling Settings Files — FILE Key").
Additionally to the data saved by the basic unit, all loss input & output data entered in the Loss
Settings dialog box are saved.

The Loss Settings dialog box contains the following elements:

Loss Input Settings Selection

Loss Input Constant

Loss Input Table

Loss Output Settings Selection

Loss Output Constant

Loss Output Table

= Remote: CORR: 0SS : INP: TABL 1MHz,10,2MHz, 12 (Loss Input Table)
= Remote: CORR:L.0SS:0UTP: TABL 1MHz,10,2MHz, 12 (Loss Output Table)
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Selection

Defines the used Loss values.

Constant The values specified in the Loss Input Constant/Loss Output Constant fields
are used for all frequencies. The entries of the Loss Input/Output Table are
ignored.

Table The entries of the Loss Input/Output Table provide the basis for the Loss
values. Between these values the R&S ESL uses interpolated values.

= Remote: CORR:LOSS: INP:MODE SPOT
= Remote: CORR:LOSS:0UTP:MODE SPOT

Loss Input Constant/Loss Output Constant

Specifies the constant loss value that is used across the entire frequency range. This parameter

is only editable if, in the Selection list, Constant is selected.

= Remote: CORR:LOSS:INP:SPOT 10
= Remote: CORR:LOSS:0UTP:SPOT 10

Meas Settings

Opens the Measurement Settings dialog box to modify all settings related to the overall

measurement.

Alternatively, the Measurement Settings dialog box is opened as follows:
— AMPT key, with focus on the RF Attenuation field

— BW key, with focus on the RBW field

Measurement Settings

Calibration

2nd Stage Correction |—

REW

Sweep Time
Settling Time
Ayerage

RF Attenuation

Ref Level
Range
Preamplifiar

Analyzer Settings

1 MHz

Automatic Ref Level

100 ms
a0 ms
1
0dB
v

30 db

1300.5053.12

4.240

E-2



R&S ESL Noise Figure Measurements Option (K30)

Under Calibration, the second stage correction can be activated or deactivated. For details
refer also to "Calibration" on page 4.229.

Under Analyzer Settings, the general settings for the spectrum analyzer concerning the level,
attenuation and bandwidth of the signal to be measured are defined.

The Measurement Settings dialog box contains the following elements:

Calibration 2nd Stage Correction

Analyzer Settings RBW

Sweep Time

Settling Time

Average

RF Attenuation

Automatic Ref Level

Ref Level

Range

Preamplifier

2nd Stage Correction

Activates or deactivates the second stage correction.

On  The calibration data recorded via the Cal softkey are used to correct the measurement
results. The calibration data are stored independent of the state of the option.

Off  No correction is applied to the measurement results.

For details refer also to "Calibration" on page 4.229.

= Remote: CORR ON

RBW

Specifies the resolution bandwidth for the measurement.

A large value improves the averaging of the display considerably, reduces the influence of
external sources of interference, and permits the fastest measurement time possible.

A low value should only be used across a very small frequency range. For measurements at low
frequencies, the RBW must be reduced to prevent the LO frequency of the analyzer from
invalidating the measurement. At receive frequencies of 100 kHz, the RBW must not exceed 10
kHz.

= Remote: BAND 1MHz

Sweep Time

Specifies the time one complete measurement sweep takes. Two sweeps are performed for
each measurement step (once with noise source on, once with noise source off).

For narrow bandwidths, the sweep time should be increased in order to give accurate
measurement results.

= Remote: SWE:TIME 10s
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Settling Time

Specifies the time the DUT takes to settle after a noise source has been turned on or off.

Most noise sources generate an interfering DC component in addition to the noise spectrum. If
the noise source is switched on or off, low—frequency DUTs may require this settling time for
coupling capacitors to be charged or discharged.

= Remote: SYST:CONF:DUT:STIM 1000MS

Average

Specifies the number of measurement sweeps over which the average is taken to produce the
displayed measurement results.

The higher the number of sweeps, the more accurate the measurement results, but the
measurement time is significantly longer.

An average value of 1 means that each displayed result is produced from one measurement
sweep. This is sufficient for most cases.

= Remote: SWE:COUN 10

RF Attenuation

Specifies the attenuation that is applied to the received RF signal.

To obtain a low noise figure for the analyzer and hence more accurate noise measurements,
0 dB should be set. For high DUT power levels or critical matching, a higher setting is also
possible. A setting of 10 dB will give a much better VSWR (voltage standing wave ratio) of the
analyzer, but will result in a worse noise figure of the analyzer.

= Remote: INP:ATT 30 DB

Automatic Ref Level

Activates or deactivates the automatic reference level setting.

Off  Specify a reference level manually (see Ref Level softkey).

On  The reference level is measured automatically. The total measurement time increases.

The automatic reference level measurement is performed as follows:
— 2nd stage correction activated:

At the beginning of the calibration measurement, several measurements are performed at the
first frequency test point and the reference level is calculated from these results taking into
account the maximum gain of the DUT (see Range softkey).

— 2nd stage correction deactivated:

At the beginning of the main measurement, several measurements are performed at the first
frequency test point and the reference level is calculated from these results. The range setting
is not significant.

= Remote: DISP: TRAC:Y:RLEV:AUTO ON
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Ref Level

Specifies the reference level. It is only possible to enter a reference level manually, if the
automatic reference level is deactivated (see Automatic Ref Level softkey).

The reference level should be about 5 to 15 dB above the noise display that occurs with the
DUT connected and the noise source activated.

Even for DUTs with a high—ripple frequency response it can be useful to enter the reference
level manually, because an automatic reference level setting may not always result in optimal
settings.

= Remote: DISP:TRAC:Y:RLEV 0

Range

Specifies the maximum gain expected from the DUT.

If the 2nd Stage Correction is activated, this value is used to calculate the automatic reference
level to ensure that the expected power of the measured signal will be within the optimum
operating range of the spectrum analyzer (see Automatic Ref Level softkey).

To ensure accurate measurement results, the range should not exceed the actual gain of the
DUT by more than a margin of 10 dB.

= Remote: SYST:CONF:DUT:GAIN 10

Preamplifier

Activates or deactivates the preamplifier of the R&S ESL.

= Remote: INP:GAIN:STAT ON

Schematic

Displays the schematic diagram of the test setup for the selected measurement type and the
specified frequency ranges. If the frequency ranges are changed, the schematic diagram is
updated accordingly.

— Direct measurement

The direct measurement mode is designed for DUTs without frequency—conversion, e.g.
amplifiers.

The schematic display for the direct measurement mode is shown in Fig. 4-17. The upper part
of the figure shows the setup for calibration. The lower part of the figure shows the test setup
for the measurement.

Calibration

Spectrum Analyzer
RF Min/Max
Measurement
:} N i Converting
Noise Source d Loss In DUT Spectrum Analyzer
RF Min/Max RF Min/Max

Fig. 4-17 Schematic diagram for direct measurements
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— Frequency-converting measurement

The frequency—converting measurement mode is designed for frequency—converting DUTs that
have a fixed Local Oscillator (LO) frequency, for example, satellite converters with a fixed LO

frequency. .

The schematic display for the frequency—converting measurement mode is shown in Fig. 4-18.
The upper part of the figure shows the setup for calibration. The lower part of the figure shows
the test setup for the measurement.

Calibration

Spectrum Analyzer
IF Min/Max
Measurement
Noise Source ‘[,[ Loss In

RF Min/Max

Image Frequency Min/Max

Converting
DuUT

Spectrum Analyzer

IF Min/Max

Local
Oscillator

LO Min/Max

Fig. 4-18 Schematic diagram for frequency converting measurements

Build Thl

Updates the table according to the Frequency Settings (Freq Settings softkey).

Exit

Exits the edit mode of a table.

Insert

Inserts a row above the currently selected row and sets the focus on the first field of the new

row.

This softkey is only available if the Frequency Table contains less than 100 measurement

steps.

Delete

Deletes the currently selected row. This action requires no confirmation.
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Softkeys of the sweep menu (Noise mode)

The following table shows all softkeys available in the sweep menu in Noise mode (SWEEP key). It is
possible that your instrument configuration does not provide all softkeys. If a softkey is only available
with a special option, model or (measurement) mode, this information is delivered in the corresponding
softkey description.

Command

Sweep Single/Cont

Cal

Fix Freq

Sweep Single/Cont

Selects the sweep mode.

Single single sweep mode

Cont continuous sweep mode

If a measurement is started while another measurement is in progress, the first measurement
will be aborted and the new measurement started immediately.

For further details refer to "Measurement forms" on page 4.229.

= Remote: CONF:LIST:CONT
= Remote: CONF:LIST:SING

Cal

Performs a calibration. The calibration status of the noise figure measurement is displayed in the
title bar. For further details refer to "Calibration" on page 4.229.

This softkey is only available, if the 2nd Stage Correction option in the Measurement Settings
dialog box is activated.

= Remote: CONF : CORR

Fix Freq

Starts a fixed frequency measurement for the frequency that is currently selected in the
Frequency List Results. For further details refer to "Measurement forms" on page 4.229 and
"Result displays" on page 4.230.

This softkey is only available after a frequency list measurement has been completed and the
measurement results are displayed in list form (Display List/Graph softkey).

= Remote: CONF:SING
= Remote: FREQ 10MHz
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Softkeys of the trace menu (Noise mode)

Using the trace memory facility, you can save graphical display results (max. 3 trace sets) for
comparison with subsequent measurements. This facility is recommended in order to compare and to
document the effects of small changes on the DUT.

The following table shows all softkeys available in the trace menu in Noise mode (TRACE key). It is
possible that your instrument configuration does not provide all softkeys. If a softkey is only available
with a special option, model or (measurement) mode, this information is delivered in the corresponding
softkey description.

Command

Display Graph/List

ASCII File Export

Decim Sep

More ¥

Data —> Mem1

Data —> Mem2

Data —> Mem3

Data On/Off

Mem1 On/Off

Mem2 On/Off

Mem3 On/Off

Display Graph/List

For details refer to the Display List/Graph softkey in the noise figure measurements menu.

ASCII File Export

For details refer to the ASCII File Export softkey in the trace menu of the base unit.

Decim Sep

For details refer to the Decim Sep softkey in the trace menu of the base unit.
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Data —> Mem1/Data —> Mem2/Data —> Mem3

Saves the current trace results to trace memory <n>. If a trace memory <n> contains data, the
corresponding softkey has a green background. The content of the trace memory <n> is
displayed via the Mem1 On/Off/Mem2 On/Off/Mem3 On/Off softkeys.

If data is transferred to a trace memory that already contains trace data, the new trace data
overwrite the current trace data in the memory.

= Remote: CONF:ARR:MEM2 ONCE

= Remote: FETC:ARR:MEM2 :NOIS:FIG?
= Remote: FETC:ARR:MEM2 :NOIS:GAIN?
= Remote: FETC:ARR:MEM2 :NOIS: TEMP?
Data On/Off

Switches the display of the current measurement results on or off. The display of trace memory
results is not affected if this softkey is pressed. If a new frequency list measurement is started,
the display of the current result trace is switched on automatically.

= Remote: DISP:CURR:DATA OFF

Mem1 On/Off / Mem2 On/Off /| Mem3 On/Off

Switches the display of trace memory <n> on or off. This softkey is not available if no data is
held in the selected trace memory.

= Remote: DISP:ARR:MEM2 ON

Softkeys of the marker menu (Noise mode)

The following table shows all softkeys available in the marker menu in Noise mode (MKR key). It is
possible that your instrument configuration does not provide all softkeys. If a softkey is only available
with a special option, model or (measurement) mode, this information is delivered in the corresponding
softkey description.

Command

Marker 1

Marker to Trace

All Marker Off

Marker 1

Activates marker 1 and opens an edit dialog box to enter a value for marker 1 to be set to.
Pressing the softkey again deactivates the marker 1. This softkey is only available if
measurement results are displayed.

= Remote: CALC:MARK ON
= Remote: CALC:MARK:X 550 MHZ
= Remote: CALC:MARK:Y?
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Marker to Trace

Opens a dialog box to select the trace (noise figure or gain), on which the marker is to be
placed. This softkey is only available if measurement results are displayed.

= Remote: CALC:MARK: TRAC GAIN

All Marker Off

Switches off the active marker. This softkey is only available if measurement results are
displayed.

= Remote: CALC:MARK:AOFF

Softkeys of the marker—> menu (Noise mode)

The following table shows all softkeys available in the marker—> menu in Noise mode (MKR—> key). It
is possible that your instrument configuration does not provide all softkeys. If a softkey is only available
with a special option, model or (measurement) mode, this information is delivered in the corresponding
softkey description.

Command

Peak

Min

Peak

Activates marker 1 and sets it to the highest maximum of the trace.

= Remote: CALC :MARK : MAX

Min

Activates marker 1 and sets it to the minimum of the selected trace.

= Remote: CALC:MARK:MIN
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Softkeys of the lines menu (Noise mode)

The following table shows all softkeys available in the lines menu in Noise mode (LINES key). It is
possible that your instrument configuration does not provide all softkeys. If a softkey is only available
with a special option, model or (measurement) mode, this information is delivered in the corresponding
softkey description.

Menu / Command Command

New & Exit
Insert
Delete

Edit ¥ same contents as
New menu

Enable/Disable

Delete

New

Displays the Limit Line dialog box in edit mode with all fields necessary to define a new limit
line. For further details see "To work with limit lines" on page 4.228.

In the edit mode, the Limit Line dialog box contains the following elements:

Name

Limit

Comment

Frequency

Limit

Name

Specifies the name of the limit line to uniquely identify every limit line. Any combination of
alphanumeric characters is allowed. If the entered name already exists, an error message is
displayed with the request to alter the name.

= Remote: CALC:LIMI1:NAME FM1

Limit

Specifies the result type (noise or gain) and the limit type (upper or lower) for the limit line.

= Remote: CALC:LIM2:TRAC NFIG

Comment

Specifies a description for the limit line. Any combination of alphanumeric characters is allowed.

= Remote: CALC:LIM5:COMM 'Upper limit for spectrum'
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Frequency

Specifies the receive frequencies.

= Remote: CALC:LIM2:CONT 1MHz,30MHz, 100MHz, 300MHz, 1GHz

Limit

Specifies the limits for the receive frequencies.

= Remote: CALC:LIM2:LOW -30,-40,-10,-40,-30 (lower limit line)
= Remote: cALC:LIM2:UPP -10,0,0,-10, -5 (upper limit line)

Exit

Exits the edit mode of a table.

Insert

Inserts a row above the currently selected row and sets the focus on the first field of the new
row.

Delete

Deletes the currently selected row. This action requires no confirmation.

Edit

Displays the Limit Line dialog box in edit mode with all data of the selected limit line. For further
details refer to the New softkey.

Enable/Disable

Enables or disables the selected limit line. Limit checking is only performed for activated limit
lines. Only one limit line of each type can be active at a given time.

= Remote: CALC:LIM:STAT ON
= Remote: CALC:LIM4:LOW: STAT ON
= Remote: CALC:LIM4:UPP:STAT ON

Delete

Deletes the selected limit line.

= Remote: CALC:LIM1:DEL
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Instrument Functions - Basic Settings

In this section, all basic settings functions of the R&S ESL and their application are explained in detail.
The analyzer functions are described in section "Instrument Functions - Analyzer".

For every key a table is provided in which all submenus and corresponding commands are listed. The
description of the submenus and commands follows the order of the table. The commands for the
optional remote control (if any) are indicated for each softkey. The description includes the following:

e "General Settings, Printout and Instrument Settings" on page 4.261

This section provides information on how to prepare measurements and process their results:
setting the instrument, managing and retrieving data, returning to manual operation, and printout.

More basic information on operation is given in the Quick Start Guide. The front and the rear view of the
instrument together with a table of all available keys and a short description are provided in chapter
"Front and Rear Panel". Chapter "Preparing for Use" informs how to start working with the instrument
for the first time. A brief introduction on handling the instrument is given in chapter "Basic Operations".
This includes also the description of the keys for basic operations like switching the instrument on and
off or starting a measurement.
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General Settings, Printout and Instrument Settings

After putting the instrument into operation and becoming familiar with the handling of the instrument (for
details see Quick Start Guide), the preparations for measurements can start. In this section the general
settings of the instrument, the data management and the processing of measurement results are
described. This includes the following topics and keys:

e "Instrument Setup and Interface Configuration - SETUP Key" on page 4.262
e "Saving and Recalling Settings Files - FILE Key" on page 4.279
e "Manual Operation - Local Menu" on page 4.287

e "Measurement Documentation - PRINT Key" on page 4.288
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Instrument Setup and Interface Configuration - SETUP Key

The SETUP key is used to set or display the default settings of the instrument: reference frequency,
noise source, level correction values, date, time, LAN interface, firmware update and enabling of
options, information about instrument configuration and service support functions. For further details
refer also to the Quick Start Guide, chapter 2 "Preparing for Use".

To open the setup menu
» Press the SETUP key.

The setup menu is displayed.

Menu and softkey description
"Softkeys of the setup menu" on page 4.262

To display help to a softkey, press the HELP key and then softkey for which you want to display help.
To close the help window, press the ESC key. For further information refer to section "How to use the
Help System".

Softkeys of the setup menu

The following table shows all softkeys available in the setup menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

Menu Command Submenu / Command Submenu / Command Command

Reference Int/Ext

Transducer ¥ Active On/Off
Edit ¥ Insert Line
Delete Line
Edit Name
Edit Unit
Edit Value
Interpolation Lin/Log
Save Factor
New & same contents as Edit menu
Copy to ¥ same contents as Edit menu
Delete

Ref Level Adjust Man/Auto

Show Directory

IF Output
Noise Src On/Off
Alignment ¥ Self Align
Show Align Results
Corr Data On/Off
General Setup ¥ Configure Network
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Menu Command Submenu / Command Submenu / Command Command
Network Address # Computer Name
IP Address

Subnet Mask

DHCP On/Off

GPIB ¥ GPIB Address

ID String Factory

ID String User

GPIB Language

Display Update On/Off

More ¥

GPIB Terminator LFEOI/EOI

*IDN Format Leg./New

1/0 Logging On/Off

Time+Date

Meas Display ¥ Screen Title

Time+Date On/Off

Logo On/Off

Annotation On/Off

Screen Colors ¥ Select Screen Color
Set

Color On/Off

Select Object

Predefined Colors

User Defined Colors

Set to Default

Print Colors % Select Print Color Set

Color On/Off

Select Object

Predefined Colors

User Defined Colors

Set to Default

Display Pwr Save On/Off

Monitor Int/Ext
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Menu Command Submenu / Command Submenu / Command Command

Soft Frontpanel

More ¥
Firmware Update ¥ Firmware Update
Option Licenses # Install Option

Shutdown Off/Standby

Preset Receiver

Preset Spectrum

System Info ¥ Hardware Info

Versions+Options

System Messages

Clear All Messages

Service % Input RF/Cal/TG

Comb Frequency

Reset Password

Selftest

Selftest Results

Password

Service Function

Reference Int/Ext

Switches between the internal and external reference signal source. The default setting is
internal reference. It is important, that the external reference signal is deactivated when
switching from external to internal reference to avoid interactions.

If the reference signal is missing when switching to external reference, the message EXREF is
displayed to indicate that no synchronization is performed.

The R&S ESL can use the internal reference source or an external reference source as
frequency standard from which all internal oscillators are derived. A 10 MHz crystal oscillator is
used as internal reference source. In the external reference setting, all internal oscillators of the
R&S ESL are synchronized to the external reference frequency (also 10 MHz). For details on
connectors refer to the Quick Start Guide, chapter 1 "Front and Rear Panel".

= Remote: ROSC:SOUR INT
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Transducer

Opens the Select Transducer dialog box and a submenu to activate or deactivate defined
transducer factors, to generate new transducer factors or to edit existing ones.

In the Select Transducer dialog box, a transducer factor can be edited, deleted or copied, if
selected, using the corresponding softkeys. The default directory, in which the transducer factors
are saved, is displayed (C:\R_S\INSTR\TRD,; the extension of transducer factor files is *.TDF).
Subdirectories can be added or deleted via the file manager. They are displayed or hidden using
the arrow keys or the Show Directory softkey / Hide Directory button.

Two different directory views are possible: If the Show all option is activated, all transducer
factors in the directory are displayed. If the Show compatible option is activated, only the
compatible transducer factors in the directory are displayed.

For details on transducer factors refer to the Operating Manual on CD-ROM, chapter "Advanced
Measurement Examples".

= Remote: CORR: TRAN: SEL FACTOR1

Active On/Off

Activates or deactivates the selected transducer factor. A maximum of 10 transducer factors can
be activated at the same time. If an additional transducer factor is activated, its unit compatibility
is checked. If one factor has a different unit than dB, all the other activated factors must have the
unit dB.

= Remote: CORR: TRAN: SEL <name>
= Remote: CORR: TRAN ON

Edit

Opens the Edit Transducer dialog box with the data of the selected factor. During editing, a
transducer factor remains stored in the background until the factor is saved using the Save
Factor softkey.

= Remote: Comment: CORR: TRAN:COMM <string>

Insert Line

Inserts an empty line above the selected reference value to enter a new reference value. When
entering a new reference value in the line, the ascending order of frequencies must be taken into
consideration, however.

Delete Line

Deletes the selected reference value (complete line). The reference values that follow move one
line up.
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Edit Name

Sets the focus on the Name field to enter a file name. The extension is added automatically.

= Remote: CORR: TRAN: SEL <name>

Edit Unit

Sets the focus on the Unit field to select the unit.

= Remote: CORR: TRAN:UNIT <string>

Edit Value

Sets the focus to enter positions and values as frequency/level pairs. The entered data are also
displayed graphically. Using the Shift x or Shift y button, all entered values can be shifted in x
or y direction.

= Remote: CORR: TRAN:DATA <freg>,<level>

Interpolation Lin/Log

Sets the scaling of the x-axis to linear or logarithmic.

= Remote: CORR: TRAN: SCAL LIN|LOG

Save Factor

Saves the changed factor to a file on the internal flash disk. If a transducer factor with the same
name already exists, a confirmation query is displayed. If the new factor is active, the new
values are immediately applied.

= Remote: In remote control, the save operation is performed automatically after the definition of the
reference values.

New

Opens the Edit Transducer dialog box to enter data for a new factor.

Copy to

Opens the Edit Transducer dialog box to copy the selected factor.

Delete

Deletes the selected factor after confirmation.

= Remote: CORR: TRAN DEL

1300.5053.12 4.266 E-2



R&S ESL Instrument Setup and Interface Configuration - SETUP Key

Ref Level Adjust Man/Auto

Activates or deactivates the automatic adjustment of the reference level to the selected
transducer factor.

Auto  Activates the automatic adjustment.
Man Deactivates the automatic adjustment. Adjust the reference level via the amplitude
menu.

If a transducer factor is used (active), the trace is moved by a calculated shift. However, an
upward shift reduces the dynamic range for the displayed values. With this softkey set to Auto,
the original dynamic range is restored by also shifting the reference level by the maximum value
of the transducer factor.

= Remote: CORR: TRAN:ADJ:RLEV ON

Show Directory

Displays the subdirectory of the selected directory.

LISN

Selects and configures the V-network to be controlled via the user port.

The contents of the LISN menu is equivalent to the contents of the LISN tab of the Test
Automation dialog box.

IF Output (option Additional Interfaces, B5 only)

Opens the IF Output Source dialog box to select the output of the IF/VIDEO OUT connector: IF,
Video 200 mV, or Video 1 V.

Note: The AF output available at the frontpanel can only be used if the IF output source is set to
video.

For further details refer to the Quick Start Guide, chapter 1 "Front and Rear Panel".

= Remote: OUTP IF VID

Noise Src On/Off (option Additional Interfaces, B5 only)

Switches the supply voltage for an external noise source on or off. For details on connectors
refer to the Quick Start Guide, chapter 1 "Front and Rea