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Dear Customer,

the firmware of the instrument makes use of several valuable open source soft-
ware packages. The verbatim license texts are provided in on the user documen-
tation CD-ROM (included in delivery).

Rohde & Schwarz would like to thank the open source community for their valu-
able contribution to embedded computing.

Throughout this manual, the Spectrum Analyzer R&S®FSU is abbreviated as
R&S FSU.

R&S® is a registered trademark of Rohde & Schwarz GmbH & Co. KG.

Trade names are trademarks of the owners.
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R&S FSU

Documentation Overview

The documentation of the R&S FSU consists of base unit manuals and option man-
uals. All manuals are provided in PDF format on the CD-ROM delivered with the
instrument. Each software option available for the instrument is described in a sepa-
rate software manual.

The base unit documentation comprises the following manuals and documents:
* Quick Start Guide

* Operating Manual

+ Service Manual

* Internet Site

* Release Notes

Apart from the base unit, these manuals describe the following models and options
of the R&S FSU Spectrum Analyzer. Options that are not listed are described in sep-
arate manuals. These manuals are provided on an extra CD-ROM. For an overview
of all options available for the R&S FSU visit the R&S FSU Spectrum Analyzer Inter-
net site.

Base unit models:

+ R&S FSU3 (20 Hz to 3.6 GHz)

+ R&S FSU8 (20 Hz to 8 GHz)

+ R&S FSU26 (20 Hz to 26.5 GHz)
+ R&S FSU31 (20 Hz to 31 GHz)

+ R&S FSU32 (20 Hz to 32 GHz
+ R&S FSU43 (20 Hz to 43 GHz
+ R&S FSU46 (20 Hz to 40 GHz
+ R&S FSU50 (20 Hz to 50 GHz
+ R&S FSU67 (20 Hz to 67 GHz)

Options described in the base unit manuals:

* R&S FSP-B3 (Audio Demodulator, implemented)

* R&S FSU-B4 (OCXO - Reference Oscillator)

* R&S FSU-B5 (Additional Interfaces)

* R&S FSU-B9 (Tracking Generator)

* R&S FSP-B10 (External Generator Control)

* R&S FSU-B12 (Attenuator for Tracking Generator)

* R&S FSP-B16 (LAN Interface, implemented)

* R&S FSU-B18 (removable Hard Disk)

+ R&S FSU-B19 (second Hard Disk for R&S FSU-B18 option)
* R&S FSU-B20 (Extended Environmental Spec)

* R&S FSU-B21 (External Mixer)

* R&S FSU-B23 (RF-Preamplifier 3.6 to 26.5 GHz)

)
)
)
)
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R&S FSU

* R&S FSU-B24 (RF-Preamplifier 20 Hz to > 40 GHz)

* R&S FSU-B25 (Electronic Attenuator)

* R&S FSU-B27 (Broadband FM Demodulator)

+ R&S FSP-B28 (Trigger Port)

* R&S FSU-B46 (Frequency Extension, 31 GHz model to 46 GHz)
* R&S FSU-B50 (Frequency Extension, 31 GHz model to 50 GHz)
» R&S FSU-B73 (Vektor Signal Analyzer)

Quick Start Guide

This manual is delivered with the instrument in printed form and in PDF format on
the CD-ROM. 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. More detailed descriptions are provided in
the Operating Manual. The Quick Start Guide includes general information (e.g.
Safety Instructions) and the following chapters:

Chapter 1 Front and Rear Panel

Chapter 2 Preparing for Use

Chapter 3 Firmware-Update and Installation of Firmware Options
Chapter 4 Basic Operation

Chapter 5 Basic Measurement Examples

Chapter 6 LAN Interface

Appendix A Printer Interface

Appendix B External Generator Control

Appendix C Brief Introduction to Remote Control

Operating Manual

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

The operating manual is subdivided into the following chapters:

Chapter 1 Putting into Operation
see Quick Start Guide chapters 1 and 2.

Chapter 2 Getting Started
see Quick Start Guide chapter 5.

Chapter 3 Manual Operation
see Quick Start Guide chapter 4.

Chapter 4 Instrument Functions
forms a reference for manual operation of the R&S FSU and con-
tains a detailed description of all instrument functions and their appli-
cation.

Chapter 5 Remote Control - Basics
describes the basics for programming the R&S FSU, command pro-
cessing and the status reporting system.

Chapter 6 Remote Control - Description of Commands
lists all the remote-control commands defined for the instrument.
Chapter 7 Remote Control - Programming Examples
contains program examples for a number of typical applications of
the R&S FSU.
Chapter 8 Maintenance and Instrument Interfaces

describes preventive maintenance and the characteristics of the
instrument’s interfaces.

Chapter 9 Error Messages
gives a list of error messages that the R&S FSU may generate.

Index contains an index for the chapters 1 to 9 of the operating manual.

Service Manual

This manual is available in PDF format on the CD-ROM delivered with the instru-
ment. 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 FSU 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

Internet Site

The Internet site at: R&S FSU Signal Source Analyzer provides the most up to date
information on the R&S FSU.

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.
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Release Notes

The release notes describe the installation of the firmware, new and modified func-
tions, eliminated problems, and last minute changes to the documentation. The cor-
responding firmware version is indicated on the title page of the release notes. The
current release notes are provided in the Internet.
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EC Certificate of Conformity

Certificate No.: 2003-35, Page 1
This is to certify that:

Equipment type Stock No. Designation

FSU3 1166.1660.03 Spectrum Analyzer
FSU8 1166.1660.08

FSU26 1166.1660.26

FSU31 1166.1660.31

FSU32 1166.1660.32

FSU43 1166.1660.43

FSU46 1166.1660.46

FSUS0 1166.1660.50

FSU67 1166.1660.67

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/EG)

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

Conformity is proven by compliance with the following standards:

EN61010-1: 2001-12
EN55011: 1998 + A1: 1999 + A2 : 2002, Class B
ENG61326 : 1997 + A1: 1998 + A2 : 2001 + A3 : 2003

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 2003

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

Munich, 2008-09-17 Central Quality Management FS-QZ / Radde
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Certificate No.: 2003-35, Page 2

This is to certify that:

Equipment type

FSU-B4

FSU-B9

FSU-B12
FSU-B18
FSU-B18
FSU-B19
FSU-B19
FSU-B20
FSU-B21
FSU-B23
FSU-B24
FSU-B25
FSU-B27
FSU-B46
FSU-B50
FSU-B73
FSU-B88
FSU-U73
FSP-B10
FSP-B28

Stock No.

1144.9000.02
1142.8994.02
1142.9349.02
1145.0242.02/.04
1303.0400.02
1145.0394.02
1303.0600.02
1155.1606.08
1157.1090.02/.03
1157.0907.02
1157.2100.50
1144.9298.02
1157.2000.02
1163.0434.02
1163.0470.02
1169.5696.03
1157.1432.08/.26
1169.5696.04
1129.7246.02
1162.9915.02
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ROHDE&SCHWARZ

EC Certificate of Conformity

Designation

OCXO 10 MHz

Tracking Generator

Output Attenuator
Removable Harddisc
Removable Harddisc
Second Harddisc

Second Harddisc

Extended Environmetal Spec
LO/IF Connections
Preamplifier 20 dB
Preamplifier 30 dB

Electronic Attenuator

FM Output

46 GHz Frequency Extension
50 GHz Frequency Extension
Vector Signal Analysis

RF Hardware

Vector Signal Analysis
External Generator Control
Trigger Port

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/EG)

- relating to electromagnetic compatibility

(2004/108/EG)

Conformity is proven by compliance with the following standards:

EN61010-1: 2001-12
EN55011: 1998 + A1:1999 + A2 : 2002, Class B

ENG61326 : 1997 + A1: 1998 + A2 : 2001 + A3 : 2003

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 2003

Munich, 2008-09-17

1166.1660.01-s2-

ROHDE & SCHWARZ GmbH & Co. KG
Mihldorfstr. 15, D-81671 Miinchen
Central Quality Management FS-QZ / Radde
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1 Putting into Operation

For details refer to the Quick Start Guide chapter 1, “Front and Rear Panel” and
chapter 2, “ Preparing for Use”.






R&S FSU Getting Started

2 Getting Started

21 Introduction . ...... .. ... e e e
2.2 Measuring the Spectra of Complex Signals ........................

2.2.1 Intermodulation Measurements . .. ....... ... .. ... ... . ...
2.2.1.1Measurement Example — Measuring the R&S FSU’s intrinsic
intermodulation distance . .......... . . .

2.3 Measuring Signals in the Vicinityof Noise .........................

2.3.0.1Measurement example — Measuring the level of the internal
reference generator atlow S/Nratios ............................

24 Noise Measurements ... ...ttt tnntnneanrannneanens

2.4.1 Measuring noise powerdensity . . ........... ... ... . ...,
2.4.1.1Measurement example — Measuring the intrinsic noise power
density of the R&S FSU at 1 GHz and calculating the R&S FSU’s
noise figure . ... ... .

2.4.2 Measurement of Noise Power within a Transmission Channel .. .. ...
2.4.2.1Measurement Example — Measuring the intrinsic noise of the
R&S FSU at 1 GHz in a 1.23 MHz channel bandwidth with the
channel power function . ......... ... ... .. . . . .. ...

24.3 Measuring Phase Noise ............... ... .. . iiiiiiiinn..
2.4.3.1Measurement Example — Measuring the phase noise of a
signal generator at a carrier offsetof 10kHz . .....................

2.5 Measurements on Modulated Signals ............................

2.5.1 Measurementson AMsignals . ........... .. ... . . . ..

2.5.1.1Measurement Example 1 — Displaying the AF of an AM signal in
thetimedomain . ... ... ... . .. .

2.5.1.2Measurement Example 2 — Measuring the modulation depth of

an AM carrier in the frequency domain . .......... .. ... ... ... . ...
2.5.2 Measurementson FM Signals . . . ........ .. ... . . oL

2.5.2.1Measurement Example — Displaying the AF of an FM carrier . . ..

2.5.3 Measuring Channel Power and Adjacent Channel Power ..........

2.5.3.1Measurement Example 1 — ACPR measurement on an 1S95
CDMA Signal . .. .o

2.5.3.2Measurement Example 2 — Measuring the adjacent channel
power of an IS136 TDMA signal . ......... ... ... .. ... . oo, ..

2.5.3.3Measurement Example 3 — Measuring the Modulation Spectrum
in Burst Mode with the Gated Sweep Function .. ...................

2.5.3.4Measurement Example 4 — Measuring the Transient Spectrum
in Burst Mode with the Fast ACP function .. .......................

2.5.3.5Measurement Example 5 — Measuring adjacent channel power
ofa W-CDMA uplink signal . ....... ... .. ... . .. . ..

2.5.4 Amplitude distribution measurements ... ... ... ... ... ... ...

2.5.4.1Measurement Example — Measuring the APD and CCDF of
white noise generated by the R&S FSU . .........................

Operating Manual 1166.1725.12 - 08

2.1



R&S FSU Getting Started

I ——
Introduction

2.1 Introduction

This chapter explains how to operate the R&S FSU using typical measurements as
examples.

The basic operating steps such as selecting the menus and setting parameters are
described in the Quick Start Guide, chapter 4, "Basic Operation". Furthermore, the
screen structure and displayed function indicators are explained in this chapter.

Chapter “Instrument Functions” describes all the menus and R&S FSU functions.

All of the following examples are based on the standard settings of the R&S FSU.
These are set with the PRESET key. A complete listing of the standard settings can
be found in chapter “Instrument Functions”, section “R&S FSU Initial Configuration —
PRESET Key” on page 4.5. Examples of more basic character are provided in the
Quick Start Guide, chapter 5, as an introduction.

2.2 Measuring the Spectra of Complex Signals

2.2.1 Intermodulation Measurements

If several signals are applied to a DUT with non-linear characteristics, unwanted
mixing products are generated — mostly by active components such as amplifiers or
mixers. The products created by 3rd order intermodulation are particularly trouble-
some as they have frequencies close to the useful signals and, compared with other
products, are closest in level to the useful signals. The fundamental wave of one sig-
nal is mixed with the 2nd harmonic of the other signal.

fs1 =2 xfy1 —fu2 (6)
fs2 =2 x fuo — fu (7)

where fs1 and fso are the frequencies of the intermodulation products and fy¢ and fy2
the frequencies of the useful signals.

The following diagram shows the position of the intermodulation products in the fre-
quency domain.

Level
A

Pu1t Pu2

Ps1 Ps2
A

Af Af Af

-
-

fs1 fut fu2 fs2 Frequency

Fig. 2.1 3rd order intermodulation products
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Measuring the Spectra of Complex Signals

Example:

fu1 = 100 MHz, f,2 = 100.03 MHz
fs1 =2 x fy1 —fyu2 =2 x 100 MHz — 100.03 MHz = 99.97 MHz
fso =2 x fyp — fy1 =2 x 100.03 MHz — 100 MHz = 100.06 MHz

The level of the intermodulation products depends on the level of the useful signals.
If the level of the two useful signals is increased by 1 dB, the level of the intermodu-
lation products is increased by 3 dB. The intermodulation distance ds is, therefore,

reduced by 2 dB. Fig. 2.2 shows how the levels of the useful signals and the 3rd
order intermodulation products are related.

A
Output
level
Intercept
point

/
Compression /

Intermodulation
products

Carrier
level

/ Input level

Fig. 2.2 Lgvellof the 3rd order intermodulation products as a function of the level of the useful
signals

The behavior of the signals can explained using an amplifier as an example. The
change in the level of the useful signals at the output of the amplifier is proportional
to the level change at the input of the amplifier as long as the amplifier is operating
in linear range. If the level at the amplifier input is changed by 1 dB, there is a 1 dB
level change at the amplifier output. At a certain input level, the amplifier enters sat-
uration. The level at the amplifier output does not increase with increasing input
level.

The level of the 3rd order intermodulation products increases 3 times faster than the
level of the useful signals. The 3rd order intercept is the virtual level at which the
level of the useful signals and the level of the spurious products are identical, i.e. the
intersection of the two straight lines. This level cannot be measured directly as the
amplifier goes into saturation or is damaged before this level is reached.

The 3rd order intercept can be calculated from the known slopes of the lines, the
intermodulation distance dy and the level of the useful signals.

TOl=ap3/2 + Py (8)

with TOI (Third Order Intercept) being the 3rd order intercept in dBm and P, the level
of a carrier in dBm.
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Measuring the Spectra of Complex Signals

With an intermodulation distance of 60 dB and an input level, Py, of =20 dBm, the
following 3rd order intercept is obtained:

TOl =60 dBm /2 + (-20 dBm) = 10 dBm.

2211 (I\jll_e?surement Example — Measuring the R&S FSU'’s intrinsic intermodulation
istance

To measure the intrinsic intermodulation distance, use the following test setup.

Test setup:

Signal
Generator 1

\

Coupler FSU

Signal
Generator 2

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

Level Frequency
Signal generator 1 -10 dBm 999.9 MHz
Signal generator 2 -10 dBm 1000.1 MHz

Measurement using the R&S FSU:

1. Set the R&S FSU to its default settings.
O Press the PRESET key.
The R&S FSU is in its default state.
2. Set center frequency to 1 GHz and the frequency span to 1 MHz.
0 Press the FREQ key and enter 1 GHz.
O Press the SPAN key and enter 1 MHz.

3. Set the reference level to —10 dBm and RF attenuation to 0 dB.
O Press the AMPT key and enter -10 dBm.

O Press the RF ATTEN MANUAL softkey and enter 0 dB.
By reducing the RF attenuation to 0 dB, the level to the R&S FSU input mixer
is increased. Therefore, 3rd order intermodulation products are displayed.
4. Set the resolution bandwidth to 5 kHz.

O Press the BW key.
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Measuring the Spectra of Complex Signals

O Press the RES BW MANUAL softkey and enter 5 kHz.
By reducing the bandwidth, the noise is further reduced and the
intermodulation products can be clearly seen.

5. Measuring intermodulation by means of the 3rd order intercept
measurement function

O Press the MEAS key.

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

TIME DON
POMER o

CHAN PUR
ACF  ©

OCCUPIED
BANDWID THo

iiil a
v

=} T

n n

STRATISTICS

Fig. 2.3 Result of intrinsic intermodulation measurement on the R&S FSU. The 3rd 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.

O Press the AMPT key.

O Press the RF ATTEN MANUAL softkey and enter 10 dB.
The R&S FSU’s intrinsic intermodulation products disappear below the noise
floor.
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Measuring the Spectra of Complex Signals
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Fig. 2.4 If the RF attenuation is increased, the R&S FSU’s intrinsic intermodulation prod-
ucts disappear below the noise floor.

100 kHz/

8 AT T A

Calculation method:

The method used by the R&S FSU to calculate the intercept point takes the average
useful signal level Py in dBm and calculates the intermodulation d3 in dB as a func-
tion of the average value of the levels of the two intermodulation products. The third
order intercept (TOI) is then calculated as follows:

TOl/dBm =% d3 + Py

Intermodulation- free dynamic range

The Intermodulation — free dynamic range, i.e. the level range in which no inter-
nal intermodulation products are generated if two-tone signals are measured, is
determined by the 3rd order intercept point, the phase noise and the thermal noise of
the R&S FSU. 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 R&S FSU 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 func-
tion 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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Measuring the Spectra of Complex Signals

Distortion free dynamic range
1MHz carrier offset
-60
. RBW=10 kHz
-70 \\ I~ T.0.l
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-60 -50 -40 -30 -20 -10
Mixer level

Fig. 2.5 Intermodulation-free range of the FSU3 as a function of level at the input mixer and the
set resolution bandwidth (useful signal offset = 1 MHz, DANL = -157 dBm /Hz, TOI = 25
dBm; typ. 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. 42 dBm and at 10 kHz increases to approx. -32 dBm.

Phase noise has a considerable influence on the intermodulation-free range at car-
rier offsets between 10 and 100 kHz (Fig. 2.6). 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.

Distortion free dynamic range
10 to 100 kHz offset

-60

RBW=10 kHz
T.0.1

70 %*AW\
E -80 RBW=100
E g0 N .
o I RBW=4 | 4
5 -100 \—//y
& ~ .

SS~—_ | Thefmal noise
-110 A
-120 ‘ ‘ ‘ ‘
-60 -50 -40 -30 -20 -10

Mixer level

Fig. 2.6 Intermodulation-free dynamic range of the FSU3 as a function of level at the input mixer
and of the selected resolution bandwidth (useful signal offset = 10 to 100 kHz, DANL = -
157 dBm /Hz, TOI = 25 dBm; typ. values at 2 GHz).

1
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Measuring Signals in the Vicinity of Noise

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 FSU.

2.3 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 measure-
ment is influenced by the intrinsic noise of the R&S FSU.

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
R&S FSU’s RF attenuation can be set in 5 dB steps up to 70 dB (5 dB steps up to 75
dB with option Electronic Attenuator R&S FSU-B25). Each additional 5 dB step
reduces the R&S FSU'’s sensitivity by 10 dB, i.e. the displayed noise is increased by
5 dB.

Impact of the reference level setting

If the reference level is changed, the R&S FSU changes the gain on the last IF so
that the voltage at the logarithmic amplifier and the A/D converter is always the
same for signal levels corresponding to the reference level. This ensures that the
dynamic range of the log amp or the A/D converter is fully utilized. Therefore, the
total gain of the signal path is low at high reference levels and the noise figure of the
IF amplifier makes a substantial contribution to the total noise figure of the
R&S FSU. The figure below shows the change in the displayed noise depending on
the set reference level at 10 kHz and 300 kHz resolution bandwidth. With digital
bandwidths (<100 kHz) the noise increases sharply at high reference levels because
of the dynamic range of the A/D converter.
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Measuring Signals in the Vicinity of Noise
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Fig. 2.7 Change in displayed noise as a function of the selected reference level at bandwidths of
10 kHz and 300 kHz (-30 dBm reference level)

Impact of the resolution bandwidth

The sensitivity of a Spectrum Analyzer also directly depends on the selected band-
width. The highest sensitivity is obtained at the smallest bandwidth (for the
R&S FSU: 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 FSU has band-
width settings in 2, 3, 5, 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. Because of the way the resolution filters are designed, the sensitivity of Spec-
trum Analyzers often depends on the selected resolution bandwidth. In data sheets,
the displayed average noise level is often indicated for the smallest available band-
width (for the R&S FSU: 10 Hz). The extra sensitivity obtained if the bandwidth is
reduced may therefore deviate from the values indicated above. The following table
illustrates typical deviations from the noise figure for a resolution bandwidth of 10
kHz which is used as a reference value (= 0 dB).

Noise figure
offset /dB

3
| |
digital RBW analog RBW
2 .

0,01 0.1 1 10 100 1000 10000
RBW /kHz ——»
Fig. 2.8 Change in R&S FSU noise figure at various bandwidths. The reference bandwidth is 10
kHz
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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 band-
width, 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 sig-
nal can therefore be freed from noise by using a video bandwidth that is small com-
pared 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 there-
fore 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 R&S FSU intrinsic
noise is also influenced by the detector which has been selected. The R&S FSU has
the following detectors:

Maximum peak detector

If the max. peak detector s selected, the largest noise display is obtained, since the
R&S FSU displays the highest value of the IF envelope in the frequency range
assigned to a pixel at each pixel in the trace. With longer sweep times, the trace
indicates higher noise levels since the probability of obtaining a high noise amplitude
increases with the dwell time on a pixel. For short sweep times, the display
approaches that of the sample detector since the dwell time on a pixel is only suffi-
cient to obtain an instantaneous value.

Minimum peak detector

The min. peak detector indicates the minimum voltage of the IF envelope in the fre-
quency range assigned to a pixel at each pixel in the trace. The noise is strongly
suppressed by the minimum peak detector since the lowest noise amplitude that
occurs is displayed for each test point. If the signal-to-noise ratio is low, the mini-
mum of the noise overlaying the signal is displayed too low.

At longer sweep times, the trace shows smaller noise levels since the probability of
obtaining a low noise amplitude increases with the dwell time on a pixel. For short
sweep times, the display approaches that of the sample detector since the dwell
time on a pixel is only sufficient to obtain an instantaneous value.

Autopeak detector

The Autopeak detector displays the maximum and minimum peak value at the same
time. Both values are measured and their levels are displayed on the screen joint by
a vertical line.

Sample detector

The sample detector samples the logarithm of the IF envelope for each pixel of the
trace only once and displays the resulting value. If the frequency span of the
R&S FSU is considerably higher than the resolution bandwidth (span/RBW >500),
there is no guarantee that useful signals will be detected. They are lost due to
undersampling. This does not happen with noise because in this case it is not the
instantaneous amplitude that is relevant but only the probability distribution.
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RMS detector

For each pixel of the trace, the RMS detector outputs the RMS value of the IF enve-
lope for the frequency range assigned to each test point. It therefore measures
noise power. The display for small signals is, however, the sum of signal power and
noise power. For short sweep times, i.e. if only one uncorrelated sample value con-
tributes to the RMS value measurement, the RMS detector is equivalent to the sam-
ple detector. If the sweep time is longer, more and more uncorrelated RMS values
contribute to the RMS value measurement. The trace is, therefore, smoothed. The
level of sinewave signals is only displayed correctly if the selected resolution band-
width (RBW) is at least as wide as the frequency range which corresponds to a pixel
in the trace. At a resolution bandwidth of 1 MHz, this means that the maximum fre-
quency display range is 625 MHz.

Average detector

For each pixel of the trace, the average detector outputs the average value of the
linear IF envelope for the frequency range assigned to each test point. It therefore
measures the linear average noise. The level of sinewave signals is only displayed
correctly if the selected resolution bandwidth (RBW) is at least as wide as the fre-
quency range which corresponds to a pixel in the trace. At a resolution bandwidth of
1 MHz, this means the maximum frequency display range is 625 MHz.

Quasi peak detector

The quasi peak detector is a peak detector for EMI measurements with defined
charge and discharge times. These times are defined in CISPR 16, the standard for
equipment used to measure EMI emissions.

2.3.0.1 Measurement example — Measuring the level of the internal reference genera-
tor at low S/N ratios

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

1. Set the R&S FSU to its default state.
O Press the PRESET key.
The R&S FSU is in its default state.
2. Switch on the internal reference generator
O Press the SETUP key.
O Press the softkeys SERVICE - INPUT CAL.
The internal 128 MHz reference generator is on.
The R&S FSU’s RF input is off.
3. Set the center frequency to 128 MHz and the frequency span to 100 MHz.
O Press the FREQ key and enter 128 MHz.
O Press the SPAN key and enter 700 MHz.
4. Set the RF attenuation to 60 dB to attenuate the input signal or to increase
the intrinsic noise.
O Press the AMPT key.
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O 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.

REF LEVEL

RANGE
LOG MANUAL

RANGE
LINEAR

EXT UNIT ©

RF INPUT

RF ATTEN
AUTO

e

| A
=
|

[-]

SCREEN B

Fig. 2.9 Sinewave signal with low S/N ratio. The signal is measured with the autopeak
detector and is completely swamped by the intrinsic noise of the R&S FSU.

5. To suppress noise spikes the trace can be averaged.
O Press the TRACE key.

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

SELECT

TRACE

CLEAR,

L HURITE
HAX HOLD

UIEH
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SUEEP

COUNT
DETECTOR

Span 180 IHz TRACE

Fig. 2.10 RF sinewave signal with low S/N ratio if the trace is averaged.
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6. Instead of trace averaging, a video filter that is narrower than the resolution
bandwidth can be selected.

O Press the CLEAR/WRITE softkey in the trace menu.
O 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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FILTER

Span 108 [Hz
SCREEN B T¥PE

Fig. 2.11 RF sinewave signal with low S/N ratio if a smaller video bandwidth is selected.

7. By reducing the resolution bandwidth by a factor of 10, the noise is reduced
by 10 dB.

O 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 is, therefore, reduced by
the video bandwidth. The trace will be noisier.

SWEEPTIME
HANUAL
RES BW

AUTD
UIDED BW
AUTD

COUPLING
RATIOD ©
DEFAULT
COUPL ING
Span 100 MHz FILTER
TYPE

SCREEN B

Fig. 2.12 Reference signal at a smaller resolution bandwidth
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2.4 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 impossi-
ble to detect.

241 Measuring noise power density

To measure noise power referred to a bandwidth of 1 Hz at a certain frequency, the
R&S FSU has an easy-to-use marker function. This marker function calculates the
noise power density from the measured marker level.

2411 Measurement example — Measuring the intrinsic noise power density of the
R&S FSU at 1 GHz and calculating the R&S FSU’s noise figure

1. Set the R&S FSU to its default state.
O Press the PRESET key.
The R&S FSU is in its default state.
2. Set the center frequency to 1 GHz and the span to 1 MHz.
O Press the FREQ key and enter 1 GHz.
O Press the SPAN key and enter 1 MHz.

3. Switch on the marker and set the marker frequency to 1 GHz.
O Press the MKR key and enter 1 GHz.

4. Switch on the noise marker function.
O Press the MEAS key.

O Press the NOISE MARKER softkey.
The R&S FSU displays the noise power at 1 GHz in dBm (1Hz).

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.

5. The measurement result is stabilized by averaging the trace

O Press the TRACE key.

O Press the AVERAGE softkey.
The R&S FSU performs sliding averaging over 10 traces from consecutive
sweeps. The measurement result becomes more stable.

1 —
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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.
P1kHz = -150 + 10 - log (1000) = -150 +30 = -120 dBm(1 kHz)

Calculation method:

The following method is used to calculate the noise power:

If the noise marker is switched on, the R&S FSU 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 FSU 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 FSU, therefore, corrects the noise figure
by 2.51 dB.

To standardize the measurement result to a bandwidth of 1 Hz, the result is also cor-
rected by —10 - log (RBWpgise), with RBWneise 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/625). An
increase in the sweep time gives a longer averaging time per pixel and thus stabi-
lizes the measurement result. The R&S FSU automatically corrects the measure-
ment 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 FSU 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 FSU 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 Ppoise the noise
figure (NF) is obtained as follows:

Operating Manual 1166.1725.12 - 08 2.15



R&S FSU Getting Started

I ——
Noise Measurements

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

The measured internal noise power of the R&S FSU at an attenuation of 0 dB is
found to be —155 dBm/1 Hz. The noise figure of the R&S FSU is obtained as follows

NF =-155+ 174 =17 dB

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 mea-
sured. 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 factor in dB

0

-1

|
©
-
I
T ——

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. 2.13 Correction factor for measured noise power as a function of the ratio of total power to
the intrinsic noise power of the R&S FSU.
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2.4.2 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 nor-
mally 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.

2421 Measurement Example — Measuring the intrinsic noise of the R&S FSU at
1 GHz in a 1.23 MHz channel bandwidth with the channel power function

Test setup:

The RF input of the R&S FSU remains open-circuited or is terminated with 50 Q.

Measurement with the R&S FSU:

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

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

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

3. To obtain maximum sensitivity, set RF attenuation on the R&S FSU to 0 dB.
O Press the AMPT key.
O Press the RF ATTEN MANUAL softkey and enter 0 dB.

4. Switch on and configure the channel power measurement.
O Press the MEAS key.

O Press the CHAN POWER ACP softkey.
The R&S FSU activates the channel or adjacent channel power measurement
according to the currently set configuration.

O Press the CP/ACP CONFIG ¥ softkey.
The R&S FSU enters the submenu for configuring the channel.

O Press the CHANNEL BANDWIDTH softkey and enter 1.23 MHz.
The R&S FSU displays the 1.23 MHz channel as two vertical lines which are
symmetrical to the center frequency.

O Press the PREV key.
The R&S FSU returns to the main menu for channel and adjacent channel
power measurement.

O 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. 2.14 Measurement of the R&S FSU'’s intrinsic noise power in a 1.23 MHz channel
bandwidth.

5. Stabilizing the measurement result by increasing the sweep time

O Press the SWEEP TIME softkey and enter 71 s.
By increasing the sweep time to 1 s, the trace becomes much smoother
thanks to the RMS detector and the channel power measurement display is
much more stable.

6. Referring the measured channel power to a bandwidth of 1 Hz

O Press the CHAN PWR / Hz softkey.
The channel power is referred to a bandwidth of 1 Hz. The measurement is
corrected by -10 - log (ChanBW), with ChanBW being the channel bandwidth
that was selected.

Method of calculating the channel power

When measuring the channel power, the R&S FSU integrates the linear power
which corresponds to the levels of the pixels within the selected channel. The
R&S FSU uses a resolution bandwidth which is far smaller than the channel band-
width. When sweeping over the channel, the channel filter is formed by the pass-
band characteristics of the resolution bandwidth (see Fig. 2.15).

7

Resolution filter

Channel bandwith ——

Fig. 2.15 Approximating the channel filter by sweeping with a small resolution bandwidth
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The following steps are performed:
» The linear power of all the trace pixels within the channel is calculated.

P; = 10(Li/10)

where

Pi = power of the trace pixel i

L;j = displayed level of trace point i

» 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.

» 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).

Bandwidth selection (RBW)

For channel power measurements, the resolution bandwidth (RBW) must be small
compared to the channel bandwidth, so that the channel bandwidth can be defined
precisely. If the resolution bandwidth which has been selected is too wide, this may
have a negative effect on the selectivity of the simulated channel filter and result in
the power in the adjacent channel being added to the power in the transmit channel.
A resolution bandwidth equal to 1% to 3% of the channel bandwidth should, there-
fore, be selected. If the resolution bandwidth is too small, the required sweep time
becomes too long and the measurement time increases considerably.

Detector selection

Since the power of the trace is measured within the channel bandwidth, only the
sample detector and RMS detector can be used. These detectors provide measured
values that make it possible to calculate the real power. The peak detectors (Pos
Peak, Neg Peak and Auto Peak) are not suitable for noise power measurements as
no correlation can be established between the peak value of the video voltage and
power.

With the sample detector, a value (sample) of the IF envelope voltage is displayed
at each trace pixel. Since the frequency spans are very large compared with the res-
olution bandwidth (span/RBW >500), sinewave signals present in the noise might be
lost, i.e. they are not displayed. This is not important for pure noise signals, however,
since a single sample in itself is not important - it is the probability distribution of all
measured values that counts. The number of samples for power calculation is lim-
ited to the number of trace pixels (625 for the R&S FSU).

To increase the repeatability of measurements, averaging is often carried out
over several traces (AVERAGE softkey in the TRACE menu). This gives spurious
results for channel power measurements (max. —2.51 dB for ideal averaging).
Trace averaging should, therefore, be avoided.
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With the RMS detector, the whole IF envelope is used to calculate the power for
each trace pixel. 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 trace pixel using the following for-
mula:

si = linear digitized video voltage at the output of the A/D converter
N = number of A/D converter values per pixel of the trace
Prms = power represented by a trace pixel

When the power has been calculated, the power units are converted into decibels
and the value is displayed as a trace pixel.

The number of A/D converter values, N, used to calculate the power, is defined by
the sweep time. The time per trace pixel for power measurements is directly propor-
tional to the selected sweep time. The RMS detector uses far more samples for
power measurement than the sample detector, especially if the sweep time is
increased. The measurement uncertainty can be reduced considerably. In the
default setting, the R&S FSU therefore uses the RMS detector to measure the chan-
nel power.

For both detectors (sample and RMS), the video bandwidth (VBW) must at least be
three times the resolution bandwidth, so that the peak values of the video voltage
are not cut off by the video filter. At smaller video bandwidths, the video signal is
averaged and the power readout will be too small.

Sweep time selection

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 set-
ting 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.

When using the RMS detector, 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. 2.16 Repeatability of channel power measurements as a function of the number of samples
used for power calculation

The curves in Fig. 2.16 indicates 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 prob-
ability 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 sam-
ples 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 (Ngecorr) is calculated as follows:

Ndecorr = SWT x RBW

The number of uncorrelated samples per trace pixel is obtained by dividing Ngecorr
by 625 (= 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 repeat-
ability of 0.2 dB with a confidence level of 99% is the estimate that can be derived
from Fig. 2.16.
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Noise Measurements

Measuring Phase Noise

The R&S FSU 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

FSU

\

Settings on the signal generator (e.g. R&S SMIQ):
Frequency: 100 MHz
Level: 0 dBm

Measurement using R&S FSU:

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

O Press the PRESET key.
R&S FSU is in its default state.

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

3. Set the R&S FSU'’s reference level to 0 dBm (=signal generator level)
O Press the AMPT key and enter 0 dBm.

4. Enable phase noise measurement
O Press the MKR FCTN key.

O Press the PHASE NOISE { softkey.

The R&S FSU 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. Data entry for the
delta marker is activated so that the frequency offset at which the phase noise
is to be measured can be entered directly.

5. 10 kHz frequency offset for determining phase noise.

O Enter 10 kHz.
The R&S FSU 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 (delta 2 [T1 PHN]).

2.22
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6. Stabilize the measurement result by activating trace averaging.
O Press the TRACE key.
O Press the AVERAGE softkey.

Fig. 2.17 Measuring phase noise with the phase-noise marker function

The frequency offset can be varied by moving the marker with the spinwheel
or by entering a new frequency offset as a number.
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2.5 Measurements on Modulated Signals

If RF signals are used to transmit information, an RF carrier is modulated. Analog
modulation methods such as amplitude modulation, frequency modulation and
phase modulation have a long history and digital modulation methods are now used
for modern systems. Measuring the power and the spectrum of modulated signals is
an important task to assure transmission quality and to ensure the integrity of other
radio services. This task can be performed easily with a Spectrum Analyzer. Modern
Spectrum Analyzers also provide the test routines that are essential to simplify com-
plex measurements.

2.5.1 Measurements on AM signals

The R&S FSU detects the RF input signal and displays the magnitudes of its com-
ponents as a spectrum. AM modulated signals are also demodulated by this pro-
cess. The AF voltage can be displayed in the time domain if the modulation
sidebands are within the resolution bandwidth. In the frequency domain, the AM
sidebands can be resolved with a small bandwidth and can be measured separately.
This means that the modulation depth of a carrier modulated with a sinewave signal
can be measured. Since the dynamic range of a Spectrum Analyzer is very wide,
even extremely small modulation depths can be measured accurately. The
R&S FSU has a test routine which measures the modulation depth in %.

2511 dMeasm_Jrement Example 1 — Displaying the AF of an AM signal in the time
omain

Test setup:

Signal
generator

FSU

Y

Settings on the signal generator (e.g. R&S SMIQ):

Frequency: 100 MHz
Level: 0dBm
Modulation: 50 % AM, 1 kHz AF

Measurement with the R&S FSU:

1. Set the R&S FSU to its default state
O Press the PRESET key.
The R&S FSU is in its default state.
2. Set the center frequency to 100 MHz and the span to 0 kHz
O Press the FREQ key and enter 700 MHz.
O Press the SPAN key and enter 0 Hz.

3. Set the reference level to +6 dBm and the display range to linear
O Press the AMPT key and enter 6 dBm.
O Press the RANGE LINEAR softkey.

2.24 Operating Manual 1166.1725.12 - 08



R&S FSU Getting Started
_________________________________________________________________________________________________________________________________________________|
Measurements on Modulated Signals

4. Use the video trigger to trigger on the AF signal in order to obtain a
stationary display
O Press the TRIG key.
O Press the VIDEO softkey.
The video trigger level is set to 50% if the instrument is switched on for the first

time. The trigger level is displayed as a horizontal line across the graph. The
R&S FSU displays the 1 kHz AF signal stably in the time domain.

GATE

Fig. 2.18 Measuring the AF signal from a 1 kHz AM carrier
The AM/FM demodulator in the R&S FSU can be used to output the AF by
means of a loudspeaker.
5. Switch on the internal AM demodulator
O Press the MKR FCTN key.

O Press the MKR DEMOD softkey.
The R&S FSU switches the AM demodulator on automatically.

O Turn up volume control.
A 1 kHz tone is output by the loudspeaker.

2.5.1.2 Measurement Example 2 — Measuring the modulation depth of an AM carrier in
the frequency domain

Test setup:

Signal - FSU
generator

Settings on the signal generator (e.g. R&S SMIQ):

Frequency: 100 MHz
Level: -30 dBm
Modulation: 50 % AM, 1 kHz AF
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Measurement with the R&S FSU:

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

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

2. Set the center frequency to 100 MHz and the span to 0 kHz
O Press the FREQ key and enter 100 MHz.
O Press the SPAN key and enter 5 kHz.

3. Activate the marker function for AM depth measurement
O Press the MEAS key.

O Press the MODULATION DEPTH softkey.
The R&S FSU automatically positions a marker on the carrier signal in the
middle of the graph and one delta marker on each of the lower and upper AM
sidebands. The R&S FSU calculates the AM modulation depth from the ratios
of the delta marker levels to the main marker level and outputs the numerical
value in the marker info field

TIME DON
POMER o

CHAN PUR
ACF  ©

OCCUPIED
BANDWID THo

SIGNAL
STRATISTICS

S2@ Hz/ Span 5 kHz SELECT

Fig. 2.19 Measurement of AM modulation depth. The modulation depth is indicated by
MDEPTH = 49.345 %. The frequency of the AF signal is indicated by the delta
markers

Measurements on FM Signals

Since Spectrum Analyzers only display the magnitude of signals by means of the
envelope detector, the modulation of FM signals cannot be directly measured as is
the case with AM signals. With FM signals, the voltage at the output of the envelope
detector is constant as long as the frequency deviation of the signal is within the flat
part of the passband characteristic of the resolution filter which has been selected.
Amplitude variations can only occur if the current frequency lies on the falling edge
of the filter characteristic. This effect can be used to demodulate FM signals. The
center frequency of the R&S FSU is set in a way that the nominal frequency of the
test signal is on the filter edge (below or above the center frequency). The resolution
bandwidth and the frequency offset are selected in a way that the current frequency
is on the linear part of the filter slope. The frequency variation of the FM signal is
then transformed into an amplitude variation which can be displayed in the time
domain.

2.26
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The R&S FSU's analog 5th order filters with frequencies from 200 kHz to 3 MHz
have a good filter-slope linearity, if the frequency of the R&S FSU is set to 1.2 times
the filter bandwidth below or above the frequency of the transmit signal. The useful
range for FM demodulation is then almost equal to the resolution bandwidth.

25.21 Measurement Example — Displaying the AF of an FM carrier

Test setup:

Signal
generator

FSU

\

Settings on the signal generator (e.g. R&S SMIQ):

Frequency: 100 MHz
Level: -30 dBm
Modulation: FM 0 kHz deviation (i.e., FM = off), 1 kHz AF

Measurement with the R&S FSU:

1. Set the R&S FSU to its default state
O Press the PRESET key.
The R&S FSU is in its default state.
2. Set the center frequency to 99.64 MHz and the span to 300 kHz.
O Press the FREQ key and enter 99.64 MHz.
O Press the SPAN key and enter 300 kHz.

3. Set a resolution bandwidth of 300 kHz.
O Press the BW key.
O Press the RES BW MANUAL softkey and enter 300 kHz.

4. Seta display range of 20 dB and shift the filter characteristics to the middle
of the display.

Press the AMPT key.

Press the RANGE LOG MANUAL softkey and enter 20 dB.

Press the NEXT key.

Set the GRID softkey to REL.

Press the PREV softkey.

Using the spinwheel, shift the reference level so that the filter edge intersects
the - 10 dB level line at the center frequency.

o o o o o O

The slope of the 300 kHz filter is displayed. This corresponds to the
demodulator characteristics for FM signals with a slope of approx. 5 dB/100
kHz.
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Fig. 2.20 Filter edge of a 300 kHz filter used as an FM-discriminator characteristic

5. Set an FM deviation of 100 kHz and an AF of 1 kHz on the signal generator

6. Set a frequency deviation of 0 Hz on the R&S FSU
O Press the SPAN key.
O Press the ZERO SPAN.
The demodulated FM signal is displayed. The signal moves across the screen.
7. Creating a stable display by video triggering
0 Press the TRIG key.

O Press the VIDEO softkey.
A stationary display is obtained for the FM AF signal

Result: (-10 £5) dB; this means that a deviation of 100 kHz is obtained if the demod-
ulator characteristic slope is 5 dB/100 kHz

“D
1RG
EXTERH
Y

TRIGGER
OFFSET
POLARITY
HEG
GATED
TRIGEGER
GATE
SCREEH BI SETTINGS®|

Fig. 2.21 Demodulated FM signal
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2.5.3 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 mea-
suring adjacent channel power as an absolute value or relative to the transmit chan-
nel power. The power in the adjacent channels can only be measured with a
selective power meter.

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 calibra-
tion is not valid for non-sinusoidal signals. Assuming that the digitally modulated sig-
nal has a Gaussian amplitude distribution, the signal power within the selected
resolution bandwidth can be obtained using correction factors. These correction fac-
tors are normally used by the R&S FSU's internal power measurement routines in
order to determine the signal power from IF envelope measurements. These factors
are valid if and only if the assumption of a Gaussian amplitude distribution is correct.

Apart from this common method, the R&S FSU 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. With an absolute measurement uncertainty of <
0.3 dB and a relative measurement uncertainty of < 0.1 dB (each with a confidence
level of 95%), the R&S FSU comes close to being a true power meter.

There are two possible methods for measuring channel and adjacent channel power
with a Spectrum Analyzer:

The IBW method (Integration Bandwidth Method) in which the R&S FSU 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 the section on noise measurements.

Measurement using a channel filter.

In this case, the R&S FSU makes measurements in the time domain using an IF fil-
ter 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 spe-
cial receivers optimized for a particular transmission method.

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

2.5.3.1 Measurement Example 1 — ACPR measurement on an 1IS95 CDMA Signal

Test setup:

Signal
generator

\

FSU
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Settings on the signal generator (e.g. R&S SMIQ):

Frequency: 850 MHz
Level: 0dBm
Modulation: CDMA IS 95

Measurement with the R&S FSU:

1.

Set the R&S FSU to its default state.

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

Set the center frequency to 850 MHz and frequency deviation to 4 MHz.
O Press the FREQ key and enter 850 MHz.

Set the reference level to +10 dBm.
O Press the AMPT key and enter 10 dBm.

Configuring the adjacent channel power for the CDMA 1S95 reverse link.
O Press the MEAS key.

O Press the CHAN PWR ACP { softkey.

O Press the CP/ACP STANDARD softkey.

From the list of standards, select COMA IS95A REV using the spinwheel or the
cursor down key below the spinwheel and press ENTER.

The R&S FSU sets the channel configuration according to the IS95 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.

O Press the ADJUST REF LVL softkey.
The R&S FSU sets the optimal RF attenuation and the reference level based
on the transmission channel power to obtain the maximum dynamic range.
The following figure shows the result of the measurement.

2.30
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Fig. 2.22 Adjacent channel power measurement on a CDMA 1S95 signal

The repeatability of the results, especially in the narrow adjacent channels,
strongly depends on the measurement time since the dwell time within the 10
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 FSU measures the adjacent
channel power in the time domain (FAST ACP). In the FAST ACP mode, the
R&S FSU 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 a filter characteristics that is precisely tailored to the signal.
In case of CDMA 1S95, 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 FSU jumps 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 (= 5.1
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. 2.16. For the same repeatability, the sweep time
would have to be set to 1.2 s with the integration method. The following figure
shows the standard deviation of the results as a function of the sweep time.
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Fig. 2.23 Repeatability of adjacent channel power measurement on IS95-standard signals
if the integration bandwidth method is used

6. Switch to Fast ACP to increase the repeatability of results.
O Press the CP/ACP CONFIG ¥ softkey.
O Setthe FAST ACP softkey to ON.

O Press the ADJUST REF LVL softkey.
The R&S FSU measures the power of each channel in the time domain. The
trace represents power as a function of time for each measured channel (see
Fig. 2.24). The numerical results from consecutive measurements are much
more stable.

NO. OF
ADJ CHAN

Att 15 dB SHT 10@ s

CHANNEL
BANDWIDTH

ADJ CHAN
BANDMIDTH

ADJ CHAN
SPACING

Tx Channel COMA 1S95A REV ERAEP
Bandwidth
Power

Adjacent Channel
al

Lower
Upper

Alternate Channel

Lower . SELECT
Upper .81 TRACE

ADJUST
REF LUL

R E

ADJUST

Fig. 2.24 Measuring the channel power and adjacent channel power ratio for IS95 signals
in the time domain (Fast ACP)

1,

The following figure 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. 2.23. Take
scaling into account if comparing power values.
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Fig. 2.25 Repeatability of adjacent channel power measurements on 1S95 signals in the
Fast ACP mode

Note on adjacent channel power measurements on IS95 base-station sig-
nals:

When measuring the adjacent channel power of 1IS95 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 resolu-
tion bandwidth is applied. The reason is the low selectivity of the 30 kHz resolu-
tion 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 time domain method which uses steep IF filters.
The 30 kHz channel filter implemented in the R&S FSU has a very high selectiv-
ity 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 FSU.

Fig. 2.26 Frequency response of the 30 kHz channel filter for measuring the power in the IS 95
adjacent channel

1
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2.5.3.2 Measurement Example 2 — Measuring the adjacent channel power of an 1S136

TDMA signal
Test setup:
Signal RF Ig’ FSU
generator
Ext Ref Out AcyiRefIN

As the modulation spectrum of the 1S136 signal leaks into the adjacent channel, it
makes a contribution to the power in the adjacent channel. Exact tuning of the
R&S FSU to the transmit frequency is therefore critical. If tuning is not precise,
the adjacent channel power ratios in the lower and upper adjacent channels
become asymmetrical. The R&S FSU’s frequency and the generator frequency
are therefore synchronized.

Settings on the signal generator (e.g. R&S SMIQ):

Frequency: 850 MHz
Level: -20 dBm
Modulation: 1IS136/NADC

Measurement with the R&S FSU

1. Set the R&S FSU to its default state.
O Press the PRESET key.
The R&S FSU is in its default state.
2. Setup the R&S FSU for synchronization to an external reference frequency.
O Press the SETUP key.
0 Setthe REFERENCE softkey to EXT.

3. Set the center frequency to 850 MHz.
Press the FREQ key and enter 850 MHz.

4. Configure adjacent channel power measurement for IS136 signals.
O Press the MEAS key.
O Press the CHAN PWR ACP  softkey.
O Press the CP/ACP STANDARD softkey.
0

Select NADC 1S136 from the list of standards and press ENTER.
The R&S FSU performs the power measurement in 5 channels (in the useful
channel and in the two upper and two lower adjacent channels).
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5. Setting the optimum reference level and RF attenuation for the
measurement

O Press the ADJUST REF LEVEL softkey.
The R&S FSU sets the optimum RF attenuation and the optimum reference
level on the basis of the measured channel power.

CP # ACP
CONFIG o

SET CP
REFERENCE

CHAN PUR

Channel

e Channel
al

ADJUST
REF LUL

ADJUST

Fig. 2.27 Measuring the relative adjacent channel power of an NADC signal in each of the
two adjacent channels below and above the transmit channel.

To increase repeatability — especially in the adjacent channels — the R&S FSU’s
Fast ACP routine is recommended.

6. Switching on the Fast ACP routine.
O Press the CP/ACP CONFIG ¥ softkey
0 Setthe FAST ACP softkey to ON.

O Press the ADJUST REF LEVEL softkey.
The R&S FSU makes consecutive measurements on the 5 channels in the
zero span mode using the receive filter specified in IS 136 to define the
resolution bandwidth. The power in each channel is displayed on the graph as
a function of time.
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Fig. 2.28 Measuring adjacent channel power in time domain (Fast ACP)
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As the resolution bandwidth is much wider than the one used for the integration
method, the results are much more stable when compared at the same sweep
time.

Repeatability can be influenced by the selected sweep time. The results
become much more stable if long sweep times are selected. Since the
amplitude distribution is different in different channels (part of the modulation
spectrum falls within the first adjacent channel), the repeatability depends on
the spacing of the measured channel from the transmit channel.

Fig. 2.29 below shows the standard deviation of results in the different
channels as a function of the selected sweep time. The standard deviation for
the various sweep times was recorded using a signal generator as a source.
With real DUTs the amplitude distributions in adjacent channels may be
different so that the standard deviation could differ from that shown in Fig. 2.29.
To evaluate the correct measuring time for time-critical measurements at a
given standard deviation, the standard deviation of the ACP values at the
output of the real DUT must be determined.

NADC Repeatability
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Fig. 2.29 Standard deviation of the results of Fast ACP measurement as a function of
selected sweep time evaluated from 100 measurements per sweep time

2.5.3.3 Measurement Example 3 — Measuring the Modulation Spectrum in Burst Mode
with the Gated Sweep Function
Since transmission systems compliant to 1S136 use a TDMA method, the adjacent
channel power must also be measured in burst mode. An IS136 TDMA frame is
divided into 6 time slots. Two of these slots are assigned to a subscriber. This
means that the ratio of transmit time to off-time for 1IS136 mobile phones is only 1:3
(e.g. time slots 1 and 4)

The R&S FSU supports the measurement of the adjacent channel power in the
TDMA mode with the Gated Sweep function.
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Test setup with the R&S Signal Generator SMIQ:

»| SMIQ-z5 Trigger1
Ext Gate/Trig IN
Par Data Output \
Signal RF Inp
generator > FSU
SMIQ
Ext Ref Out 4 ExtRefIN

The R&S SMIQ has to be equipped with options R&S SMIQ-B10 or R&S SMIQ-B20
(modulation coder) and R&S SMIQ-B11 (data generator).

Option R&S SMIQ-Z5 is required to trigger the R&S FSU. This option is connected
to the R&S SMIQ’s parallel output port. The BNC output Trigger 1 of the R&S SMIQ-
Z5 provides a TTL trigger signal on the rising edge of the 1S136 burst, which is used
to start the R&S FSU sweep in the Gated Sweep mode.

The R&S FSU’s IF power trigger is not suitable for 1S136. It triggers on every
level edge of the input signal. Since the modulation of the 1S136 signal causes
level dips even during the transmit burst, there is no way of ensuring that the
R&S FSU is only triggered on the burst edge.

Settings on signal generator R&S SMIQ:

Switch the signal generator to the 1S136 burst mode (time slots 1 and 4 are switched
on, the other time slots are switched off).

The R&S SMIQ is set as follows to generate the signal:

Press the PRESET key.

Press the FREQ key and enter 850 MHz.

Press the LEVEL key and enter -20 dBm.

Press the RETURN key.

Select DIGITAL STANDARD using the spinwheel and press the SELECT key.
Select NADC using the spinwheel and press the SELECT key.

Press the SELECT key.

Select ON using the spinwheel and press the SELECT key.

Press the RETURN key.

Keep turning the spinwheel until SAVE/RECALL FRAME appears in the list and
select the menu item SAVE/RECALL FRAME using the SELECT key.

O The cursoris set to GET PREDEFINED FRAME.
O Press the SELECT key.
O Select UP1TCH using the spinwheel and press the SELECT key.

In the following operating sequence for the R&S FSU, it is assumed that steps 1 to 6
of the previous example (example no. 2) have already been performed.

O o oo0oo0oo0oooo o
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1. Configuring the Gated Sweep function on the R&S FSU.
O Press the TRIG key.
O Press the GATED TRIGGER softkey.
O Press the EXTERN softkey.
0

Press the GATE SETTINGS ¥ softkey.
The R&S FSU switches to time domain measurement so that the setting of the
Gated Sweep parameters can be checked visually.

O Press the SWEEPTIME softkey and enter 10 ms.
Exactly one TDMA burst will be displayed.

O Press the GATE DELAY softkey and enter 2 ms or set the Gate Delay using
the spinwheel so that the burst is reliably detected.

O Pressthe GATE LENGTH softkey and enter 5 ms or set the vertical line for the
gate length using the spinwheel so that the burst is reliably detected.

GATE LENGTH

GATE MODE
LEVEL
POLARITY
NEG

SWEEPTINME

PRINT
SCREEN pn
Fig. 2.30 Setting the parameters Gate Delay and Gate Length in time domain. The time
interval required to measure the spectrum is indicated by two vertical lines.
O Press the PREV key.

The R&S FSU now performs the ACP measurement only during the switch-on
phase of the TDMA burst. The measurement is stopped during the switch-off
phase.

The selected sweep time is the net sweep time, i.e. the time during which the
R&S FSU is actually measuring. The complete frame of an 1S136 signal takes 40
ms. In the above example, measurement only takes place for 2x5 ms within a
frame. The R&S FSU is therefore only measuring for 25% of the frame duration.
The total measuring time is therefore four times that for the CW mode.

2.5.3.4 Measurement Example 4 — Measuring the Transient Spectrum in Burst Mode
with the Fast ACP function
In addition to the modulation spectrum or adjacent channel power from the modula-
tion of the RF carrier, the spectrum or adjacent channel power generated by burst
edges is also to be measured in TDMA systems. The spectrum is a pulse spectrum
and must be measured with the peak detector. With the usual IBW method, only the
power of the continuously modulated signal can be measured properly. Even if the

1
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modulation spectrum is transmitted in the TDMA mode, the measurement of the
modulation spectrum will work because the burst edges are blanked out for the
measurement by means of the Gated Sweep function. The R&S FSU performs mea-
surements only if the modulation spectrum is continuous when the burst is on.

However, the IBW method fails for the spectrum created by the burst edges. As the
measurement is carried out with resolution bandwidths that are very small compared
to the signal bandwidth, a spurious amplitude distribution is obtained in the defined
measurement channel because of the resolution bandwidth. The small resolution
bandwidth cannot settle to the peak amplitudes of the test signal. This problem is
avoided in the R&S FSU by performing time domain measurements with the root
raised cosine filter specified in the IS136 standard.

If the peak detector is used instead of the default RMS detector (which is selected
when the standard is selected), the true adjacent channel power generated by the
burst edges can also be measured.

Test setup:

The test setup for this example and the settings for R&S SMIQ are identical to those
in the previous example.

Measurement with the R&S FSU:

1. Set the R&S FSU to its default state.
O Press the PRESET key.
The R&S FSU is in its default state.
2. Synchronize the R&S FSU to an external reference frequency.
O Press the SETURP key.
0 Setthe REFERENCE softkey to EXT.

3. Set the center frequency to 850 MHz
O Press the FREQ key and enter 850 MHz.

4. Configure the adjacent channel power measurement for IS136 signals in
Fast ACP mode.

Press the MEAS key.

Press the CHAN PWR ACP { softkey.

Press the CP/ACP STANDARD softkey.

Select NADC 1S136 from the list of standards and press ENTER.

Press the CP/ACP CONFIG { softkey.

Set the FAST ACP softkey to ON.
The R&S FSU performs the power measurement in 5 channels (in the useful
channel and in the two upper and lower adjacent channels).

o o oo o o

5. Set the optimum reference level and RF attenuation for the measurement.

O Press the ADJUST REF LEVEL softkey.
The R&S FSU sets the optimum RF attenuation and the optimum reference
level on the basis of the measured channel power.
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6. Select the peak detector and increase the sweep time to 10 s.
O Press the TRACE key.

Press the DETECTOR softkey.

Press the DETECTOR MAX PEAK softkey.

Press the SWEEP key.

Press the SWEEP TIME softkey and enter 10 s.
The R&S FSU measures the adjacent channel power generated by the burst

edges and the modulation.

SINGLE
SWEEP
CONTINUE
SGL SWEEP

o o o o

NADC 18136 SWEEPTIHE
Power AUTD
Lower T
Upper COUNT

Lower
Upper

SGL SHEEP

Fig. 2.31 Adjacent channel power due to modulation spectrum and transient spectrumi#

The peak power display depends on the selected sweep time. The longer the
sweep time, the higher the probability of measuring the highest peak amplitude of
the signal.

With shorter sweep times, level dips can be seen in the time domain traces.
These level dips come from the burst characteristics of the signal. The numerical
results, however, indicate the peak amplitudes during the measurement in the
corresponding channel.

25.3.5 Measurement Example 5 — Measuring adjacent channel power of a W-CDMA
uplink signal

Test setup:

Signal
generator

FSU

\

Settings on the signal generator (e.g. R&S SMIQ):
Frequency: 1950 MHz
Level: 4 dBm
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Modulation: 3 GPP W-CDMA Reverse Link

Measurement with the R&S FSU:

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

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

2. Set the center frequency to 1950 MHz.
O Press the FREQ key and enter 1950 MHz.

3. Switch on the ACP measurement for W-CDMA.
O Press the MEAS key.
0 Press the CHAN PWR ACP { softkey.
O Press the CP/ACP STANDARD softkey.

O From the list of standards, select W-CDMA 3GPP REV using the spinwheel or
the cursor down key below the spinwheel and press ENTER.

The R&S FSU 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.

O Press the ADJUST REF LEVEL softkey.
The R&S FSU 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:

CP # ACP
CONFIG o

SET CP
REFERENCE
IHzs
W-CONMA JGPP REV
Power

CHAN PUR
7/ HZ

Lower
Upper

Lower
Upper

ADJUST
REF LUL

ADJUST

SCREEN B || _SETTINGS

Fig. 2.32 Measuring the relative adjacent channel power on a W-CDMA uplink signal
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5. Measuring adjacent channel power with the Fast ACP method.
O Press the CP/ACP CONFIG { softkey.
0 Set FAST ACP softkey to ON.

O Press the ADJUST REF LVL softkey.
The R&S FSU measures the power of the individual channels in the time
domain. 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 the channel filter.

ND. OF

Att 15 B SH s
Att 15 B LT 108 o ADJ CHAN

CHANNEL
BANDWIDTH

ADJ CHAN
BANDWIDTH

ADJ CHAN
SPACING

CP/ACP

H-CDMA 3GPP REV

Power

Lower FAST ACP

Upper c OFF

Rlternate Channel
2 254 vk Lower SELECT

10 Hz Upper TRACE

ADJUST
REF LUL

SR

ADJUST

Fig. 2.33 Measuring the adjacent channel power of a W-CDMA signal with the Fast ACP
method

With W-CDMA, the R&S FSU dynamic range for adjacent channel measure-
ments is limited by the 14-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 R&S FSU. The
power values produced by the R&S FSU 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. 2.34 The R&S FSU’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 —10 dBm. The relative adjacent channel power (ACPR)
at an optimum mixer level is —77,5 dBc. Since, at a given signal level, the mixer level
is set in 5 dB steps with the 5 dB RF attenuator, the optimum 5 dB range is shown in
the figure: it spreads from —13 dBm to —8 dBm. The obtainable dynamic range in this
range is 76 dB.

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

« Set the RF attenuation so that the mixer level (= measured channel power — RF
attenuation) is between -13 dBm and -8 dBm.

« Set the reference level to the largest possible value where no overload (IFOVLD)
is indicated.

This method is automated with the R&S FSU’s ADJUST REF LEVEL function.
Especially in remote control mode, e.g. in production environments, it is best to cor-
rectly set the attenuation parameters prior to the measurement, as the time required
for automatic setting can be saved.

To measure theR&S FSU’s intrinsic dynamic range for W-CDMA adjacent chan-
nel 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 that do not have a constant envelope in the time domain are
used, the transmitter has to handle peak amplitudes that are greater than the aver-
age 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 FSU has simple measurement func-
tions to determine both the APD = Amplitude Probability Distribution and CCDF =
Complementary Cumulative Distribution Function.

In the literature, APD is also used for the probability of amplitude violation. This is
the complimentary function to the APD function of R&S FSU. The term PDF
(=Probability Density Function) which is frequently used in the literature corre-
sponds to the APD function of R&S FSU.

2541

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 gener-
ated by the R&S FSU

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

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

2. Configure the R&S FSU for APD measurement

O Press the AMPT key and enter -60 dBm.
The R&S FSU’s intrinsic noise is displayed at the top of the screen.

O Press the MEAS key.
O Press the SIGNAL STATISTIC U softkey.

O Setthe APD softkey to ON.
The R&S FSU 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 (see Fig. 2.35).

2.44
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Fig. 2.35 Amplitude probability distribution of white noise

3. Switch to the CCDF display mode.
0 Set the CCDF softkey to ON

The APD measurement is switched off and the CCDF display mode is switched
on.

APD
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C TN T T T 1
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Fig. 2.36 The 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

If the amplitude distribution is measured, the resolution bandwidth must be set in
a way that the complete spectrum of the signal to be measured falls within the
bandwidth. This is the only way of ensuring that all the amplitudes will pass
through the IF filter without being distorted. If the selected resolution bandwidth 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.
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A video bandwidth which is large in comparison to the resolution bandwidth (> 3 x
RBW) must be selected. This ensures that the amplitude peaks of the signal are
not smoothed by the lowpass effect of the video filter. The video bandwidth is set
automatically during statistics measurements.

Since the video bandwidth of the R&S FSU is limited to 10 MHz, lowpass filtering
occurs during measurements with a resolution bandwidth of 10 MHz. Additional
band-limiting occurs at a resolution bandwidth of 10 MHz due to the lowpass
filtering at the output of the log amplifier. The latter limits the video signal to a
bandwidth of 8 MHz in order to obtain sufficient suppression of the 20.4 MHz IF.
The level range of the signal amplitudes, e.g. during APD white-noise
measurements, is smaller. For broadband-modulated signals such as W-CDMA
signals, the effect depends on the bandwidth occupied by the signal. At a signal
bandwidth of 4 MHz, the amplitude distribution can be measured correctly with the
effective video bandwidth.

5. Selecting the number of samples

For statistics measurements with the R&S FSU, 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. It is indicated on the R&S FSU display.
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

1 —
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For details refer to the Quick Start Guide chapter 4, “Basic Operation”.
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4.1 Introduction

All functions of the R&S FSU and their application are explained in detail in this
chapter. The sequence of the described menu groups depends on the procedure
selected for the configuration and start of a measurement:

1. Resetting the instrument
— “R&S FSU Initial Configuration — PRESET Key” on page 4.5
2. Setting the mode
— “Mode Selection — Hotkey Bar” on page 4.7
— “Return to Manual Operation — LOCAL Menu” on page 4.8
3. Setting the measurement parameters in analyzer mode
— “Analyzer Mode” on page 4.9
4. Basic functions for general settings, printout and data management
— “Setup of Limit Lines and Display Lines — LINES Key” on page 4.138
— “Configuration of Screen Display — DISP Key” on page 4.151
— “Instrument Setup and Interface Configuration — SETUP Key” on page 4.157
— *“Saving and Recalling Data Sets — FILE Key” on page 4.189
— “Measurement Documentation — HCOPY Key” on page 4.198
5. Additional and optional functions
— “Tracking Generator — Option R&S FSU-B9” on page 4.205
— “External Generator Control — Option R&S FSU-B10” on page 4.220
— “LAN Interface - Option R&S FSP-B16” on page 4.239
— “LOIIF ports for external mixers - Option R&S FSU-B21” on page 4.259
— “Broadband FM Demodulator - Option R&S FSU-B27” on page 4.283
— “Trigger Port — Option R&S FSP-B28” on page 4.286

The operating concept is described in the Quick Start Guide, chapter 4, “Basic Oper-
ation”.

The remote commands (if any) are indicated for each softkey. A detailed description
of the associated remote commands is given in chapter “Remote Control — Descrip-
tion of Commands”.
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4.2 R&S FSU Initial Configuration — PRESET Key

PRESET Using the PRESET key, the R&S FSU can be set to a predefined initial state.

The settings are 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 initial instrument state set by the PRESET key can be adapted to arbitrary
applications using the STARTUP RECALL function. With this function the STAR-
TUP RECALL data set is loaded upon pressing the PRESET key. For further infor-
mation refer to section “Saving and Recalling Data Sets — FILE Key” on
page 4.189.

Pressing the PRESET key causes the R&S FSU to enter its initial state according to
the following table:

Operating Manual 1166.1725.12 - 08 4.5



R&S FSU Instrument Functions
I ——

R&S FSU Initial Configuration — PRESET Key

Table 4-1 Initial State of R&S FSU

Parameter Settings

Mode Spectrum

Center frequency 0,1x center frequency
Center frequency step size 0.1 * center frequency
Span model-dependant, see data sheet
RF attenuation auto (5 dB)
Reference level -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 blank

Detector auto peak

Trace math off

Frequency offset 0 Hz

Reference level offset 0dB

Reference level position 100 %

Grid abs

Cal correction on

Noise source off

Input RF

Display Full screen, active screen A
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4.3 Mode Selection — Hotkey Bar

For fast mode selection the R&S FSU has keys located under the measurement
screen, the so-called hotkeys. These hotkeys are displayed depending on the
options installed on the instrument. According to the selected mode, the correspond-
ing softkey menus are displayed (on the right side of the measurement screen).

In this section, only the hotkeys provided by the basic model are described. For
information on the other hotkeys refer to the corresponding option descriptions.

SPECTRUM

MORE

SCREEN A/
SCREEN B

Fig. 4.1 Hotkey bar of the basic model

The SPECTRUM hotkey sets R&S FSU to analyzer mode. For details on the softkey
menus refer to section “Analyzer Mode” on page 4.9.

The analyzer mode is the default mode of R&S FSU.

Remote command: INST:SEL SAN

The MORE hotkey switches to side hotkey bar(s) and back to the main hotkey bar.
In the side hotkey bar(s), the hotkeys for the options are located. For further infor-
mation refer to the descriptions of the corresponding options.

With the SCREEN A / SCREEN B hotkey two different settings can be selected on

the R&S FSU in the FULL SCREEN display mode.

In the SPLIT SCREEN display mode the key switches between active diagram A
and B.

The key designation indicates the diagram which has been activated by means of
the key.

The currently active window is marked by | A or| B | on the right of the dia-
gram.

Remote command: DISP:WIND<1|2>:SEL A
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4.4 Return to Manual Operation — LOCAL Menu

LOCAL The LOCAL menu is displayed on switching the instrument to remote control mode.

At the same time, the hotkey bar is blanked out and all keys are disabled except the
PRESET key. The diagram, traces and display fields are then blanked out (they can
be activated using the SYSTem:DISPlay:UPDate remote control command).

The menu contains only one softkey, the LOCAL key. The LOCAL key switches the
instrument from remote to manual operation, with the assumption that the remote
controller has not previously set the LOCAL LOCKOUT function.

A change in the control mode consists of:
+ Enabling the Front Panel Keys

Returning to manual operation enables all inactive keys and turns on the hotkey
bar. The softkey menu which is displayed is the main menu of the current mode.

* Inserting the measurement diagrams
The blanked diagrams, traces and display fields are inserted.
* Generating the message OPERATION COMPLETE

If, at the time of pressing the LOCAL softkey, the synchronization mechanism via
*OPC, *OPC? or *WAI is active, the currently running measurement procedure is
aborted and synchronization is achieved by setting the corresponding bits in the
registers of the status reporting system.

» Setting Bit 6 (User Request) of the Event Status Register

With a corresponding configuration of the status reporting system, this bit
immediately causes the generation of a service request (SRQ) which is used to
inform the control software that the user wishes to return to front-panel control.
This information can be used, e.g., to interrupt the control program so that the user
can make necessary manual corrections to instrument settings. This bit is set
each time the LOCAL softkey is pressed.

If the LOCAL LOCKOUT function is active in the remote control mode, the front-
panel PRESET key is also disabled. The LOCAL LOCKOUT state is left as soon
as the process controller de-activates the REN line or the GPIB cable is discon-
nected from the instrument.

1
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4.5 Analyzer Mode
The analyzer mode is activated by pressing the SPECTRUM hotkey (see also sec-
tion “Mode Selection — Hotkey Bar” on page 4.7)
SPECTRUM The SPECTRUM hotkey selects the mode for spectrum analysis, the so-called ana-

lyzer mode.
This mode is the default mode of the R&S FSU.

The functions provided correspond to those of a conventional spectrum analyzer.
The R&S FSU measures the frequency spectrum of the test signal over the selected
frequency range with the selected resolution and sweep time, or, for a fixed fre-
quency, displays the waveform of the video signal.

If two displays (screen A and screen B) are opened after switch-on of signal analy-
sis, the analyzer mode is only set for the display activated for entry (marked at the
top right corner of diagram). For the other display, the previous settings remain
valid.

Data acquisition and display of measured values is sequential: first in the upper
and then in the lower display.

4.5.1

Frequency and Span Selection — FREQ Key

The FREQ key is used to specify the frequency axis of the active display window.
The frequency axis can be defined either by the start and stop frequency or by the
center frequency and the span (SPAN key). With two windows (SPLIT SCREEN)
displayed at the same time, the input data always refer to the window selected in the
SYSTEM - DISPLAY menu.

The softkeys in the CF STEPSIZE menu depend on the selected domain: frequency
domain or time domain.
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FREQ CENTER
CF STEPSIZE & 0.1 *SPAN/0.1 * RBW
0.5 *SPAN /0.5 * RBW
X *SPAN / X * RBW
= CENTER
= MARKER
MANUAL
START
STOP
FREQUENCY OFFSET
SIGNAL TRACK & TRACK ON/OFF
TRACK BW
TRACK THRESHOLD
SELECT TRACE
EXTERNAL MIXER
(option B21)
CENTER The CENTER softkey opens the window for manually entering the center frequency.

The allowed range of values for the center frequency is:
» for the frequency domain (span >0):

minspan / 2 < feenter < fmax — minspan / 2
» and for the time domain (span = 0):

0 Hz < feenter < fmax
feenter center frequency
minspan  smallest selectable span > 0 Hz (10 Hz)

fmax max. frequency

Remote command: FREQ:CENT 100MHz
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CF STEPSIZE The CF STEPSIZE softkey opens a submenu for setting the step size of the center
frequency. The step size can be coupled to the span (frequency domain) or the res-
olution bandwidth (time domain) or it can be manually set to a fixed value. The soft-
keys are mutually exclusive selection keys.

The softkeys are presented according to the selected domain (frequency or time).
Softkeys in frequency domain:

0.1 * SPAN The 0.1 * SPAN softkey sets the step size for the center frequency entry to 10% of
the span.

Remote command: FREQ:CENT:STEP:LINK SPAN
FREQ:CENT:STEP:LINK:FACT 10PCT

0.5* SPAN The 0.5 * SPAN softkey sets the step size for the center frequency entry to 50% of
the span.

Remote command: FREQ:CENT:STEP:LINK SPAN
FREQ:CENT:STEP:LINK:FACT 50PCT

X*SPAN The X * SPAN softkey allows the factor defining the center frequency step size to be
entered as % of the span.

Remote command: FREQ:CENT:STEP:LINK SPAN
FREQ:CENT:STEP:LINK:FACT 20PCT

= CENTER The = CENTER softkey sets the step size coupling to MANUAL and the step size to
the value of the center frequency. This function is especially useful during measure-
ments of the signal harmonic content because by entering the center frequency
each stroke of the STEP key selects the center frequency of another harmonic.

Remote command: -—

= MARKER The = MARKER softkey sets the step size coupling to MANUAL and the step size to
the value of the marker. 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 STEP key selects the center frequency of another har-
monic.

Remote command: -—

MANUAL The MANUAL softkey activates the window for entering a fixed step size.

Remote command: FREQ:CENT:STEP 120MHz
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0.5* RBW

X* RBW

= CENTER

= MARKER

MANUAL

START

Analyzer Mode

Softkeys in time domain:

The 0.1 * RBW softkey sets the step size for the center frequency entry to 10% of
the resolution bandwidth.

AUTO 0.1 * RBW corresponds to the default setting.

Remote command: FREQ:CENT:STEP:LINK RBW
FREQ:CENT:STEP:LINK:FACT 10PCT

The 0.5 * RBW softkey sets the step size for the center frequency entry to 50% of
the resolution bandwidth.

Remote command: FREQ:CENT:STEP:LINK RBW
FREQ:CENT:STEP:LINK:FACT 50PCT

The X * RBW softkey allows the factor defining the center frequency step size to be
entered as % of the resolution bandwidth.

Values between 1 and 100% in steps of 1% are allowed. The default setting is 10%.

Remote command: FREQ:CENT:STEP:LINK RBW
FREQ:CENT:STEP:LINK:FACT 20PCT

The = CENTER softkey sets the step size coupling to MANUAL and the step size to
the value of the center frequency. This function is especially useful during measure-
ments of the signal harmonic content because by entering the center frequency
each stroke of the STEP key selects the center frequency of another harmonic.

Remote command: -—

The = MARKER softkey sets the step size coupling to MANUAL and the step size to
the value of the marker. 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 STEP key selects the center frequency of another har-
monic.

Remote command: -—

The MANUAL softkey activates the window for entering a fixed step size.

Remote command: FREQ:CENT:STEP 120MHz

The START softkey activates the window for manually entering the start frequency.
The allowed range of values for the start frequency is:

0 Hz < fstart < fmax - minspan
fstart start frequency
minspan smallest selectable span (10 Hz)

fmax max. frequency

Remote command: FREQ:STAR 20MHz

412
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STOP The STOP softkey activates the window for entering the stop frequency.
The allowed range of values for the stop frequency is:
minspan < fstop < fmax
fstop stop frequency

minspan smallest selectable span (10 Hz)

fmax max. frequency
Remote command: FREQ:STOP 2000MHz

FREQUENCY The FREQUENCY OFFSET softkey activates the window for entering an arithmeti-
OFFSET cal frequency offset which is added to the frequency axis labelling. The allowed
range of values for the offset is -100 GHz to 100 GHz. The default setting is 0 Hz.

Remote command: FREQ:OFFS 10 MHz
SIGNAL The SIGNAL TRACK softkey switches on the tracking of a signal near the center fre-
TRACK quency. The signal is tracked as long it is in the search bandwidth around the center
frequency defined with TRACK BW and above the level threshold defined with
TRACK THRESHOLD.

For that purpose, the maximum signal is searched (PEAK SEARCH) on the screen
and the center frequency set to this signal (MARKER ->CENTER) after each fre-
quency sweep within the search bandwidth.

If the signal falls below the level threshold or jumps out of the search bandwidth
around the center frequency, the center frequency is not varied until a signal is in the
search bandwidth above the level threshold. This can be achieved by manually
modifying the center frequency, for example.

On switching on, the softkey is highlighted and the search bandwidth and the thresh-
old value are marked on the diagram by two vertical lines and one horizontal line. All
these lines are provided with the designation TRK.

At the same time a submenu is opened in which the search bandwidth, the threshold
value and the trace can be modified for the maximum search.

The softkey is only available in the frequency domain (span >0).

Remote command: CALC:MARK:FUNC:STR OFF

TRACK ON/OFF  The TRACK ON/OFF softkey switches on and off signal tracking.

Remote command: CALC:MARK:FUNC:STR OFF

TRACKBW The TRACK BW softkey defines the search bandwidth for signal tracking. The fre-
quency range is symmetrical with respect to the center frequency.

Remote command: CALC:MARK:FUNC:STR:BAND 10KHZ

TRACK The TRACK THRESHOLD softkey defines the threshold value for signal detection.
THRESHOLD The value is always entered as an absolute level value.

Remote command: CALC:MARK:FUNC:STR:THR -70DBM
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MANUAL
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ZERO SPAN

Analyzer Mode

The SELECT TRACE softkey selects the trace on which signal tracking is to be per-
formed.

Remote command: CALC:MARK:FUNC:STR:TRAC 1

Setting the Frequency Span — SPAN Key
The SPAN key opens a menu which offers various options for setting the span.

The entry of the span (SPAN MANUAL softkey) is automatically active for span > 0
Hz.

For span = 0 Hz the entry for sweep time (SWEEPTIME MANUAL) is automatically
active.

With two windows (SPLIT SCREEN) displayed at the same time, the input data
always refer to the window selected with the SCREEN A/B hotkey.

SPAN MANUAL

SWEEPTIME MANUAL

FULL SPAN

ZERO SPAN

LAST SPAN

FREQ AXIS LIN | LOG

The SPAN MANUAL softkey activates the window for manually entering the fre-
quency span. The center frequency is kept constant.

Allowed range of span values:
» for the time domain (span =0): 0 Hz

+ and for the frequency domain (span >0): minspan < fspan < fmax
fspan frequency span
minspan  smallest selectable span (10 Hz)

fmax max. frequency
Remote command: FREQ:SPAN 2GHz

The SWEEPTIME MANUAL softkey activates the window for entering the sweep
time manually with Span = 0 Hz. The softkey is not available for Span > 0 Hz.

Remote command: SWE:TIME 10s

The FULL SPAN softkey sets the span to the full frequency range of R&S FSU.

Remote command: FREQ:SPAN:FULL

The ZERO SPAN softkey sets the span to 0 Hz. The x-axis becomes the time axis
with the grid lines corresponding to 1/10 of the current sweep time (SWT).

Remote command: FREQ:SPAN OHz

4.14
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LAST SPAN After changing the span setting the LAST SPAN softkey activates the previous set-
ting. With this function a fast change between overview measurement (FULL SPAN)
and detailed measurement (manually set center frequency and span) is possible.

Only values > 0 Hz are restored, i.e. a transition between time and frequency
domain is not possible.

Remote command: -—

FREQ AXIS The FREQ AXIS LIN | LOG softkey switches between linear and logarithmic scaling
LIN | LOG of the frequency axis. Switch over is only possible if the stop/start frequency ratio is
>1.4.

The default state is LIN.

The logarithmic frequency axis is only available in analyzer mode and it is not avail-
able in zero span mode, in external mixer mode, with frequency offset or if the ratio
stop frequency / start frequency is below 1.4.

Remote command: DISP:WIND<1|2>:TRAC:X:SPAC LIN

4.5.3 Level Display Setting and RF Input Configuration — AMPT Key

The AMPT key is used to set the reference level, the maximum level and the display
range of the active window as well as the input impedance and the input attenuation
of the RF input.

The AMPT key opens a menu for setting the reference level and the input attenua-
tion of the active window. The data entry for the reference level (REF LEVEL soft-
key) is opened automatically.

Further settings regarding level display and attenuation can be made in this menu.
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RANGE LOG
MANUAL
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LINEAR
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REF LEVEL

RANGE LOG 100 dB

RANGE LOG MANUAL

RANGE LINEAR ¢ RANGE LINEAR %

RANGE LINEAR dB

UNIT & dBm / dBmV / dBpV /
dBpA / dBuW / VOLT /
AMPERE / WATT

RF INPUT AC/DC

RF ATTEN MANUAL

RF ATTEN AUTO

MIXER & MIXER LVL AUTO
MIXER LVL MANUAL

Side menu

REF LEVEL POSITION

REF LEVEL OFFSET

GRID ABS | REL

EL ATTEN AUTO (option B25)

EL ATTEN MANUAL (option B25)

EL ATTEN OFF (option B25)

RF INPUT 50 Ohm | 756 Ohm

The REF LEVEL softkey allows the reference level to be input in the currently active
unit (dBm, dBpV, etc.)

Remote command: DISP:WIND:TRAC:Y:RLEV -60dBm

The RANGE LOG 100 dB softkey sets the level display range to 100 dB.

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

The RANGE LOG MANUAL softkey activates the manual entry of the level display
range. Display ranges from 1 to 200 dB are allowed in 10 dB steps. Inputs which are
not allowed are rounded to the next valid value.

The default setting is 100 dB.

Remote command: DISP:WIND:TRAC:Y:SPAC LOG
DISP:WIND:TRAC:Y 120DB

The RANGE LINEAR softkey selects linear scaling for the level display range of the
R&S FSUr. In addition, it opens a submenu for selecting % or dB for the scaling.

4.16
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%
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dB
UNIT
RF INPUT AC/
DC

Analyzer Mode

When linear scaling is selected, the % scaling is first activated (see also RANGE
LINEAR dB softkey).

Remote command: DISP:WIND:TRAC:Y:SPAC LIN

The RANGE LINEAR % softkey selects linear scaling in % for the level display
range, i.e. the horizontal lines are labelled in %. The grid is divided in decadic steps.
Markers are displayed in the selected unit; delta markers are displayed in % refer-
enced to the voltage value at the position of marker 1.

Remote command: DISP:WIND:TRAC:Y:SPAC LIN

The RANGE LINEAR dB softkey 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; delta markers are displayed in dB refer-
enced to the power value at the position of marker 1.

Remote command: DISP:WIND:TRAC:Y:SPAC LDB

dBm

dBmV

dBuV

dBuA

dBuW

VOLT

AMPERE

WATT

The UNIT softkey opens a submenu allowing to select the unit for the level axis.
The default setting is dBm.

In general, the R&S FSU measures the signal voltage at the RF input. The level dis-
play 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 resis-
tance of 50 Q or 75W, conversion to other units is possible. The units dBm, dBmV,
dBuV, dBuA, dBpW, V, A and W are directly convertible.

Remote command: CALC:UNIT:POW DBM

The RF INPUT AC/DC softkey toggles the RF input of the R&S FSU between AC
and DC coupling.

The softkey is only available for models 3, 8 and 26.

Remote command: INP:COUP AC
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RF ATTEN The RF ATTEN MANUAL softkey allows the attenuation to be entered irrespective of
MANUAL the reference level.

The attenuation can be set in 5 dB steps between 0 and 75 dB.
Other entries will be rounded to the next higher integer value.

If the defined reference level cannot be set for the given RF attenuation, the refer-
ence level will be adjusted accordingly and the warning "Limit reached" will be out-
put.

The 0 dB value can be entered only via the numeric keypad in order to protect the
input mixer against overload.

Remote command: INP:ATT 40 DB
RF ATTEN The RF ATTEN AUTO softkey sets the RF attenuation automatically as a function of
AUTO the selected reference level.

This ensures that the optimum RF attenuation desired by the user is always used.
RF ATTEN AUTO is the default setting.

Remote command: INP:ATT:AUTO ON
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MIXER The MIXER softkey opens a submenu for defining the maximum mixer level attain-
able for the selected reference level.

MIXER LVL The MIXER LVL AUTO softkey activates the automatic calculation of the mixer level
AUTO dependent on the selected reference level and the selected RF attenuation.
Remote command: INP:MIX:AUTO ON

MIXER LVL The MIXER LVL MANUAL softkey allows the maximum mixer level attainable at the
MANUAL reference level to be entered.

The available range is 0 to -100 dBm in 10 dB steps.

Remote command: INP:MIX -25DBM
REF LEVEL The REF LEVEL POSITION softkey allows the reference level position to be
POSITION entered.

The setting range is from -200 to +200%, 0% corresponding to the lower and 100%
to the upper limit of the diagram.

Remote command: DISP:WIND:TRAC:RPOS 100PCT
REF LEVEL The REF LEVEL OFFSET softkey allows the arithmetic level offset to be entered.
OFFSET This offset is added to the measured level irrespective of the selected unit. The scal-

ing of the y-axis is changed accordingly.

The setting range is +200 dB in 0.1 dB steps.

Remote command: DISP:WIND:TRAC:RLEV:0OFFS -10dB

Remote command:

GRID The GRID ABS/REL softkey switches between absolute and relative scaling of the
ABS | REL level axis.

GRID ABS is the default setting.

ABS  The labelling of the level lines refers to the absolute value of the reference
level.

REL  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
(dBm, dBmV,..).

For setting RANGE LINEAR (linear scaling, labelling of axes in %) the softkey is not
displayed since the unit % itself implies a relative scale.

Remote command: DISP:WIND:TRAC:Y:MODE ABS

Operating Manual 1166.1725.12 - 08 4.19



R&S FSU Instrument Functions
I ——

Analyzer Mode

4.5.3.1 Electronic Attenuator

Besides the mechanical attenuator at the RF input, the R&S FSU also offers an
electronic attenuation setting (option ELECTRONIC ATTENUATOR R&S FSU-B25).
The attenuation range is 0 to 30 dB, with the default attenuation being preset by the
mechanical attenuator.

EL ATTEN The EL ATTEN MANUAL softkey switches the electronic attenuator on and allows
MANUAL the attenuation of the electronic attenuator to be set.

The attenuation can be varied in 5 dB steps from 0 to 30 dB. Other entries are
rounded to the next lower integer value.

If the defined reference level cannot be set for the given RF attenuation, the refer-
ence level will be adjusted accordingly and the warning "Limit reached" will be out-
put.

Remote command: INP:EATT:AUTO OFF
INP:EATT 10 DB

This function is only available with option ELECTRONIC ATTENUATOR B25.

EL ATTEN The EL ATTEN AUTO softkey switches the electronic attenuator on and automati-
AUTO cally sets its attenuation to 0 dB.

The allowed setting range of the reference level ranges from the current reference
level on switching on the electronic attenuator to over 30 dB. If a reference level is
set outside the allowed 30-dB range, setting is performed by means of the mechani-
cal attenuator. From this new reference level to over 30 dB the setting is again per-
formed with the electronic attenuator.

Remote command: INP:EATT:AUTO ON

This function is only available with option ELECTRONIC ATTENUATOR B25.
EL ATTEN OFF The EL ATTEN OFF softkey switches the electronic attenuator off.

Remote command: INP:EATT:STAT OFF

This function is only available with option ELECTRONIC ATTENUATOR B25.

RF INPUT The RF INPUT 50 Q2 / 75 Q softkey switches the input impedance of the instrument
50 Ohm | 750 between 50 Q (= default setting) and 75 Q.
hm

The setting 75 Q should be used if the input impedance (50 Q) is transformed to 75
Q using the corresponding adapter unit of type RAZ (= 25 Q in series to the input
impedance of the R&S FSU). The correction value used for the adoption is 1.76 dB
=10 log (752 / 50Q2).

All levels specified in this operating manual refer to the default setting of the instru-
ment (50 Q).

Remote command: INP:IMP 500HM

1 —
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Setting the Bandwidths and Sweep Time — BW Key

The BW key calls a menu for setting the resolution bandwidth (RBW), video band-
width (VBW) and sweep time (SWT) for the frequency sweep. The parameters may
be coupled dependent on the span (stop minus start frequency) or freely set by the
user. When working with a split screen display, the settings always refer to the active
window.

The R&S FSU offers resolution bandwidths from 10 Hz to 20 MHz (FSU43: 10 Hz to
10 MHz) in 1, 2, 3, 5, 10 steps and additionally 50 MHz (not FSU43) as maximum
bandwidth.

Resolution bandwidths up to 100 kHz are realized using digital bandpasses with
Gaussian characteristics. As far as the attenuation characteristic is concerned they
behave like analog filters but have a much higher measurement speed than compa-
rable analog filters. This is due to the fact that the transient response can be com-
pensated as a result of an accurately defined filter behavior.

Bandwidths above 100 kHz are realized using decoupled 5-circuit LC filters.

As an alternative to the analog filters, FFT filters are available for the bandwidths
between 1 Hz and 30 kHz. When working with bandwidths up to 30 kHz, the FFT
algorithm offers considerably higher measurement speeds with all the other settings
remaining the same. The reason is that with analog filters the sweep time required
for a particular span is proportional to (Span/RBW?2). When using the FFT algorithm,
however, the sweep time is proportional to (Span/RBW).

The video bandwidths are available in 1, 2, 3, 5, 10 steps between 1 Hz and 10 MHz
(to 30 MHz for resoluion bandwidth > 10 MHz, not FSU43). They can be set in
accordance with the resolution bandwidth.

The video filters serve for smoothing the displayed trace. Video bandwidths that are
small compared to the resolution bandwidth average out noise peaks and pulsed
signals, so that only the signal average is displayed. If pulsed signals are to be mea-
sured, 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 mea-
sured correctly.

For analog and digital filters, the R&S FSU has overload reserves of different mag-
nitude above the reference level. Due to the LO breakthrough the overload display
OVLD responds with digital filters with RBW < 100 kHz, as soon as the start fre-
quency is selected < 6 x RBW; for RBW = 100 kHz as soon as the start frequency
is below 3 MHz.
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RES BW MANUAL

VIDEO BW MANUAL

SWEEPTIME MANUAL

RES BW AUTO

VIDEO BW AUTO

SWEEPTIME AUTO

COUPLING RATIO & RBW / VBW SINE [1/3]

RBW / VBW
PULSE [0.1]

RBW / VBW NOISE [10]

RBW / VBW MANUAL

SPAN / RBW AUTO [50]

SPAN / RBW MANUAL

DEFAULT COUPLING

FILTER TYPE

Side menu

MAIN PLL BANDWIDTH

FFT FILTER MODE

VBW MODE LIN | LOG

The BW key opens a menu for setting the resolution bandwidth, the video bandwidth,
the sweep time and their couplings.

The ...BW AUTO softkeys are used to couple the functions. The coupling ratios are
selected by means of the COUPLING RATIO softkey.

The ...BW MANUAL softkeys allow a parameter to be entered. This parameter is not
coupled to the other parameters.

With the ...BW AUTO softkeys the resolution bandwidth, the video bandwidth and
the sweep time can be entered separately for the frequency domain (span > 0 Hz)
and the time domain (span = 0 Hz).

But with ...BW MANUAL softkeys the selected values apply to both the frequency
and time domain.

4.22
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RES BW The RES BW MANUAL softkey activates the manual data entry for the resolution
MANUAL bandwidth.

The resolution bandwidth can be selected in 1/2/3/5/10 steps in the range between
10 Hz and 20 MHz (FSU43: between 10 Hz and 10 MHz). Additionally a maximum
bandwidth of 50 MHz (not FSU43) is available. The nominal resolution bandwidth is
the 3 dB bandwidth.

When FFT filters are used, the lower limit of the bandwidth is 1 Hz. FFT filters may
be used with bandwidths up to 30 kHz.

For numeric inputs, the values are always rounded to the nearest possible band-
width. For rotary knob or UP/DOWN key inputs, the bandwidth is adjusted in steps
either upwards or downwards.

For filter type CHANNEL or RRC, the bandwidth is selected from the list of available
channel filters given in section “Filter Types” on page 4.27.

For data entry, the cursor keys (<] and <] scroll through this list.

The manual input mode of the resolution bandwidth is indicated by a green asterisk
(*) on the display.

Remote command: BAND:AUTO OFF;
BAND 1MHz
VIDEO BW The VIDEO BW MANUAL softkey activates the manual data entry for the video
MANUAL bandwidth.
The video bandwidth can be selected in 1/2/3/5/10 steps in the range between 1 Hz
and 10 MHz.

For numeric inputs, the values are always rounded to the nearest possible allowed
bandwidth. For rotary knob or UP/DOWN key inputs, the bandwidth is adjusted in
steps either downwards or upwards.

The manual input mode of the video bandwidth is indicated by a green asterisk (*)
on the display.

Remote command: BAND:VID:AUTO OFF;
BAND:VID 10 kHz

SWEEPTIME The SWEEPTIME MANUAL softkey activates the manual data entry for the sweep
MANUAL time. At the same time, the coupling of the sweep time is cancelled. Other couplings
(VIDEO BW, RES BW) remain effective.

In the frequency domain (span > 0 Hz) and for resolution bandwidths above 1 kHz,
the allowed sweep times for spans > 3.2 kHz range from 2.5 ms through to 16000 s.
With spans below 3.2 kHz, the maximum allowed sweep time is reduced to 5 s *
span/Hz.

If FFT filters are used, the sweep time is fixed by the span and the bandwidth and
therefore cannot be set.

In time domain (span = 0 Hz), the range of sweep times is 1 ys to 16000 s is select-
able in steps of max. 5% of the sweep time. For numeric inputs, rounding is made to
the nearest possible sweep time. For rotary knob or UP/DOWN key inputs, the
sweep time is adjusted in steps either downwards or upwards.
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The manual input mode of the sweep time is indicated by a green asterisk (*) on the
display. If the selected sweep time is too short for the selected bandwidth and span,
level measurement errors will occur. This happens because the available settling
time for the resolution or video filters is too short. In this case, the R&S FSU outputs
UNCAL on the display and marks the indicated sweep time with a red asterisk (*).

Remote command: SWE: TIME:AUTO OFF;
SWE:TIME 10s

The RES BW AUTO softkey couples the resolution bandwidth to the selected span.
Changing the span causes automatic adjustment of the resolution bandwidth.

Automatic coupling of resolution bandwidth to span is always recommended when a
favorable setting of the resolution bandwidth in relation to the selected span is
desired for the measurement under request.

The coupling ratio is set in the COUPLING RATIO submenu.

The RES BW AUTO softkey is only available in the frequency domain (span > 0 Hz).
The softkey is deactive in the time domain.

Remote command: BAND:AUTO ON

The VIDEO BW AUTO softkey couples the video bandwidth to the resolution band-
width. If the resolution bandwidth is changed, the video bandwidth is automatically
adjusted.

The coupling of the video bandwidth is always recommended when the minimum
sweep time is required for a selected resolution bandwidth. Narrower video band-
widths require longer sweep times due to the longer settling time. Wider bandwidths
reduce the signal/noise ratio.

The coupling ratio is set in the COUPLING RATIO submenu.
The coupling of the video bandwidth to the resolution filter is also permitted for the
time domain display (span = 0).

Remote command: BAND:VID:AUTO ON

The SWEEPTIME AUTO softkey couples the sweep time to the span, video band-
width (VBW) and resolution bandwidth (RBW). The sweep time is automatically
adjusted on any change in span, resolution bandwidth or video bandwidth.

The softkey is only available in the frequency domain (span >0 Hz). It is blanked in
the time domain.

The R&S FSU always selects the shortest sweep time possible without falsifying the
signal. The maximum level error compared to using a longer sweep time is < 0.1 dB.
If additional bandwidth and level errors are to be avoided, the sweep time is to be
set to three times the time offered in coupled mode.

Remote command: SWE : TIME : AUTO ON
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COUPLING The COUPLING RATIO softkey opens a submenu for selection of the coupling ratios.
RATIO

RBW / VBW SINE [1/3]

RBW /VBW PULSE [0.1]

RBW / VBW NOISE [10]

RBW / VBW MANUAL

SPAN / RBW AUTO [50]

SPAN / RBW MANUAL

When the default setting is active, i.e. the COUPLING RATIO softkey is deactivated
(not highlighted), the ratio span/resolution bandwidth (SPAN/RBW) is 50 (this corre-
sponds to SPAN / RBW AUTO [50]) and the ratio resolution bandwidth/video band-
width (RBW/VBW) is 0.33 (this corresponds to RBW / VBW SINE [1/3]).

If the ratio RBW/VBW or SPAN/RBW is different from the default setting, the COU-
PLING RATIO softkey is highlighted.

The softkeys RBW/VBW... are selection keys. Only one softkey can be enabled at
any one time. The softkeys are only effective for the VBW AUTO selection in the
main menu.

The softkeys SPAN/RBW... are also selection keys. They are only effective for the
RBW AUTO selection in the main menu.

RBW /VBW  The RBW | VBW SINE [1/3] softkey sets the following coupling ratio:
SINE [1/3] video bandwidth = 3 x resolution bandwidth.

This is the default setting for the coupling ratio resolution bandwidth/video band-
width.

This is the coupling ratio recommended if sinusoidal signals are to be measured.

Remote command: BAND:VID:RAT 3

This setting is only effective for the VBW AUTO selection in the main menu.

RBW /VBW The RBW | VBW PULSE [0.1] softkey sets the following coupling ratio:
PULSE [0.1] video bandwidth = 10 x resolution bandwidth or
video bandwidth = 10 MHz (= max. VBW).

This coupling ratio is recommended whenever the amplitudes of pulsed signals are
to be measured correctly. The IF filter is exclusively responsible for pulse shaping.
No additional evaluation is performed by the video filter.

Remote command: BAND:VID:RAT 10

This setting is only effective for the VBW AUTO selection in the main menu.
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RBW /VBW  The RBW/VBW NOISE [10] softkey sets the following coupling ratio:
NOISE [10] video bandwidth = resolution bandwidth/10

At this coupling ratio, noise and pulsed signals are suppressed in the video domain.
For noise signals, the average value is displayed.

Remote command: BAND:VID:RAT 0.1

This setting is only effective for the VBW AUTO selection in the main menu.

RBW /VBW  The RBW/VBW MANUAL softkey activates the manual input of the coupling ratio.

MANUAL The resolution bandwidth/video bandwidth ratio can be set in the range 0.001 to
1000.
Remote command: BAND:VID:RAT 10

This setting is only effective for the VBW AUTO selection in the main menu.

SPAN /RBW  The SPAN/RBW AUTO [50] softkey sets the following coupling ratio:
AUTO [50] resolution bandwidth = span/50

This coupling ratio is the default setting of the R&S FSU

Remote command: BAND:RAT 0.02

This setting is only effective for the RBW AUTO selection in the main menu.

SPAN/RBW  The SPAN/RBW MANUAL softkey activates the manual input of the coupling ratio.

MANUAL The span / resolution bandwidth ratio can be set in the range
1 to 10000.
Remote command: BAND:RAT 0.1
This setting is only effective for the RBW AUTO selection in the main menu.
DEFAULT The DEFAULT COUPLING softkey sets all coupled functions to the default state
COUPLING (AUTO). In addition, the ratio RBW/VBW is set to SINE [1/3] and the ratio SPAN/

RBW to 50 in the COUPLING RATIO submenu (default setting, COUPLING RATIO
softkey not highlighted).

Remote command: BAND:AUTO ON
BAND:VID:AUTO ON
SWE: TIME :AUTO ON

FILTER TYPE The FILTER TYPE softkey opens the selection list for different filter types. In the
range up to 30 kHz digital band filters with Gaussian characteristic and filtering with
FFT algorithm can be selected.

EAT (AdB
FFT
CHANNEL
RRC
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4.5.41 Filter Types

+ NORMAL (3dB): The resolution bandwidths are implemented by Gaussian filters
with the set 3 dB bandwidth and correspond approximately to the noise
bandwidth. For bandwidths up to 100 kHz, digital bandpass filters are used.

« EMI (6dB): The resolution bandwidths are implemented by Gaussian filters with
the set 6 dB bandwidth and correspond approximately to the pulse bandwidth. For
bandwidths up to 120 kHz, digital bandpass filters are used. The RBW 10 Hz,
100 Hz, 200 Hz, 1 kHz, 9 kHz, 10 kHz, 100 kHz, 120 kHz and 1 MHz are
available

« FFT: An FFT is performed. For that purpose, the filtered IF signal is digitized and
then transformed into the spectral domain via FFT. The transformation range
depends on the selected filter bandwidths and can be set between 4 kHz to 50
kHz. If the span is larger than the transformation range, several transformations
are performed and the results are appended to each other in the spectral domain.

If the span is smaller than the transformation range, the measurement results are
interpolated when the number of measurement points provided by the FFT is
smaller than the number of display points in x-direction (625). A flattop window
serves as a window in the time domain so that high amplitude precision with good
selection is achieved.

Sweep time Defined by the selected bandwidth and span (reason:
FFT filtering is a block transformation). It cannot be
changed (softkey deactivated).

Detector Sample detector and peak detector are available.
Peak detector is active when AUTO SELECT is
selected.

Video bandwidth Not defined in case of FFT; therefore cannot be set
(softkeys deactivated).

Compared to bandpasses, FFT filters lead to significantly reduced sweep times.
For a span of 50 kHz and a bandwidth of 100 Hz, for instance, the sweep time is
reduced from 5 s to 40 ms. 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.

As soon as the FFT filters are active (RBW < 30 kHz) the sweep time display field
(SWT) is replaced by the acquisition time (AQT) display field.

FFT is a block transformation so the result depends on the time relation between
the data set to be transformed and the burst or pulsed signal. A gated sweep mea-
surement for TDMA signals is therefore not provided if FFT filters are used.

Additionally, a number of especially steep-edged channel filters are available for
power measurement since firmware version 1.10.

+ CHANNEL = general, steep-edged channel filters

* RRC =filters with root-raised cosine characteristic
(RRC = Root Raised Cosine)
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When selecting these filter types, the automatic coupling of the resolution bandwidth
to the span is not available. The filters are selected via the RES BW softkey.

A list of all available channel filters with their associated applications can be found at
the end of this section.

Remote command: SENS:BAND:RES:TYPE NORM | FFT | CFIL | RRC
| PULSe

4.5.4.2 List of Available Channel Filters

The channel filters included in the following table can be activated via the FILTER
TYPE softkey and are then available as resolution filters (softkey RES BW)

They are available for firmware version 1.10 or higher.

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.

Filter Bandwidth Filter Type | Application

100 Hz CFlLter

200 Hz CFILter A0

300 Hz CFlLter

500 Hz CFlLter

1 kHz CFILter

3 kHz CFILter

3.4 kHz CFILter

4 kHz CFlLter DAB, Satellite

8.5 kHz CFILter ETS300 113 (12.5 kHz channels)
10 kHz CFILter

12.5 kHz CFlLter CDMAone

14 kHz CFlLter ETS300 113 (20 kHz channels)
16 kHz CFILter ETS300 113 (25 kHz channels)
18 kHz, 0=0.35 RRC TETRA

21 kHz CFILter PDC

24.3 kHz, 0=0.35 RRC IS 136

30 kHz CFILter CDPD, CDMAone

100 kHz CFILter

150 kHz CFILter FM Radio

192 kHz CFILter

300 kHz CFlLter

500 kHz CFILter J.83 (8-VSB DVB, USA)

1.0 MHz CFlLter CDMAone

1.2288 MHz CFILter CDMAone

1.5 MHz CFILter DAB
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The MAIN PLL BANDWIDTH softkey defines the bandwidth of the main PLL of the
synthesizer of the R&S FSU and thus influences the phase noise of the R&S FSU.
Three bandwidth settings are possible (High / Medium / Low); if AUTO is selected,
the bandwidth is set automatically (default).

Remote command: BAND:PLL AUTO

The softkey FFT FILTER MODE allows to specify between the following three
options for FFT filters:

WIDE: The FFT filters with the greater partial span (this is the span which is
covered with one FFT analysis) are used always.

AUTO: The firmware decides whether to use wide or narrow filters to achieve
the best performance of the measurement.

NARROW: The FFT filters with the smaller partial span are used, this allows mea-
surements near a carrier with reduced reference level, because of a
more narrow analog prefilter.

Remote command: SENS:BWID:FFT WIDE | AUTO | NARR

The VBW MODE LIN/LOG softkey determines the position of the video filter in the
signal path for resolution bandwidths < 100 kHz:

» If LINear is selected, the video filter will be in front of the logarithmic amplifier
(default).

+ If LOGarithmic is selected, the video filter will be behind the logarithmic amplifier.

The essential difference between the two operating modes relates to the settling in
case of falling signal edges:

With LINear, the falling signal edge will be "flatter” than with LOGarithmic.

This is due to the conversion from linear power to logarithmic level units: a reduction
of the linear power by 50% reduces the logarithmic signal level by only 3 dB.

This is important for EMI measurements above 1 GHz. Below 1 GHz, CISPR 16-1-1
defines the linear average detector only. Above 1 GHz both, the linear and the loga-
rithmic average detector may be specified in product standards. Some standards
(e.g. ANSI C63.4:2000) require the linear average detector, whereas microwave
oven measurements may be made with the log average detector. CISPR 11 speci-
fies weighted measurements with a VBW of 10 Hz.

Fig. 4.2 shows the response of the linear and the logarithmic average detector for
pulse-modulated signals.
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Comparison of linear and log. Average Detectors
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Fig. 4.2 Reponses of the linear and the logarithmic average detectors as a function of pulse
repetition frequency (PRF) for pulse-modulated signals with pulse durations of 400 ns
and 1 ms. Resolution bandwidth is 1 MHz.

Remote command: BAND:VID:TYPE LIN

4.5.5 Sweep Settings —- SWEEP Key

The SWEEP key serves for configuring the sweep mode and opens the SWEEP
softkey menu. In split-screen mode, the entries made are valid for the active window
only.

The CONTINUOUS SWEEP, SINGLE SWEEP and SGL SWEEP DISP OFF soft-
keys are mutually exclusive selection keys.

SWEEP
CONTINUOUS SWEEP

SINGLE SWEEP

CONTINUE SGL SWEEP

SWEEPTIME MANUAL

SWEEPTIME AUTO

SWEEP COUNT

SWEEP POINTS

SGL SWEEP DISP OFF

CONTINUOUS The CONTINUOUS SWEEP softkey activates the continuous sweep mode, which
SWEEP means that the sweep takes place continuously according to the trigger mode set.

When working in the split-screen mode and with different settings in the two win-
dows, screen A is swept first, followed by screen B. When the softkey is pressed,
the sweep is restarted.

CONTINUQOUS SWEEP is the default setting of R&S FSU.

Remote command: INIT:CONT ON
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SINGLE The SINGLE SWEEP softkey starts n sweeps after triggering. The number of
SWEEP sweeps is determined by the SWEEP COUNT softkey.

When working in the split-screen mode, the frequency ranges of the two windows
are swept one after the other.

If a trace is swept using TRACE AVERAGE or MAXHOLD, the value set via the
SWEEP COUNT softkey determines the number of sweeps. If 0 has been entered,
one sweep is performed.

Remote command: INIT:CONT OFF

CONTINUE The CONTINUE SGL SWEEP softkey repeats the number of sweeps set under
SGL SWEEP SWEEP COUNT, however without first deleting the trace.

This is particularly of interest when using the functions TRACE AVERAGE and
MAXHOLD, if previously recorded measurement results are to be taken into consid-
eration for averaging / maximum search.

If SGL SWEEP DISP OFF is active, the screen is switched off also during repeated
sweeps.

Remote command: INIT:CONM

SWEEPTIME The SWEEPTIME MANUAL softkey activates the window for entering the sweep
MANUAL time manually (see also BW menu).

Remote command: SWE:TIME 10s

SWEEPTIME The SWEEPTIME AUTO softkey activates the automatic selection of the sweep time

AUTO as a function of the bandwidth of the resolution and video filters (see also BW
menu).
Remote command: SWE : TIME : AUTO ON
SWEEP The SWEEP COUNT softkey activates the window for the entry of the number of
COUNT sweeps to be performed by R&S FSU after a single sweep has been started. If

Trace Average, Max Hold or Min Hold is activated, this also determines the number
of averaging or maximum search procedures.

Example

[TRACE1: MAX HOLD]
[SWEEP: SWEEP COUNT: {10} ENTER]
[SINGLE SWEEP]

R&S FSU performs the Max Hold function over 10 sweeps.

The permissible range for the sweep count is 0 to 32767. For sweep count =0 or 1,
one sweep is performed. For trace averaging in the continuous-sweep mode,
R&S FSU performs running averaging over 10 sweeps if sweep count = 0; if sweep
count = 1, no averaging, maxhold or minhold is performed.

The sweep count is valid for all the traces in a diagram.
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The number of sweeps set in the TRACE menu is the same as that in the SWEEP
menu.

If SINGLE SWEEP is selected, the measurement stops after the selected number
of sweeps has been performed.

Remote command: SWE : COUN 64
SWEEP The SWEEP POINTS softkey selects the number of measurement samples
POINTS acquired during a sweep.

The following numbers of points per sweep are available: 155, 201, 301, 313, 401,
501, 601, 625 (default), 701, ..., 30001

An increment of 100 is possible for number of points > 201.

Additionally 1251 and 1999 points are available.

The autopeak detector will be disabled while the number of points per sweep is #
625.

Remote command: SWE:POIN 501

SGL SWEEP The SGL SWEEP DISP OFF softkey deactivates the display while a single sweep is
DISP OFF being performed. Once the sweep has been completed, the trace is shown.

Remote command: INIT:DISP OFF

4.5.6 Triggering the Sweep — TRIG Key

The TRIG key opens a menu for selection of the various trigger sources, trigger
polarity and external gate function. The active trigger mode is indicated by highlight-
ing the corresponding softkey.

For video trigger, a trigger threshold can be entered, which is represented in the dia-
gram as a horizontal line.

To indicate that a trigger mode other than FREE RUN has been set, the enhance-
ment label TRG is displayed on the screen. If two windows are displayed, TRG
appears next to the appropriate window.
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TRIG FREE RUN
VIDEO
EXTERN
IF POWER
TRIGGER OFFSET
POLARITY POS | NEG
GATED TRIGGER
GATE SETTINGS ¢ GATE MODE LEVEL | EDGE
POLARITY POS | NEG
GATE DELAY
GATE LENGTH
SWEEPTIME
Side menu
DELAY COMP
ON | OFF
FREE RUN The FREE RUN softkey activates the free-run sweep mode, i.e. start of a sweep is
not triggered. Once a measurement is completed, another is started immediately.
FREE RUN is the default setting of R&S FSU.
Remote command: TRIG:SOUR IMM
VIDEO The VIDEO softkey activates triggering through the displayed voltage.

For the video triggering mode, a horizontal trigger line is shown in the diagram. It
may be used to set the trigger threshold between 0% and 100% of the overall dia-
gram height.

Remote command: TRIG:SOUR VID
TRIG:LEV:VID 50 PCT
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EXTERN The EXTERN softkey activates triggering via a TTL signal at the input connector
EXT TRIGGER/GATE on the rear panel.

The external trigger level can be adjusted in the range from 0.5 V to 3.5 V. The
default value is 1.4 V.

Remote command: TRIG:SOUR EXT <numeric value>
SWE:EGAT: SOUR EXT
TRIG:SEQ:LEV:EXT

IF POWER The IF POWER softkey activates triggering of the measurement via signals which
are outside the measurement channel.

For this purpose, the R&S FSU uses a level detector at the second intermediate fre-
quency. The detector threshold can be selected 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 < InputSignal < MixerLevel , + RFAtt—PreampGain

The bandwidth at the intermediate frequency is 50 MHz. The R&S FSU is triggered
as soon as the trigger threshold is exceeded within a 25 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 when the carrier lies outside the selected frequency span.

Remote command: TRIG:SOUR IFP
SWE:EGAT:SOUR IFP

TRIGGER The TRIGGER OFFSET softkey activates the window for entering the time offset
OFFSET between the trigger signal and the start of the sweep.

Triggering is delayed by the entered time with respect to the trigger signal (time
entered > 0) or is started earlier (time entered < 0). The time may be entered in mul-
tiples of 125 ns in the range -100 s to 100 s (default 0 s).

A negative offset (pretrigger) can be set in the time domain only (SPAN = 0 Hz)
provided GATED TRIGGER is not active in that domain.

The maximum allowed range and the maximum resolution of the pretrigger is lim-
ited by the set sweep time:

max. range = - 499/500 x sweep time

max. resolution = sweep time/500.

Pretriggering is not possible when the rms or the average detector is activated

As a common input signal is used for both trigger and gate when selecting EXTERN
and IF POWER, changes to the gate delay will affect the trigger delay (TRIGGER
OFFSET) as well.

Remote command: TRIG:HOLD 10US
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POLARITY The POLARITY POS/NEG softkey selects the polarity of the trigger source.

POS | NEG The sweep 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, in the
gate mode, it also applies to the gate polarity.

The default setting is POLARITY POS.

Remote command: TRIG:SLOP POS

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 super-
position of frequency components generated during switching. Similarly, the spec-
trum can also be examined for an inactive carrier. The sweep can be controlled by
an external gate or by the internal power trigger.

<§§> REU 30 kHz
UBW 300 kHz FREE RUM
Fef @ dBm Att 20 dB SHT 5@ ns
1]
" UIDED
-0
EXTERH
-0
IF POUER
-0
- TRIGGER
OFFSET
50 POLARITY
POS | HEG
-7 -
- ——
| ch GATED
TRIGGER
-19@ -
Center 802 MHz 36@ kHz/ Span 3.6 MHz GATE
SPECTRUH | SCREEN B | SETTIHGS®

Fig. 4.3 Pulsed signal GATE OFF
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<§§> REW 3@ kHz
UBH 388 kHz FREE RUN
Ref @ dBn Att 20 dB SUT 5@ ns
o]
10 UIDED
|-z0
EXTERH
IF POUER
| . TRIGGER
OFFSET
|-c0
POLARITY
POS  HEG
__?3 ————
L-50
90 GATED
TRIGGER
-100 -
Center 882 MHz 36@ kHz, Span 3.6 IHz GATE
SPECTRUH | SCREEN B | SETTINGS®

Fig. 4.4 TDMA signal with GATE ON

The gated-sweep mode is activated by the GATED TRIGGER softkey. The setting of
the mode takes place in the GATE SETTINGS submenu.

GATED The GATED TRIGGER softkey switches the sweep mode with gate on and off.

TRIGGER When 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
R&S FSU. This selection is made via the EXTERN and IF POWER softkeys for trig-
ger and gate.

The length of the gate signal defines when the sweep is to be interrupted. Here a dif-
ferentiation is made between edge-triggered and level-triggered modes: in case of
edge triggering the gate length can be set via the GATE LENGTH softkey, while in
case of level triggering the gate length depends on the length of the gate signal.

Gate Mode LEVEL Gate Mode EDGE

RF — I
Ext. Gate 4| |

Delay Delay Length

Fig. 4.5 Timing diagram for GATE, GATE DELAY and GATE LENGTH

This softkey requires the EXTERN or IF POWER trigger mode. If a different mode is
active, IF POWER is automatically selected.

Gated-sweep operation is also possible in the time domain. This enables - e.g. in
burst signals - level variations of individual slots to be displayed versus time.

4.36 Operating Manual 1166.1725.12 - 08



R&S FSU Instrument Functions

_________________________________________________________________________________________________________________________________________________|
Analyzer Mode

To indicate that a gate is used for the sweep, the enhancement label GAT is dis-
played on the screen. This label appears to the right of the window for which the
gate is configured.

Remote command: SWE:EGAT ON
SWE:EGAT:SOUR IFP
or:

SWE:EGAT:SOUR EXT

GATE
SETTINGS GATE MODE LEVEL | EDGE

POLARITY POS | NEG

GATE DELAY

GATE LENGTH

SWEEPTIME

The GATE SETTINGS softkey calls a submenu for making all the settings required
for gated-sweep operation.

At the same time, a transition is made to the time domain (span = 0) and the time
parameters GATE DELAY and GATE LENGTH are represented as vertical lines.
This allows the required gate time parameters to be set easily.

For highly accurate setting of gate delay and gate length, the x-axis can be altered
using the SWEEPTIME softkey in a way that the signal range concerned (e.g. one
full burst) is displayed.

Then the sampling time and duration can be set by GATE DELAY and GATE
LENGTH in a way that the desired portion of the signal is shown.

When quitting the submenu, the program will return to the frequency domain pro-
vided it was active before. The original span is restored so the desired measurement
can now be performed with the accurately set gate.

Remote command: -—

GATE MODE The GATE MODE LEVEL/EDGE softkey selects the trigger mode. Gated sweep is
LEVEL | EDGE possible in the level-triggered as well as in the edge-triggered mode.

If level triggering is selected, the GATE LENGTH softkey becomes inactive and can-
not be operated.

Remote command: SWE:EGAT:TYPE EDGE

POLARITY The POLARITY POS/NEG softkey controls the polarity of the EXT TRIGGER/GATE
POS |NEG control line.

In case of level triggering the sweep is stopped by POLARITY POS and a logic '0’
signal; the signal ’1’ will restart the sweep after the GATE DELAY time has elapsed.

In case of edge triggering the sweep is continued on a ‘0" to 1" transition for the
duration of GATE LENGTH after a delay (GATE DELAY) has elapsed.

Changing the polarity automatically implies a transition of the trigger-edge polarity
(POLARITY softkey in the higher menu).

Remote command: SWE:EGAT:POL POS
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The GATE DELAY softkey activates the window for setting the delay time between
the gate signal and the continuation of the sweep.

This may be useful for taking into account a delay between the gate signal and the
stabilization of an RF carrier for example.

As gate delay, values between 125 ns and 100 s may be set. The position of the
delay on the time axis in relation to the sweep is indicated by the line labelled GD.

As there is a common input signal for trigger and gate if EXTERN or IF POWER is
selected, changes to the gate delay will affect the trigger delay (TRIGGER OFFSET)
as well.

Remote command: SWE:EGAT:HOLD 1US

The GATE LENGTH softkey activates the window for setting the sweep duration of
R&S FSU in the edge-triggered mode.

Values between 125 ns and 100 s may be set for the gate length. The length of the
gate in relation to the sweep is indicated by the line labelled GL.

This softkey is only available if GATE MODE EDGE (edge triggering) has been
selected.

Remote command: SWE:EGAT:LENG 100US

The SWEEPTIME softkey enables the user to change the time axis to obtain a
higher resolution for positioning gate delay and gate length.

When this is to be done, the sweep time temporarily changes; the original value is
restored when the menu is quit.

Remote command: -—

Measurement example

The modulation spectrum of a GSM 900 signal is to be measured using the gated-
sweep function. The signal is generated by a Signal Generator whose RF output is
directly connected to the RF input of R&S FSU.

Settings on the Signal Generator:

FREQ: 802 MHz

Level: 0 dBm: Return

Digital Mod: Select: GMSK: Select
Source: Select: PRBS: Select: Return

Level Attenuation: Select: 60 dB: Return

The Signal Generator supplies a GMSK-modulated TDMA signal (GSM).

4.38
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Settings on R&S FSU:

Conventions:

[KEY] Menu called by this key. All information between the brackets
refers to this menu.

{Number} Numeric value to be entered for the parameter on hand.

SOFTKEY Softkey to be used for making a selection or entering a value.

[PRESET]

[FREQ: CENTER {802} MHz]

[SPAN {3.6} MHz]

[AMPT: REF LEVEL {0} dBm: RF ATTEN MANUAL: {10} dB]

[BW: RES BW MANUAL: {30} kHz]

[TRACE: TRACE 1 DETECTOR: RMS]

[SWEEP: SWEEPTIME MANUAL: {50} ms]

[TRIG: EXTERN

GATED TRIGGER;

GATE SETTINGS: GATE MODE EDGE; POLARITY POS
SWEEPTIME MANUAL {1} ms: GATE DELAY {300} ps:
GATE LENGTH: {250} ps]

The following figure shows the screen display for setting gate parameters. The verti-
cal lines for gate delay (GD) and gate length (GL) can be adjusted to the burst signal
by entering numeric values or by means of the rotary knob.

REW 3@ kHz
<§§> UEW 308 kHz (HiE e
Ref @ dBn Att 2@ o8 SNT 1 ns LEUEL EDGE
"
POLARITY
1 POS | HEG
o0 EATE
DELAY
GATE
a LEHETH
[0 zoon
R-ARIS
__?3 —
a0
- BL
D
-109
Center 882 MHz 1808 pzr
SPECTRUH | SCREEN B |

Fig. 4.6 Setting GATE DELAY and GATE LENGTH in time domain by means of lines GD and GL
On quitting the GATE SETTINGS menu, R&S FSU returns to the previous screen.
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DELAY COMP The DELAY COMP ON/OFF softkey enables the filter group delay compensation for

ON | OFF the external trigger and IF power trigger. If a bursted signal is analyzed in zero span
and the delay compensation is on, a change of the RBW will not change the rising
slope of the signal.

Default is OFF.

Remote command: TRIG:HOLD:ADJ:AUTO ON|OFF

4.5.7 Selection and Setting of Traces — TRACE Key

The R&S FSU is capable of displaying up to three different traces at a time in a dia-
gram. A trace consists of a maximum of 625 pixels on the horizontal axis (frequency
or time). If more measured values than pixels are available, several measured val-
ues 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 comple-
tion 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), averaged over several measurements
(AVERAGE mode), or a maximum or minimum value can be determined from sev-
eral measurements and displayed (MAX HOLD or MIN HOLD).

Individual detectors can be selected for the various traces. The autopeak detector
displays maximum and minimum values connected by a vertical line. The max peak
detector and min peak detector display the maximum and minimum value of the
level within a pixel. The sample detector displays the instantaneous value of the
level at a pixel. The rms detector displays the power (rms value) of the measured
values within a pixel, the average detector the average value.

4.5.8 Selection of Trace Functions

The trace functions are subdivided as follows:

+ Display mode of trace (CLEAR/WRITE, VIEW and BLANK)

« Evaluation of the trace as a whole (AVERAGE, MAX HOLD and MIN HOLD)
« Evaluation of individual pixels of a trace using detectors

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 measure-
ment, each trace can be displayed either completely new or based on the previous
results.

Traces can be displayed, blanked and copied. Traces can also be corrected with the
aid of mathematical functions.

The measurement detector for the individual display modes can be selected directly
by the user or set automatically by R&S FSU.

The default setting is trace 1 in the overwrite mode (CLEAR / WRITE), the other
traces 2 and 3 are switched off (BLANK).

The CLEAR/WRITE, MAX HOLD, MIN HOLD, AVERAGE, VIEW and BLANK soft-
keys are mutually exclusive selection keys.
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TRACE
SELECT TRACE
CLEAR/WRITE
MAX HOLD
AVERAGE
VIEW
BLANK
SWEEP COUNT
DETECTOR & AUTO SELECT
DETECTOR AUTO PEAK
DETECTOR MAX PEAK
DETECTOR MIN PEAK
DETECTOR SAMPLE
DETECTOR RMS
DETECTOR AVERAGE
DETECTOR QPK
DETECTOR CISPR RMS
DETECTOR CISPR AV
TRACE MATH ¢ T1-T2->T1 | T1-T3->T1
TRACE POSITION
TRACE MATH OFF
Side menu
MIN HOLD
HOLD CONT ON | OFF
AVG MODE
ASCII FILE EXPORT
DECIM SEP
COPY TRACE
SELECT The SELECT TRACE softkey activates the entry for the active trace (1, 2, 3).
TRACE
Remote command: -- (selected via numeric suffix of: TRACe)

CLEAR/WRITE The CLEAR/WRITE softkey activates the overwrite mode for the collected mea-
sured values, i.e. the trace is overwritten by each sweep.

In the CLEAR/WRITE display mode all the available detectors can be selected. In
the default mode the autopeak detector (setting AUTO) is selected.

Each time the CLEAR/WRITE softkey is actuated, R&S FSU clears the selected
trace memory and starts the measurement anew.

Remote command: DISP:WIND:TRAC:MODE WRIT
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MAX HOLD The MAX HOLD softkey activates the max peak detector.

The R&S FSU 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 MAX PEAK. The maximum value of a signal can
thus be determined over several sweeps.

This is especially useful with modulated or impulsive signals. The signal spectrum is
filled up upon each sweep until all signal components are detected in a kind of enve-
lope.

Pressing the MAX HOLD softkey again clears the trace memory and restarts the
max hold mode.

Remote command: DISP:WIND:TRAC:MODE MAXH

AVERAGE The AVERAGE softkey activates the trace averaging function. The average is
formed over several sweeps. Averaging can be performed with any of the detectors
available. If the detector is automatically selected by R&S FSU, the sample detector
is used.

Depending on the setting of AVG MODE, the logarithmic level values or the mea-
sured power/voltage values are averaged.

Averaging is restarted every time the AVERAGE softkey is pressed. The trace mem-
ory is always cleared.

Remote command: DISP:WIND:TRAC:MODE AVER

Description of averaging

Averaging is carried out over the pixels derived from the measurement samples.
Several measured values may be combined in a pixel. This means that with linear
level display the average is formed over linear amplitude values and with logarithmic
level display over levels. For this reason the trace must be measured again when
changing between LIN and LOG display mode. The settings CONT/SINGLE
SWEEP and running averaging apply to the average display analogously.

There are two methods for calculating the average. For a sweep count = 0, a run-
ning average is calculated according to the following formula:

TRACE = 9. TRACE :-OMeasValue

Due to the weighting between the new measured value and the trace average, 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.

If the sweep count is >1, averaging takes place over the selected number of
sweeps. In this case the displayed trace is determined during averaging according
to the following formula:

n-1
Z (T,) + MeasValue,

i=1

1
Trace, = =
n
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where n is the number of the current sweep (n =2 ... SWEEP COUNT). No averag-
ing is carried out for the first sweep but the measured value is stored in the trace
memory. With increasing n, the displayed trace is increasingly smoothed since there
are more single sweeps for averaging.

After the selected number of sweeps the average trace is saved in the trace mem-
ory. Until this number of sweeps is reached, a preliminary average is displayed.

After completion of averaging, i.e. when the averaging length defined by SWEEP
COUNT is attained, a running averaging is continued with CONTINUOUS SWEEP
according to the following formula:

(N—1)- Trace 4 + MeasValue

Trace = N
where
Trace = new trace
Traceglg = old trace
N = SWEEP COUNT

The display "Sweep N of N" does not change any more until a new start is triggered.

In the SINGLE SWEEP mode, the number of sweeps is triggered with SWEEP
START. The sweeps are stopped when the selected number of sweeps is attained.
The number of the current sweep and the total number of sweeps are shown on the
display: "Sweep 3 of 200".

VIEW The VIEW softkey freezes the current contents of the trace memory and displays it.

If a trace is frozen by VIEW, the instrument settings can be changed without the dis-
played trace being modified (exception: level display range and reference level, see
below). The fact that the trace and the current instrument setting do not agree any
more is indicated by an enhancement label "*" at the right edge of the grid.

If in the VIEW display mode the level display range (RANGE) or the reference level
(REF LEVEL) are changed, R&S FSU 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.

Remote command: DISP:WIND:TRAC:MODE VIEW
BLANK The BLANK softkey activates the blanking of the trace on the screen.
Remote command: DISP:WIND:TRAC OFF
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SWEEP The SWEEP COUNT softkey activates the entry of the number of sweeps used for
COUNT averaging. The allowed range of values is 0 to 30000 and the following should be
observed:

+  Sweep Count = 0 means running averaging
»  Sweep Count = 1 means no averaging, maxhold or minhold is carried out

+ Sweep Count > 1 means 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 running averaging.

The default setting is running averaging (Sweep Count = 0). The number of sweeps
used for averaging is the same for all active traces in the selected diagram.

The setting of the sweep count in the TRACE menu is equivalent to the setting in
the SWEEP menu.

Remote command: SWE:COUN 64
DETECTOR See following section “Selection of Detector” on page 4.48.
TRACE MATH See following section “Mathematical Functions for Traces” on page 4.53.

MIN HOLD The MIN HOLD softkey activates the min peak detector. R&S FSU saves for each
sweep the smallest of the previously stored/currently measured values in the trace
memory. The detector is automatically set to MIN PEAK. In this way, the minimum
value of a signal can be determined over several sweeps.

This function is useful e.g. for making an unmodulated carrier in a composite signal
visible. Noise, interference signals or modulated signals are suppressed by the min
hold function whereas a CW signal is recognized by its constant level.

Pressing the MIN HOLD softkey again clears the trace memory and restarts the min
hold function.

Remote command: DISP:WIND:TRAC:MODE MINH

HOLD CONT The HOLD CONT ON/OFFsoftkey defines whether the traces in min hold and max
ON | OFF hold mode are reset after some specific parameter changes.

+ OFF: The traces are reset after some definite parameter changes (default)
* ON: This mechanism is switched off.

In general, parameter changes require a restart of the measurement before results
are evaluated (e.g. with markers). For those changes that are known to require a
new measurement (e.g. modification of the span), the trace is automatically reset so
that erroneous evaluations of previous results are avoided.

This mechanism can be switched off for those exceptional cases where the
described behavior is unwelcome.

Remote command: :DISP:WIND:TRAC:MODE:HCON ON|OFF
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AVG MODE The AVG MODE softkey selects logarithmic or linear averaging for the logarithmic
level display mode.

At the same time the difference calculation is switched between linear and logarith-
mic in submenu TRACE MATH.

Remote command: CALC:MATH:MODE LIN|LOG|POWER

With logarithmic averaging, the dB values of the display voltage are averaged or
substracted from each other with trace mathematical functions. With linear averag-
ing the level values in dB are converted into linear voltages or powers prior to aver-
aging. Voltage or power values are averaged or offset against each other and
reconverted into level values.

For stationary signals the two methods yield the same result.

Logarithmic averaging is recommended if sinewave signals are to be clearly visible
against noise since with this type of averaging noise suppression is improved while
the sinewave signals remain unchanged.

For noise or pseudo-noise signals the positive peak amplitudes are decreased in
logarithmic averaging due the characteristic involved and the negative peak values
are increased relative to the average value. If the distorted amplitude distribution is
averaged, a value is obtained that is smaller than the actual average value. The dif-
ference is -2.5 dB.

Amplitude

Amplitude distribution
fwithout averaging)

Amplitude distribution
{after averaging)

Frobability distribution

This low average value is usually corrected in noise power measurements by a 2.5
dB factor. Therefore the R&S FSU offers the selection of linear averaging. The trace
data are delogarithmized prior to averaging, then averaged and logarithmized again
for display on the screen. The average value is always correctly displayed irrespec-
tive of the signal characteristic.

Following selections are available:

LOG logarithmic averaging

LIN linear averaging (delogarithmization depends on
selected unit).

For units VOLT and AMPERE the level values are con-
verted into linear voltages prior to averaging.

POWER linear averaging (delogarithmization to power for all
units)
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For correct power averaging with units VOLT or AMPERE, selection POWER has

to be used.
ASCII FILE The ASCII FILE EXPORT softkey stores the active trace in ASCII format, e.g. on a
EXPORT memory stick or a floppy disk.

Remote command: FORM ASC;

MMEM: STOR:TRAC 1, 'TRACE.DAT'
The file consists of the header containing important scaling parameters 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 starts with the key word " 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.

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

Different language versions of evaluation programs may require a different han-
dling of the decimal point. It is therefore possible to select between separators "'
(decimal point) and ', (comma) using the DECIM SEP softkey.
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File contents

Description

Type; R&S FSU<model>;

Instrument model

Version;1.00;

Firmware version

Date;01.Jul 2005;

Date of data set storage

Mode;Spectrum;

Instrument mode

Center Freq;55000;Hz

Center frequency

Freq Offset;0;Hz

Frequency offset

Span;90000;Hz

Frequency range (0 Hz with 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;SAMPLE;

Detector set:
AUTOPEAK,MAXPEAK,MINPEAK,AVERAGE,
RMS,SAMPLE

Sweep Count;20;

Number of sweeps set
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Example - data section of the file

File contents 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/Q depending on the selected unit with y axis LOG or % with
y-axis LIN

Values; 625; Number of measurement points

10000;-10.3;-15.7 Measured values:

10180;-11.5;-16.9 <x value>, <y1>, <y2>

10360;-12.0;-17.4 <y2> being available only with detector AUTOPEAK and containing

in this case the smallest of the two measured values for a test point.

DECIM SEP The DECIM SEP softkey selects the decimal separator between "' (decimal point)
and',' (comma) with floating-point numerals for the ASCII FILE EXPORT function.

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

Remote command: FORM:DEXP:DSEP POIN

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 is overwritten and the new con-
tents displayed in view mode.

Remote command: TRAC:COPY TRACE1l, TRACE?2

4.5.8.1 Selection of Detector

The detectors of the R&S FSU are implemented as pure digital devices. The following
detectors are available:

* “Peak detectors (MAX PEAK and MIN PEAK)” on page 4.49
» “Auto peak detector” on page 4.49

+ “Sample detector” on page 4.49

* “RMS detector” on page 4.49

» “Average detector” on page 4.50

* “Quasipeak detector” on page 4.50

+ “CISPR RMS detector” on page 4.50

* “CISPR average detector” on page 4.50
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The peak detectors compare the current level value with the maximum or minimum
level from the previously sampled data. When the number of samples defined by the
instrument setting is reached, the samples are combined in the displayed pixels.
Each of the 625 pixels of the display thus represents 1/625 of the sweep range and
contains all single measurements (frequency samples) in this subrange in com-
pressed form. For each trace display mode an optimized detector is selected auto-
matically. Since peak detectors and sample detector are connected in parallel, a
single sweep is sufficient for collecting all detector values for 3 traces.

Peak detectors (MAX PEAK and MIN PEAK)

Peak detectors are implemented by digital comparators. They determine the largest
of all positive (max peak) or the smallest of all negative (min peak) peak values of
the levels measured at the individual frequencies which are displayed in one of the
625 pixels. This procedure is repeated for each pixel so that for wide frequency
spans and despite the limited resolution of the display a large number of measure-
ments can be taken into consideration for the display of the spectrum.

Auto peak detector

The AUTOPEAK detector combines the two peak detectors. The max peak detector
and the min peak detector simultaneously determine the maximum and the mini-
mum level within a displayed test point and display it as a single measured value.
The maximum and minimum levels within a frequency point are connected by a ver-
tical line.

Sample detector

The SAMPLE detector routes through the sampled data without any further evalua-
tion and either displays them directly or, for reasons of speed in case of short sweep
times, first writes them into a memory and processes them subsequently.

There is no data reduction, i.e. no summing up of measured values of neighboring
frequencies or time samples. If during a frequency sweep more measured values
are obtained than can be displayed, measured values will be lost. This means that
discrete signals might be lost.

The sample detector therefore can only be recommended for a span-to-resolution
bandwidth ratio of up to approx. 250 in order to ensure that no signal will be sup-
pressed (example: span 1 MHz, -> min. bandwidth 5 kHz).

RMS detector

The RMS detector forms the rms value of the measured values within a pixel.

To this effect, R&S FSU uses the linear voltage after envelope detection. The sam-
pled linear values are squared, summed and the sum is divided by the number of
samples (= root mean square). For logarithmic display the logarithm is formed from
the square sum. For linear display the root mean square value is displayed. Each
pixel thus corresponds to the power of the measured values summed up in the pixel.

The RMS detector supplies the power of the signal irrespective of the waveform
(CW carrier, modulated carrier, white noise or impulsive signal). Correction factors
as needed for other detectors for measuring the power of the different signal classes
are not required.
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Average detector

The average detector forms the average value of the measured values within a
pixel.

To this effect, R&S FSU uses the linear voltage after envelope detection. The sam-
pled linear values are summed up and the sum is divided by the number of samples
(= linear average value). For logarithmic display the logarithm is formed from the
average value. For linear display the average value is displayed. Each pixel thus
corresponds to the average of the measured values summed up in the pixel.

The average detector supplies the average value of the signal irrespective of the
waveform (CW carrier, modulated carrier, white noise or impulsive signal).

Quasipeak detector

The quasipeak detector resembles the behavior of an analog voltmeter by evaluat-
ing the measured values in a pixel.

The quasipeak detector is especially designed for the requirements of EMC mea-
surements and is used for evaluating pulse-shaped spurious.

During a frequency sweep, R&S FSU increments the 1st local oscillator in steps
that are smaller than approximately 1/10 of the bandwidth. This is to ensure that
the signal level is correctly measured. For narrow bandwidths and wide frequency
spans a very large number of measured values is thus obtained. The number of
frequency steps, however, always is a multiple of 625 (= number of pixels that can
be displayed). With the sample detector selected, only every nth value is dis-
played. The value of n depends on the number of measured values, i.e. on the fre-
quency span, the resolution bandwidth and the measurement rate.

CISPR RMS detector

The CISPR RMS average detector supplies a weighted reading of the input signal.
When measuring the RMS-average according to the proposed amendment of
CISPR 16-1-1 (CISPR/A/628/CD), the maximum value of the RMS-average during
the measurement time is displayed. The detector is used, for example, to measure
pulsed sinusoidal signals with a low pulse repetition frequency. It is calibrated with
the RMS value of an unmodulated sinusoidal signal. Averaging is with lowpass fil-
ters of the 2nd order (simulation of a mechanical instrument).

CISPR average detector

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 dur-
ing the measurement time is displayed. The detector is used, for example, to mea-
sure pulsed sinusoidal signals with a low pulse repetition frequency. It is calibrated
with the rms value of an unmodulated sinusoidal signal. Averaging is with lowpass
filters of the 2nd order (simulation of a mechanical instrument).

DETECTOR
AUTO SELECT

DETECTOR AUTO PEAK
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DETECTOR MAX PEAK

DETECTOR MIN PEAK

DETECTOR SAMPLE

DETECTOR RMS

DETECTOR AVERAGE

DETECTOR QPK

DETECTOR CISPR RMS

DETECTOR CISPR AV

The DETECTOR softkey opens a submenu for selecting the detector for the selected
trace. The softkey is highlighted if the detector is not selected with AUTO SELECT.

The detector can be selected independently for each trace. The AUTO SELECT
mode selects the optimum detector for each display mode of the trace (Clear/Write,
Max Hold or Min Hold).

The softkeys for the detectors are mutually exclusive selection keys.
AUTO SELECT The AUTO SELECT softkey (= default setting) selects the optimum detector for the

set display mode of the trace (Clear/Write, Max Hold and Min Hold) and the selected
filter mode (bandpass/FFT).

Trace display Detector (bandpass) Detector (FFT)
Clear/Write Auto Peak Max Peak
Average Sample Sample

Max Hold Max Peak Max Peak

Min Hold Min Peak Max Peak

The detector activated for the specific trace is identified in the respective trace dis-
play field as follows:

Detector

Auto Peak AP

Max Peak PK

Min Peak Mi

Average AV

RMS RM

Sample SA

Quasipeak QP

Remote command: DET:AUTO ON

DETECTOR The DETECTOR AUTOPEAK softkey activates the autopeak detector.

AUTO PEAK
Remote command: DET APE

DETECTOR The DETECTOR MAX PEAK softkey activates the max peak detector. It is recom-
MAX PEAK  mended for measurement of impulsive signals.

Remote command: DET POS
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DETECTOR The DETECTOR MIN PEAK softkey activates the min peak detector. Weak sine-
MIN PEAK  wave signals become clearly visible in noise using this detector. In case of a com-
posite signal made up of sinewave and impulsive signals, the impulsive signals are

suppressed.

Remote command: DET NEG

DETECTOR The DETECTOR SAMPLE softkey activates the sample detector.

SAMPLE It is used for measuring uncorrelated signals such as noise. The power can be

determined with the aid of fixed correction factors for evaluation and the logarithmic
function.

Remote command: DET SAMP

DETECTOR The DETECTOR RMS softkey activates the rms detector.

RMS The rms detector supplies the power of the signal independent of the waveform. For

this effect the root mean square of all sampled level values is formed during the
sweep of a pixel. The sweep time thus determines the number of averaged values
and with increasing sweep time better averaging is obtained. The rms detector is
thus an alternative for averaging over several sweeps (see TRACE AVERAGE).

Since the video bandwidth must be at least 10 times the resolution bandwidth
(RBW) to ensure that video filtering does not invalidate the rms values of the signal,
this ratio is set automatically upon activating the detector.

Remote command: DET RMS

DETECTOR The DETECTOR AVERAGE softkey activates the average detector.

AVERAGE In contrast to the rms detector, the average detector supplies the linear average of

all sampled level values during the sweep of a pixel.

The same relations as for the rms detector apply (see above).

Remote command: DET AVER

DETECTOR The DETECTOR QPK softkey activates the quasipeak detector.

QPK This detector evaluates the sampled level values during the sweep of a pixel like an

analog voltmeter.

On switching the quasipeak detector on the video bandwidth is automatically set to
10*RBW so as to exclude the influence of the video filter on the signal evaluation.

Remote command: DET QPE

DETECTOR The DETECTOR CISPR RMS softkey activates the CISPR rms detector.

CISPR RMS
Remote command: DET CRMS
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DETECTOR The DETECTOR CISPR AV softkey activates the CISPR average detector.

CISPR AV
Remote command: DET CAV

The DETECTOR CISPR RMS and DETECTOR CISPR AV softkeys are only avail-
able in zero span mode. The bandwidth is limited to the values 200 Hz, 9 kHz,
120 kHz and 1 MHz. In order to use the normal bandwidths again, the detector
must be changed, e.g. using AUTO SELECT.

4.5.8.2 Mathematical Functions for Traces

TRACE MATH The TRACE MATH softkey opens a submenu in which the difference between the
selected trace to trace 1 is calculated. The softkey is highlighted if a math function is
activated.

T1-T2->T1 |
T1-T3->T1

TRACE POSITION

TRACE MATH OFF

T1-T2->T1| The T1-T2 and T71-T3 softkeys subtract the corresponding traces. The result dis-
T1-T3->T1  played is referred to the zero point defined by TRACE POSITION.

To indicate that the trace has been obtained by subtraction, the difference "1 - 2" or
"1 - 3" is indicated on the trace info of trace 1 and in the TRACE main menu the
TRACE MATH softkey is highlighted.

Remote command: CALC:MATH (TRACE1-TRACEZ2)
CALC:MATH (TRACE1-TRACE3)

TRACE The TRACE POSITION softkey activates the entry of the trace position for 0 differ-
POSITION ence. The position is stated in % of the diagram height.

The range of values extends from -100% to +200%

Remote command: CALC:MATH:POS 50PCT

TRACE MATH The TRACE MATH OFF softkey switches the math function off.

OFF
Remote command: CALC:MATH:STAT OFF

4.5.9 Recording the Correction Data — CAL Key

The R&S FSU obtains its high measurement accuracy through its inbuilt self-align-
ment method.

The correction data and characteristics required for the alignment are determined by
comparison of the results at different settings with the known characteristics of the
high-precision calibration signal source of R&S FSU at 128 MHz. The correction
data are then available in the instrument as a file and can be displayed by means of
the CAL RESULTS softkey.
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For service purposes the use of correction data can be deactivated by means of the
CAL CORR ON/OFF softkey. If the correction data recording is aborted, the last
complete correction data set is restored.

The term "Calibration" formerly used for the integrated self alignment was often
mistaken for the "true" calibration of the instrument at the test set in production and
in service. It is therefore no longer used although it appears in the abbreviated
form in the name of keys ("CAL...").

The CAL key opens a menu with the available functions for recording, displaying
and activating the data for self alignment.

CAL
CAL TOTAL

CAL ABORT

CAL CORR ON | OFF

YIG CORR ON/OFF

CAL RESULTS

PAGE UP |
PAGE DOWN

CAL TOTAL The CAL TOTAL softkey starts the recording of correction data of the instrument.

If the correction data recording has failed or if the correction values are deactivated
(CAL CORR = OFF softkey), UNCAL is displayed in the status field.

Remote command: *CAL?

CAL ABORT The CAL ABORT softkey interrupts the recording of correction data and restores the
last complete correction data set.

Remote command: CAL:ABOR

CAL CORR The CAL CORR ON/OFF softkey switches the calibration data on/off.
ON | OFF * ON: The status message depends upon the results of the total calibration.

* OFF: The message UNCAL appears in the status line.

Remote command: CAL:STAT ON
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YIG CORR ON/ The YIG CORR ON/OFF softkey switches on or off the automatic, cyclic correction
OFF of the temperature-dependent frequency drift of the YIG filter.

The YIG CORR ON/OFF softkey is available only on models with a frequency
range > 3 GHz and <40 GHz.

When switched to ON (default setting), it is checked once per minute whether a fre-
quency correction for the YIG filter is required. Frequency correction is performed if
the temperature has changed by more than 5K relative to the last instance of correc-
tion.

If the instrument is operated in a temperature-controlled environment, the cyclic
frequency drift correction can — for time-critical applications — be switched off after
an operating period of > 30 minutes.

Remote command: CORR:YIG:TEMP:AUTO ON | OFF

CAL RESULTS The CAL RESULTS softkey calls the CALIBRATION RESULTS table, which shows
the correction data found during calibration.

The CALIBRATION RESULTS table contains the following information:
— date and time of last record of correction values

— overall results of correction value record

— list of found correction values according to function/module

The results have the following meaning:

PASSED calibration successful without any restrictions

CHECK deviation of correction value larger than expected, correction
could however be performed

FAILED deviations of correction value too large, no correction was possi-
ble. The found correction data are not valid.

ABORTED calibration aborted
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CALIBRATION FESULTS

Remote command: CAL:RES?

The softkeys PAGE UP and PAGE DOWN scroll one page forward or backward in
the CALIBRATION RESULTS table. They have no function when the table is closed.

Remote command: --

Markers and Delta Markers — MKR Key

The markers are used for marking points on traces, reading out measurement
results and for quickly selecting a display section. R&S FSU provides four markers
per display window. All markers can be used either as markers or delta markers.
The availability of marker functions depends on whether the measurement is per-
formed in the frequency, time or level domain.

The marker that you can move is defined in the following as the active marker.

marker active marker temporary marker
1 3 T1
AV v V
A
2

delta marker

Fig. 4.7 Examples of marker display

Temporary markers are used in addition to the markers and delta markers to evalu-
ate the measurement results. They disappear when the associated function is deac-
tivated.

The measurement results of the active marker (also called marker values) are dis-
played in the marker field. The marker info field at the upper right of the display
shows the marker location (here, frequency), the level and the currently selected
trace [T1].
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MARKER 1 [T1]
-27.5 dBm
123.4567 MHz

The MKR key calls a menu that contains all marker and delta marker standard func-
tions. If no marker is active, MARKER 1 will be enabled and a peak search on the
trace carried out. Otherwise, the data entry for the marker activated last is opened.

MKR
MARKER 1[2|3/4 /
MARKER NORM | DELTA
SIGNAL COUNT
REFERENCE FIXED ¥ REF FXD ON | OFF
REF POINT LEVEL
REF POINT LVL OFFSET
REF POINT FREQUENCY
REF POINT TIME
PEAK SEARCH
MARKER ZOOM
ALL MARKER OFF
Side menu
MKR->TRACE
LINK MKR1 AND DELTA1
CNT RESOL ...
Side menu
STEPSIZE STANDARD
STEPSIZE SWP POINTS
MKR FILE EXPORT
DECIM SEP
MARKER The MARKER 1/2/3/4.softkey selects the corresponding marker and activates it.
MARKER - MARKER s sy e ol e e ey fave been siched o AR
NORM | DELTA '

verted into markers with absolute value display by means of the MARKER NORM
DELTA softkey. When MARKER 1 is the active marker, pressing the MARKER
NORM DELTA softkey switches on an additional delta marker.

Pressing the MARKER 1 to 4 softkey again switches off the selected marker.
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Example
[PRESET] R&S FSU is set to the default setting.
[MKR] On calling the menu, MARKER 1 is switched on (‘1" highlighted in

the softkey) and positioned on the maximum value of the trace. It is
a normal marker and the MARKER NORMAL softkey is high-
lighted.

[MARKER 2] MARKER 2 is switched on ('2' highlighted in the softkey). It is auto-
matically 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.

[MARKER The MARKER NORM DELTA softkey is highlighted. MARKER 2
NORM DELTA] becomes a normal marker. The frequency and level of MARKER 2
are output as absolute values in the marker info field.

[MARKER 2] 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.

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

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

When 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 3). In case a marker is
already located there, it will be set to the frequency of the next lowest level (next
peak).

When the split-screen display mode is active, the marker will be placed in the active
window. 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.
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4.5.10.1 Frequency Measurement with the Frequency Counter

In order to accurately determine the frequency of a signal, R&S FSU is equipped
with a frequency counter which measures the frequency of the RF signal at the inter-
mediate frequency. Using the measured IF, R&S FSU calculates the frequency of
the RF input signal by applying the known frequency conversion factors.

The frequency measurement error depends only upon the accuracy of the frequency
standard used (external or internal reference). Although R&S FSU 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 follow-

ing:

» The marker measures only the position of the pixel on the trace and infers the
frequency of the signal from this value. The trace, however, contains only a limited
number of pixels. Depending upon the selected span, each pixel may contain
many measurement values, which therefore limits the frequency resolution.

» The resolution with which the frequency can be measured is proportional to the
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 refer-
ence marker, the frequency is counted with the desired resolution and then the
sweep is allowed to continue.

SIGNAL The SIGNAL COUNT softkey switches the frequency counter on/off.

COUNT The frequency is counted at the position of the reference marker (MARKER 1). The

sweep stops at the reference marker until the frequency counter has delivered a
result. The time required for a frequency measurement depends on the selected fre-
quency resolution. The resolution is set in the side menu.

If no marker is enabled when the SIGNAL COUNT softkey is pressed, MARKER 1 is
switched on and set at the largest signal.

In addition, the SIGNAL COUNT function is displayed in the marker info field on the
screen with [Tx CNT].

MARKER 1 [T1 CNT]
-27.5 dBm
23.4567891 MHz

Switching the SIGNAL COUNT function off is accomplished by pressing the softkey
again.

Remote command: CALC:MARK1:COUN ONj;
CALC:MARK:COUN: FREQ?

The resolution of the frequency counter is set in the NEXT menu of the MARKER
menu. R&S FSU offers counter resolutions between 0.1 Hz and 10 kHz.
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REFERENCE
FIXED REF FXD ON | OFF

REF POINT LEVEL

REF POINT LVL OFFSET

REF POINT FREQUENCY

REF POINT TIME

PEAK SEARCH

The REFERENCE FIXED softkey defines the level and the frequency or time of
MARKER 1 as a reference for one or several delta markers. The measured values
for one or several markers displayed in the marker info field are derived from this
reference point instead of the current values of the reference marker (MARKER 1).

On actuating the softkey, reference fixed is switched on and thus, the level value
and the frequency, time or x-level value of MARKER 1 immediately become the ref-
erence point.

Additionally, the REFERENCE FIXED softkey opens the submenu where it is possi-
ble to determine manually a reference point with level and frequency, time or x-axis
level, to define a level offset or deactivate the reference point.

The REFERENCE FIXED function is useful for the measurement of the harmonic
suppression at small span (fundamental not represented).

REF FXD The REF FXD ON/OFF softkey switches on or off the relative measurement to a
ON | OFF fixed reference value (REFERENCE POINT) independent of the trace.

Remote command: CALC:DELT2:FUNC:FIX ON

REF POINT The REF POINT LEVEL softkey enters a reference level independent of the refer-
LEVEL ence marker level. All relative level values of the delta markers refer to this refer-
ence level.

Remote command: CALC:DELT2:FUNC:FIX:RPO:Y -10dBm

REF POINT LVL  The REF POINT LVL OFFSET softkey specifies a level offset relevant to the refer-
OFFSET ence level. The relative level values of the delta markers refer to the reference point
level plus the level offset.

The level offset is set to 0 dB on enabling the REFERENCE FIXED or PHASE
NOISE function.

Remote command: CALC:DELT2:FUNC:FIX:RPO:Y:0OFFS 0dB

REF POINT  With the REF POINT FREQUENCY softkey a reference frequency can be manually
FREQUENCY activated for the delta markers when the REFERENCE FIXED or PHASE NOISE
function is used.

Remote command: CALC:DELT2:FUNC:FIX:RPO:X 10.7MHz
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REF POINT The REF POINT TIME softkey activates the entry box for the input of a reference
TIME time for the REFERENCE FIXED function in the time domain (span = 0 Hz).

Remote command: CALC:DELT2:FUNC:FIX:RPO:X 5MS

For phase noise measurement, input of reference time is not possible.

PEAK SEARCH The PEAK SEARCH softkey defines the maximum of the selected trace as refer-
ence level for all delta markers when using the REFERENCE FIXED function.

Remote command: CALC:DELT2:FUNC:FIX:RPO:X -5DBM

Measurement example

Small-span harmonics measurement to increase sensitivity
CW signal (e.g. 100 MHz, 0 dBm) with harmonics at the RF input of R&S FSU.

[PRESET] R&S FSU is set to the default setting.

[CENTER: 100 MHz]  The center frequency of R&S FSU is set to 100 MHz.

[SPAN: 1 MHz] The span is setto 1 MHz.

[AMPL: 3 dBm] The reference level is set to 3 dBm (3 dB above the
expected RF level).

[MKR] MARKER 1 is switched on ('1' highlighted in the softkey)
and set to the signal peak.

[MARKER 2] MARKER 2 is switched on and automatically defined as the

delta marker (DELTA is highlighted on MARKER NORM
DELTA softkey).

[REFERENCE FIXED] The frequency and level of MARKER 1 are a reference for
the delta marker.

[CENTER: 200 MHz]  The center frequency is set to 200 MHz (= frequency of the
2nd harmonic). The reference level may have to be
reduced to see the 2nd harmonic from the noise. This does
not affect the reference level set with REFERENCE FIXED.

[MKR->: PEAK] The delta marker jumps to the 2nd harmonic of the signal.
The level spacing of the harmonic to the fundamental is dis-
played in the marker info field.
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MARKER The MARKER ZOOM softkey expands the area around MARKER 1. With the zoom
ZOOM function, more details of the spectrum can be seen. The desired display range can
be defined in an entry window.

The following sweep is stopped at the position of the reference marker. The fre-
quency of the signal is counted and the measured frequency becomes the new cen-
ter frequency. The zoomed display range is then configured and the new settings
are used by R&S FSU 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 MARKER 1 is not active when the softkey is pressed, it is automatically activated
and set to the highest peak in the window.

If an instrument setting is changed after selection of MARKER ZOOM, the function

is aborted.

The MARKER ZOOM softkey is only available in the frequency domain
(span > 0).

Remote command: CALC:MARK1:FUNC:ZOOM 1kHz

ALL MARKER The ALL MARKER OFF softkey switches off all markers (reference and delta mark-

OFF ers). It also switches off all functions and displays associated with the markers/delta
markers.
Remote command: CALC:MARK:AOFF

MKR->TRACE The MKR->TRACE softkey places the active 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.

The function of this softkey is identical to that of the MKR->TRACE softkey in the
MKR-> menu (see “MKR->TRACE” on page 4.78).

Example

Three traces are presented on the screen. The marker is always on trace 1 when
switching on.

[MKR ->TRACE] "2"<ENTER>  The marker jumps to trace 2 but remains on the
previous frequency or time.

[MKR ->TRACE] "3"<ENTER>  The marker jumps to trace 3.

Remote command: CALC:MARK1:TRAC 1
CALC:DELT:TRAC 1
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LINK MKR1 With the softkey LINK MKR1 AND DELTA1 the delta marker 1 can be linked to
AND DELTA1 marker 1, so if the x-axis value of the marker 1 is changed the delta marker 1 will fol-
low on the same x-position. The link is off by default.

Example for setup

+ PRESET

+ TRACE | MAX HOLD

+ TRACE | SELECT TRACE | 2 | AVERAGE

* MKR (Switches marker1 on)

+ MARKER NORM DELTA | DELTA (Delta Marker 1 ON)
+ MKR->| MKR->TRACE | 2

+ LINK MKR1 AND DELTA1

Now select the Marker1 (by switching MARKER1 from DELTA back to NORM) and
when changing the x-axis value (by knob wheel or UP/DOWN keys) the delta
marker1 will follow automatically.

The delta marker1 x-value can not be changed away from 0 as long as the link func-
tionality is active.

Remote command: CALC:DELT:LINK ON | OFF

CNT RESOL ... The CNT RESOL ... softkeys select the counter resolution. They are selection
switches, i.e. only one of the can be active at any one time.

The marker stop time, i.e. the frequency measurement time, depends on the
selected resolution.

Remote command: CALC:MARK1:COUN:RES <value>

Measurement example

The frequency of a CW signal is to be determined by means of the frequency
counter with a resolution of 10 Hz.

[PRESET] R&S FSU is set to the default setting.

[MARKER] MARKER 1 is switched on and set to the maximum value of
the displayed spectrum.

[SIGNAL COUNT] The frequency counter is switched on. R&S FSU counts the
frequency of the signal at the marker position with a resolu-
tion of 1 kHz. The counted frequency is indicated in the
marker info field.

[NEXT] Changes to the submenu for setting the counter resolution.
[CNT RESOL 10 Hz] The frequency counter resolution is increased to 10 Hz.

STEPSIZE The STEPSIZE STANDARD softkey controls the knob increment/decrement of the
STANDARD marker position and uses the grid resolution (span/625).
Remote command: CALC:MARK:X:SSIZ STAN
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MKR FILE
EXPORT

DECIM SEP
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The STEPSIZE SWP POINTS softkeys controls the knob increment/decrement of
the marker position and uses the available sweep points configured in the SWEEP
menu.

Remote command: CALC:MARK:X:SSIZ POIN

The MKR FILE EXPORT softkey saves the data of all active markers of the window
to a specified file. The format of the decimal point is defined by the DECIM SEP soft-
key.

Remote command: MMEM:STOR:MARK 'C:\marker.txt'

The DECIM SEP softkey selects the decimal separator between '.' (decimal point)
and',' (comma) for the function MKR FILE EXPORT.

Remote command: FORM:DEXP:DSEP POIN

4.64
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4.5.11 Marker Functions — MKR FCTN Key
The MKR FCTN menu offers further measurements with the markers:
— Measurement of noise density (NOISE MEAS softkey)
— Measurement of phase noise (PHASE NOISE softkey)
— Measurement of filter or signal bandwidth (N DB DOWN softkey)
Activating of AF demodulation (MARKER DEMOD softkey)

On calling the menu, the entry for the last active marker is activated (SELECT
MARKER softkey); if no marker is activated, marker 1 is activated and a maximum
search (PEAK softkey) is performed. The marker can be set to the desired trace by
means of MKR->TRACE softkey.

MKR FCTN

SELECT MARKER

PEAK

NOISE MEAS

PHASE NOISE & PH NOISE ON | OFF
REF POINT LEVEL
REF POINT LVL OFFSET
REF POINT FREQUENCY
PEAK SEARCH
AUTO PEAK SEARCH

N DB DOWN

PEAK LIST & NEW SEARCH

SORT MODE FREQ | LEVEL

PEAK EXCURSION

LEFT LIMIT | RIGHT LIMIT

THRESHOLD

PEAK LIST OFF

Peak List Export

Decim Sep

MARKER DEMOD MKR DEMOD ON | OFF

AM | FM

SQUELCH

MKR STOP TIME

CONT DEMOD

MKR->TRACE
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45111 Activating the Markers

SELECT The SELECT MARKER softkey activates the numerical selection of the marker in
MARKER the data entry field. Delta marker 1 is selected by input of ' 0 ".

If the marker is switched off, then it is switched on and can be moved later on.

Remote command: CALC:MARK1 ON;
CALC:MARKI1:X <value>;
CALC:MARK1:Y?

PEAK The PEAK softkey sets the active marker/delta marker to the peak of the trace.

Remote command: CALC :MARK1 : MAX
CALC:DELT1 :MAX

4.511.2 Measurement of Noise Density

NOISE MEAS The NOISE MEAS softkey switches the noise measurement for the active marker on
or off. The corresponding marker becomes the NORMAL marker.

During noise measurement, the noise power density is measured at the position of
the marker. In the time domain mode, all points of the trace are used to determine
the noise power density. When measurements are performed in the frequency
domain, 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 a logarithmic ampli-
tude units (dBm, dBmV, dBmpV, 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, Q) the noise voltage density is evaluated in uV/\Hz, the noise current density in
WA/NHz or the noise power density in pW/Hz.

The following settings have to be made to ensure that the power density measure-
ment yields correct values:

Detector: Sample or RMS

Video bandwidth: < 0.1 x resolution bandwidth with sample detector
(corresponds to RBW / VBW NOISE)

> 3 x resolution bandwidth with RMS detector (corresponds to
RBW / VBW SINE)

In the default setting, the R&S FSU 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 R&S FSU uses the following correction factors to evaluate the noise density from
the marker level:

» 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 Hz/
BWhnoise), Wwhere BWgise is the noise or power bandwidth of the set resolution
filter (RBW).
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» 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.

*« RMS detector

With the exception of bandwidth correction, no further corrections are required for
the RMS detector since it already indicates the power with every point of the trace.

To allow a more stable noise display the adjacent (symmetric to the measurement
frequency) points of the trace are averaged.

In time domain mode, the measured values are averaged versus time (after a
sweep).

Remote command: CALC:MARK:FUNC:NOIS ON;
CALC:MARK:FUNC:NOIS:RES?

Example: Measurement of inherent R&S FSU noise

[PRESET] The R&S FSU is set to default setting.

[MARKER] Marker 1 is switched on and set to the maximum value of the dis-
played spectrum. Set marker to desired frequency using the rotary
knob.

[NOISE] The R&S FSU switches the sample detector on and sets the video
bandwidth to 300 kHz (0.1 x RBW). The power density level of inher-
ent noise is displayed in dBm/Hz in the marker info field.

The R&S FSU noise figure can be calculated from the measured power density
level. It is calculated by subtracting the set RF attenuation (RF Att) from the dis-
played noise level. 174 is to be added to the result to obtain the R&S FSU noise
figure.

1
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4.5.11.3 Phase Noise Measurement

PHASE NOISE
PH NOISE ON | OFF

REF POINT LEVEL

REF POINT LVL OFFSET

REF POINT FREQUENCY

PEAK SEARCH

AUTO PEAK SEARCH

The PHASE NOISE softkey switches the PHASE NOISE function on/off. Addition-
ally, the softkey opens the submenu for manually setting the reference point. The
phase noise measurement can be switched off in the submenu.

MARKER 1 (= reference marker) is used as a reference for the phase noise mea-
surement. The frequency and level of the reference marker are used as fixed refer-
ence values, i.e. the REFERENCE FIXED function is activated. After switching on
the phase noise measurement the reference level or the center frequency can thus
be set in a way that the carrier is outside the displayed frequency range, or, for
example, a notch filter is switched on to suppress the carrier.

A noise power density measurement is carried out with the delta marker or delta
markers. This measurement corresponds to the NOISE function in the MARKER
menu (MKR). The result of the phase noise measurement is the difference in level
between the reference point and the noise power density.

The following possibilities can be selected on switching on PHASE NOISE:

No marker enabled:

[MKR FCTN] MARKER 1 is enabled and set to peak.

[PHASE NOISE] MARKER 1 becomes the reference marker, MARKER 2 the delta
marker; frequency = frequency of the reference marker. The
delta marker is the active marker, i.e. it can be moved with the
rotary knob or adjusted by entering numerals.

The PHASE NOISE function is switched on and the measured
value is output.

Markers are enabled:

[MKR FCTN] The previous marker configuration remains unchanged.

[PHASE NOISE] MARKER 1 becomes the reference marker. If other markers are
enabled, they become delta markers and measure the phase
noise at their respective positions.
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If further markers are enabled during the phase noise measurement, they automati-
cally become delta markers and measure the phase noise at their respective posi-
tions.

When the phase noise measurement is switched off, the marker configuration
remains unchanged and the delta markers measure the relative level to the refer-
ence marker (MARKER 1).

The PHASE NOISE function measures the noise power at the delta markers
referred to 1 Hz bandwidth. The sample detector is automatically used and the video
bandwidth set to 0.1 times the resolution bandwidth (RBW). The two settings are
taken into account in the correction values used for the noise power measurement.

To obtain stable results, two pixels on the right and the left of the respective delta
marker position are taken for the measurement. The procedure for determining the
noise power is identical to the method used for the noise power measurement (see
NOISE softkey). The measured noise level referred to 1 Hz bandwidth is subtracted
from the carrier level at the reference marker (MARKER 1). The measured values
are displayed in the delta marker field in dBc/Hz (= spacing in dB of the noise power
from the carrier level in 1 Hz bandwidth).

If several delta markers are enabled, only the value read by the active marker is
shown in the marker field. If several delta markers are active, their measurement
results are shown in the marker info field.

The reference value for the phase noise measurement can be defined with REF
POINT LEVEL, REF POINT FREQUENCY and REF POINT LVL OFFSET to differ
from that of the reference marker.

Remote command: -—

PH NOISE The PH NOISE ON/OFF softkey switches on/off the phase noise measurement.
ON | OFF  Switching on is performed by means of the PHASE NOISE softkey and is only nec-
essary when the phase noise measurement has been switched off in the submenu.

Remote command: CALC:DELT1:FUNC:PNO ON
CALC:DELT1 : FUNC:PNO:RES?

REF POINT The REF POINT LEVEL softkey activates an entry box for the input of a reference
LEVEL level other than the reference marker level. The function is identical to that of the
softkey with the same name in the MARKER menu (MKR).

Remote command: CALC:DELT1:FUNC:FIX:RPO:Y -10dB

REF POINT LVL The REF POINT LVL OFFSET softkey activates an entry box for the input of an
OFFSET additional level offset for the phase noise calculation.

This level offset is set to 0 dB on when the REFERENCE FIXED or PHASE NOISE
function is enabled.

Remote command: CALC:DELT:FUNC:FIX:RPO:Y:0FFS 10dB

REF POINT The REF POINT FREQUENCY softkey activates an entry box for the manual input
FREQUENCY of a reference frequency for the REFERENCE FIXED or PHASE NOISE function.

Remote command: CALC:DELT1:FUNC:FIX:RPO:X 10.7MHz
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PEAK SEARCH The PEAK SEARCH sets the reference point level for delta marker 2 in the selected
measurement window to the peak of the selected trace.

Remote command: CALC:DELT:FUNC:FIX:RPO:MAX

AUTO PEAK The AUTO PEAK SEARCH softkey activates an automatic peak search for the refer-
SEARCH ence fixed marker 1 at the end of each particular sweep.

This function may be used for tracking of a drifting source during a phase noise
measurement. The delta marker 2, which shows the phase noise measurement
result, keeps the delta frequency value. Therefore the phase noise measurement
leads to reliable results in a certain offset although the source is drifting. Only if the
marker 2 is reaching the border of the span, the delta marker value is adjusted to be
within the span. In these cases, choose a larger span.

Remote command: CALC:DELT:FUNC:PNO:AUTO ON | OFF

The numeric suffix <1 to 4> of :DELTamarker is irrelevant.

Measurement example

The phase noise of a CW signal at 100 MHz with 0 dBm level is to be measured at
800 kHz from the carrier

[PRESET] The R&S FSU is set to the default setting.

[CENTER: 100 MHz] The center frequency is set to 100 MHz.

[SPAN: 2 MHz] The span is set to 2 MHz.

[AMPT: 0 dBm] The reference level is set to 0 dBm.

[MKR FCTN] MARKER 1 is switched on and positioned at the maxi-

mum of the displayed trace.

[PHASE NOISE: 800 kHz] The phase noise measurement is switched on. The
delta marker is positioned on the main marker and the
measured phase noise value is displayed in the marker
info field. The sample detector is used and the video
bandwidth is set to 3 x RBW. When the phase noise
measurement function is enabled, the entry of the delta
marker frequency is activated. It can be entered
directly.
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4.511.4 Measurement of the Filter or Signal Bandwidth

N DB DOWN The N DB DOWN softkey activates the temporary markers T1 and T2 which are n
dB below the active reference marker. Marker T1 is placed to the left and marker T2
at the right of the reference marker. The value n can be input in a window.

The default setting is 3 dB.

Span >0: The frequency spacing of the two temporary markers is indicated in the
marker info field.

Span =0: The pulse width between the two temporary markers is indicated in the
marker info field.

If, for example, it is not possible to form the frequency spacing for the n dB value
because of the noise display, dashes are indicated instead of a measured value.

If a negative value is entered than the markers are placed n dB above the active ref-
erence marker. This is then a n dB up function which can be used for notch filter
measurements:

To switch n dB down on or off:

Remote command: CALC:MARK1 : FUNC:NDBD:STAT ON

To query the result pulse width:

Remote command: CALC:MARKI1 : FUNC:NDBD:RES?

To query the two marker x-values (in seconds) separated by comma:

Remote command: CALC:MARKI1:FUNC:NDBD:TIME? 'Span = 0

Further remote commands:

Remote command: CALC:MARK1:FUNC:NDBD 3dB
CALC:MARK1 : FUNC:NDBD:FREQ? 'Span > 0
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4.5.11.5 Measurement of a Peak List

PEAK LIST
NEW SEARCH

SORT MODE FREQ | LEVEL

PEAK EXCURSION

LEFT LIMIT | RIGHT LIMIT

THRESHOLD

PEAK LIST OFF

PEAK LIST EXPORT

DECIM SEP

The PEAK LIST softkey allows the peak values of the trace to be determined and
entered in a list with 50 entries max. The order of the entries is defined by the SORT
MODE:

+ FREQ: sorting in ascending order of frequency values (see screenshot); if span =
0, the entries are sorted in ascending order of time values

* LEVEL: sorting according to level

PEAK LIST

The search range can be restricted by means of the LEFT LIMIT, RIGHT LIMIT and
THRESHOLD softkeys. The definition of the peak values can be modified using the
PEAK EXCURSION softkey. The MKR->TRACE softkey in the main menu is used to
select the trace for searching peak values.

Opening the list performs a single search at the end of the sweep. The NEW
SEARCH softkey triggers a new sweep, determines the peak values of the trace at
the end of the sweep and enters them in the list.
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Use the PEAK LIST OFF key to delete the list from the screen.

Remote command: INIT:CONT OFF;
CALC:MARK:TRAC 1;
CALC:MARK:FUNC:FPE:SORT X;
INIT; *WAI;
CALC:MARK:FUNC:FPE 10;
CALC:MARK:FUNC:FPE:COUN?;
CALC:MARK:FUNC:FPE:Y?;
CALC:MARK:FUNC:FPE:X?

NEW SEARCH The NEW SEARCH softkey starts a new peak search and enters the results in the
peak list.

Remote command: INIT; *WAI;
CALC:MARK:FUNC:FPE 10;
CALC:MARK:FUNC:FPE:COUN?;
CALC:MARK:FUNC:FPE:Y?;
CALC:MARK:FUNC:FPE:X?

SORT MODE The SORT MODE FREQ/LEVEL softkey defines the position of the peak values in
FREQ | LEVEL the list:

* FREQ: sorting in ascending order of frequency values (time values if span = 0)

* LEVEL: sorting according to level

Remote command: CALC:MARK:FUNC:FPE:SORT X;

PEAK With level measurements, the PEAK EXCURSION softkey allows the minimum
EXCURSION amount to be entered by which a signal must decrease or increase in order to be
recognized as a maximum by the peak search function.

Values between 0 dB and 80 dB may be entered, the resolution being 0.1 dB

Remote command: CALC:MARK:PEXC 6dB

LEFT LIMIT| The LEFT LIMIT and RIGHT LIMIT softkeys define the vertical lines F1/F2 in the fre-
RIGHT LIMIT  quency domain (span > 0) and T1/T2 in the time domain (span = 0) between which
the search is carried out.

If only one line is active, the F1/T1 line is used as the lower limit; the upper limit is
the stop frequency. If F2/T2 is also active, it defines the upper limit.

Remote command: CALC:MARK:X:SLIM:LEFT 1MHZ
CALC:MARK:X:SLIM:RIGH 10MHZ
CALC:MARK:X:SLIM ON

THRESHOLD The THRESHOLD softkey defines a horizontal threshold line which represents the
lower limit of the peak search level range.

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

PEAK LIST OFF The PEAK LIST OFF softkey switches off the table with the search results.

Remote command: --
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PEAKLIST The PEAK LIST EXPORT softkey stores the content of the marker peak list in ASCII
EXPORT format to the specified file. The format of the decimal point is defined by the DECIM
SEP softkey.

Remote command: MMEM:STOR:PEAK 'C:\filename.txt'

DECIM SEP  The DECIM SEP softkey selects the decimal separator between ".' (decimal point)
and ', (comma) for the function PEAK LIST EXPORT.

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

Remote command: FORM:DEXP:DSEP POIN

4.5.11.6 AF Demodulation

The R&S FSU provides demodulators for AM and FM signals. With these demodula-
tors, a displayed signal can be identified acoustically through the use of the internal
loudspeaker or with headphones. The frequency at which the demodulation is
enabled is coupled to the markers. The sweep stops at the frequency determined by
the active marker for the selected time and the RF signal is demodulated. During a
measurement in the time domain (span = 0 Hz) the demodulation is continuously on.

The threshold line (MKR->:SEARCH LIMITS:THRESHOLD) performs a squelch
function in the demodulator. If the threshold is set, the R&S FSU LF demodulation is
switched on only when the signal to be demodulated exceeds the set threshold.

MARKER MKR DEMOD ON | OFF
DEMOD !
AM | FM
SQUELCH

MKR STOP TIME

CONT DEMOD

The MARKER DEMOD softkey switches on the audio demodulator and calls a sub-
menu in which the demodulation mode and the duration of the demodulation can be
selected.

Remote command: CALC:MARKI1:FUNC:DEM ON

MKR DEMOD The MKR DEMOD ON/OFF softkey switches the demodulation on/off.

ON | OFF In the frequency range (span >0), the frequency scan is stopped at the frequency of

the active marker with demodulation switched on — provided that the level is above
the threshold line - and the signal is demodulated during the given stop time.

In the time domain (span = 0) demodulation is continuous, i.e. not only active at the
marker position.

Remote command: CALC:MARKI1:FUNC:DEM ON

AM | FM  The softkeys AM and FM are selector switches one of which only may be active at a
time. They set the desired demodulation mode FM or AM. Default setting is AM.

Remote command: CALC:MARKI1:FUNC:DEM:SEL AM
CALC:MARKI1:FUNC:DEM:SEL FM
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SQUELCH The SQUELCH softkey enables the input of a level threshold below which the audi-
ble 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 default setting for the squelch is off.
Remote command: CALC:MARKI1:FUNC:DEM:SQU ON | OFF
CALC:MARKL1 :FUNC:DEM:SQU:LEV 80 PCT

MKR STOP The MKR STOP TIME softkey defines the stop time for demodulation at the
TIME  marker(s).

The R&S FSU interrupts the frequency sweep at the marker position and activates
the demodulation for the duration of the stop time (see also MKR DEMOD ON/OFF).

In the time domain (span = 0) the demodulation is continuously active irrespective of
the stop time set.

Remote command: CALC:MARK1:FUNC:DEM:HOLD 3s

CONT DEMOD The CONT DEMOD softkey switches on the continuous demodulation in the fre-
quency domain. If the sweep time is long enough, the set frequency range can be
monitored acoustically.

Remote command: CALC:MARK1:FUNC:DEM:CONT ON

4.511.7 Selecting the Trace

MKR—>TRACE The MKR->TRACE softkey sets the active marker to different traces. Only those
traces can be selected which are visible on the screen in the same window.

The function of the softkey is identical to that of the softkey with the same name in
the MKR-> menu.

Example

Three traces are displayed on the screen. The marker is always on Trace 1 on

switching on.

[MKR ->TRACE] "1" The marker jumps to Trace 2, but remains at
the previous frequency or time.

[MKR ->TRACE] "3" The marker jumps to Trace 3.

Remote command: CALC:MARK:TRAC 2

Operating Manual 1166.1725.12 - 08 4.75



R&S FSU

Instrument Functions

4.5.12

MKR->

SELECT
MARKER

PEAK

Analyzer Mode

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.

SELECT MARKER

PEAK

CENTER = MKR FREQ

REF LEVEL = MKR LVL

NEXT PEAK

NEXT PEAK RIGHT

NEXT PEAK LEFT

SEARCH LIMITS & LEFT LIMIT /

RIGHT LIMIT

THRESHOLD

SEARCH LIMIT OFF

MKR->TRACE

Side menu

MKR->CF STEPSIZE

MIN

NEXT MIN

NEXT MIN RIGHT

NEXT MIN LEFT

EXCLUDE LO

PEAK EXCURSION

2. side menu

AUTO MAX PEAK
AUTO MIN PEAK

The SELECT MARKER softkey activates the numerical selection of the marker in
the data entry field. Delta marker 1 is selected by input of ' 0 ".

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

Remote command:

The PEAK softkey sets the active marker/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.

CALC:MARK:MAX
CALC:DELT :MAX

Remote command:

4.76
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CENTER = The CENTER = MKR FREQ softkey sets the center frequency to the current marker
MKR FREQ or delta marker frequency.
A signal can thus be set to the center of the frequency display range, for example,
so that it can then be examined in detail with a smaller span.

The softkey is not available in the time domain (zero span).

Remote command: CALC :MARK:FUNC:CENT

Example

A spectrum is displayed with a large span after PRESET. A signal off the center is to
be examined in detail:

[PRESET] R&S FSU is set to the default setting.

[MKR->] MARKER 1 is switched on and automatically jumps to
the largest signal of the trace.

[CENTER=MKR FREQ] The center frequency is set to the marker frequency. The
span is adapted in such a way that the minimum fre-
quency (= 0 Hz) or the maximum frequency is not

exceeded.
[SPAN] The span can, for example, be reduced using the rotary
knob.
REF LEVEL = The REF LEVEL = MKR LVL softkey sets the reference level to the current marker
MKR LVL level.
Remote command: CALC:MARK:FUNC:REF
Example

A spectrum is displayed with a large span after PRESET. A signal off the center is to
be examined in detail:

[PRESET] R&S FSU is set to the default setting.
[MKR->] MARKER 1 is switched on and automatically jumps to
the largest signal of the trace.

[CENTER=MKR FREQ] The center frequency is set to the marker frequency.
The span is adapted in such a way that the minimum fre-
quency (= 0 Hz) or the maximum frequency is not

exceeded.
[REF LEVEL = MKR LVL] The reference level is set to the measured marker level.
[SPAN] The span can, for example, be reduced using the rotary
knob.
NEXT PEAK The NEXT PEAK softkey sets the active marker/delta marker to the next lower max-

imum of the selected trace.

Remote command: CALC:MARK:MAX : NEXT
CALC:DELT :MAX : NEXT
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SEARCH
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LEFT LIMIT /
RIGHT LIMIT

THRESHOLD

SEARCH LIMIT
OFF

MKR->TRACE
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The NEXT PEAK RIGHT softkey sets the active marker/delta marker to the next
lower maximum right of the current marker position on the selected trace.

Remote command: CALC:MARK:MAX:RIGH
CALC:DELT:MAX:RIGH

The NEXT PEAK LEFT softkey sets the active marker/delta marker to the next lower
maximum left of the current marker position the selected trace.

Remote command: CALC:MARK:MAX:LEFT
CALC:DELT:MAX:LEFT

LEFT LIMIT/
RIGHT LIMIT

THRESHOLD

SEARCH LIMIT OFF

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.

The LEFT LIMIT and RIGHT LIMIT softkeys define the two vertical lines F1 and F2
in the frequency domain (span > 0) and T1/ T2 in the time domain (span = 0). The
search is performed between these lines in the frequency and time domain

If only LEFT LIMIT is enabled, line F1/T1 is the lower limit and the upper limit corre-
sponds to the stop frequency. If RIGHT LIMIT is also enabled, it determines the
upper limit.

Remote command: CALC:MARK:X:SLIM:LEFT 1MHZ
CALC:MARK:X:SLIM:RIGH 10MHZ
CALC:MARK:X:SLIM ON

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 command: CALC:THR -20dBm
CALC:THR ON

The SEARCH LIMIT OFF softkey disables all limits of the search range.

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

The function of this softkey is identical to that of the MKR->TRACE softkey in the
MKR menu (see “MKR->TRACE” on page 4.62).

4.78
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MKR->CF The MKR->CF STEPSIZE softkey sets the step size for the center frequency varia-

STEPSIZE tion to the current marker frequency, and also sets step size adaptation to MANUAL.
CF STEPSIZE remains at this value until the center frequency entry mode in the
STEP menu is switched from MANUAL to AUTO again.

The MKR->CF STEPSIZE function is, above all, useful in the measurement of har-
monics with large dynamic range (narrow bandwidth and narrow span).

The softkey is not available in the time domain (span = 0 Hz).

Remote command: CALC:MARK:FUNC:CST

Example

The harmonics levels of a CW carrier are to be measured at 100 MHz.
[PRESET] R&S FSU is set to the default setting.

[CENTER: 100 MHz] R&S FSU sets the center frequency to 100 MHz. The span
is set to 200 MHz.

[SPAN: 1 MHz] The span is set to 100 MHz.

[MKR->] MARKER 1 is switched on and set to the maximum value
of the signal.

[NEXT] R&S FSU switches to the submenu.

[MKR->CF STEPSIZE] The step size of the center frequency setting equals the
marker frequency (100 MHz).

[CENTER] The center frequency entry mode is activated.

[Right key] The center frequency is set to 200 MHz. The first harmonic
of the test signal is displayed.

[MKR->: PEAK] The marker is set to the harmonic and the level of the latter

is output in the marker info field.

MIN The MIN softkey sets the active marker/delta marker to the minimum of the selected
trace.
Remote command: CALC:MARK:MIN

CALC:DELT:MIN

NEXT MIN The NEXT MIN softkey sets the active marker/delta marker to the next higher mini-
mum of the selected trace.

Remote command: CALC:MARK:MIN:NEXT
CALC:DELT:MIN:NEXT

NEXT MIN The NEXT MIN RIGHT softkey sets the active marker/delta marker to the next
RIGHT higher minimum right of the current marker position on the selected trace.
Remote command: CALC:MARK:MIN:RIGH

CALC:DELT:MIN:RIGH

NEXT MIN The NEXT MIN LEFT softkey sets the active marker/delta marker to the next higher
LEFT minimum left of the current marker position on the selected trace.
Remote command: CALC:MARK:MIN:LEFT

CALC:DELT:MIN:LEFT
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EXCLUDE LO The EXCLUDE LO softkey limits the frequency range for the marker search func-
tions or disables the limit.

activated Because of the feed through of 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. The minimum frequency to which the marker jumps, is > 6
x resolution bandwidth (RBW).

deactivated  No restriction to the search range. The frequency 0 Hz is included in
the marker search functions.

Remote command: CALC:MARK:LOEX ON
PEAK The PEAK EXCURSION softkey enables — for level measurements — the entry of a
EXCURSION 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 NEXT PEAK and NEXT MIN search functions.
Valid entries are from 0 dB to 80 dB; the resolution is 0.1 dB.

Remote command: CALC:MARK:PEXC 10dB

The default setting for the peak excursion is 6 dB. This value is sufficient for the
NEXT PEAK and NEXT MIN functions since, in this mode, the next lower maximum
or next higher minimum will always be detected.

If NEXT PEAK LEFT or NEXT PEAK RIGHT is selected, these functions search for
the next relative maximum left or right of the current marker position irrespective of
the current signal amplitude. Relative maximum is understood to mean a decrease
of the signal amplitude by a defined value —i.e. the peak excursion — right and left of
the amplitude peak.

The 6 dB level change set as a default value may be attained already by the inher-
ent noise of the instrument. In such a case, the R&S FSU would identify noise peaks
as maxima or minima. The value entered for the PEAK EXCURSION should there-
fore be higher than the difference between the highest and the lowest value mea-
sured for the displayed inherent noise.

The following example illustrates the effect of different settings of the PEAK
EXCURSION.

1 —
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Fig. 4.8 Examples of level measurement with different settings of PEAK EXCURSION

The following table lists the signals as indicated by 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 29.85dB

3 7dB

4 7dB

With 40 dB peak excursion, NEXT PEAK, NEXT PEAK RIGHT and NEXT PEAK
LEFT will not find any signal, as the signal level does not decrease by more than 30
dB to either side of any signal.

Order of signals detected:

PEAK: signal 1

NEXT PEAK: signal 1 (no further signal detected)
or

PEAK: signal 1

NEXT PEAK LEFT:  signal 1 (no further signal detected)
NEXT PEAK RIGHT: signal 1 (no further signal detected)

With 20 dB peak excursion, NEXT PEAK and NEXT PEAK RIGHT will also detect
signal 2, as the signal level decreases at least by 29.85 dB to either side of this sig-
nal, which is now greater than the peak excursion.

Operating Manual 1166.1725.12 - 08 4.81



R&S FSU Instrument Functions

_________________________________________________________________________________________________________________________________________________|
Analyzer Mode

Order of signals detected:

PEAK: Signal 1

NEXT PEAK: Signal 2

NEXT PEAK: Signal 2 (no further signal detected)
or

PEAK: Signal 1

NEXT PEAK LEFT:  Signal 1 (no further signal detected)

NEXT PEAK RIGHT: Signal 2

NEXT PEAK RIGHT: Signal 2 (no further signal detected)

With 6 dB peak excursion, all signals will be detected with NEXT PEAK and NEXT
PEAK RIGHT | NEXT PEAK LEFT.

Order of signals detected:

PEAK: Signal 1
NEXT PEAK: Signal 2
NEXT PEAK: Signal 3
NEXT PEAK: Signal 4
or

PEAK: Signal 1

NEXT PEAK LEFT:  Signal 3
NEXT PEAK RIGHT: Signal 1
NEXT PEAK RIGHT: Signal 2
NEXT PEAK RIGHT. Signal 4

AUTO MAX The AUTO MAX PEAK | AUTO MIN PEAK softkeys add an automatic peak search
PEAK action for marker 1 at the end of each particular sweep. This function may be used
AUTO MIN during adjustments of a device under test to keep track of the current peak marker
PEAK position and level.

The current marker search limit settings (LEFT LIMIT, RIGHT LIMIT, THRESHOLD,
EXCLUDE LO) are taken into account.

Remote command: CALC:MARK:MAX:AUTO ON | OFF
CALC:MARK:MIN:AUTO ON | OFF

The numeric suffix <1 to 4> of :MARKer is irrelevant.
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4.5.13 Power Measurements — MEAS Key

With its power measurement functions the R&S FSU is able to measure all the nec-
essary 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 trans-
mission, each transmitter must be conforming to the specified parameters. These
include among others:

« the output power,

» the occupied bandwidth, i.e. the bandwidth which must contain a defined
percentage of the power and

» the power dissipation allowed in the adjacent channels.

Additionally the menu contains functions to determine the modulation depth of AM
modulated signals and to measure the 3rd order intercept point.

The measurements and the corresponding settings are selected in the MEAS menu.

MEAS
TIME DOM POWER &

CHAN PWR ACP
MULT CARR ACP

OCCUPIED BANDWIDTH &

SIGNAL STATISTIC &

C/IN/C/INO &

MODULATION DEPTH

SPURIOUS EMISSIONS &

SELECT MARKER

Side menu

TOI

HARMONIC DISTOR &
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The MEAS key opens the menu to select and set the power measurement.
The following measurements can be selected:
* Power in the time domain (“TIME DOM POWER” on page 4.85)

+ Channel power and adjacent-channel power in the frequency domain with a single
carrier (‘CHAN PWR ACP MULT CARR ACP” on page 4.93)

*  Occupied bandwidth (“OCCUPIED BANDWIDTH” on page 4.110)

» Carrier-to-noise ratio (“C/N / C/NO” on page 4.122)

* Amplitude probability distribution (“SIGNAL STATISTIC” on page 4.115)
* Modulation depth (‘“MODULATION DEPTH” on page 4.124)

» Spurious emissions (“SPURIOUS EMISSIONS” on page 4.130)

« 3rd order intercept (“TOI” on page 4.127)

» Harmonic distortion (‘HARMONIC DISTOR” on page 4.128)

The above measurements are carried out alternatively.

45131 Power Measurement in Time Domain

With the aid of the power measurement function, the R&S FSU determines the
power of the signal in the time domain (SPAN = 0 Hz) by summing up the power at
the individual pixels and dividing the result by the number of pixels. 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 info field.

The measured values are updated after each sweep or averaged over a user-
defined number of sweeps (AVERAGE ON/OFF and NUMBER OF SWEEPS) in
order to determine e.g. the mean power over several bursts. For determination of
the peak value (MAX HOLD ON) the maximum value from several sweeps is dis-
played.

Example

Marker info field for: MEAN selected, AVERAGE ON and MAX HOLD ON:

MEAN HOLD -2.33 dBm
MEAN AV -2.39 dBm

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 (TRACE -
DETECTOR - SAMPLE).
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TIME DOM

POWER POWER ON | OFF
PEAK
RMS
MEAN

STANDARD DEVIATION

LIMIT ON | OFF

START LIMIT

STOP LIMIT

Side menu

SET REFERENCE

POWER ABS | REL

MAX HOLD ON | OFF

AVERAGE ON | OFF

NUMBER OF SWEEPS

The TIME DOM POWER softkey activates the power measurement in the time
domain and opens a submenu for configuration of the power measurement.

The submenu allows selection of the type of power measurement (rms or mean
power), the settings for max hold and averaging as well as the definition of limits.

The power evaluation range can be limited by input of limit values.

This softkey is only available in time domain (span = 0).

POWER The POWER ON/OFF softkey switches the power measurement on and off. When
ON | OFF entering the submenu it is ON since the power measurement is already switched on
with the TIME DOM POWER softkey in the main menu.

The measurement is performed on the trace on which marker 1 is placed. To eval-
uate another trace, marker 1 should be set on another trace using the SELECT
TRACE softkey in MARKER menu (MKR).

Remote command: CALC:MARK:FUNC:SUMM: PPE ON
CALC:MARK:FUNC:SUMM: PPE:RES?
CALC:MARK:FUNC:SUMM:RMS ON
CALC:MARK:FUNC:SUMM:RMS :RES?
CALC:MARK:FUNC:SUMM:MEAN ON
CALC:MARK:FUNC: SUMM:MEAN : RES?
CALC:MARK:FUNC:SUMM: SDEV ON
CALC:MARK:FUNC:SUMM: SDEV:RES?
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PEAK The PEAK softkey switches on the calculation of the peak value from the points of
the displayed trace or a segment thereof.

For the maximum peak, the largest peak value obtained since the activation of MAX
HOLD ON is displayed.

With AVERAGE ON, the peak values of a trace are averaged over several sweeps
and displayed.

The number of sweeps over which the average or the maximum value is calculated
is set with the NUMBER OF SWEEPS softkey.

Remote command: CALC:MARK:FUNC:SUMM: PPE ONCALC:MARK:
FUNC:SUMM: PPE:RES?

RMS The RMS softkey switches on the calculation of the rms value from the points of the
displayed trace or a segment of it.

For the maximum peak, the largest rms value obtained since the activation of MAX
HOLD ON is displayed.

With AVERAGE ON, the rms values of a trace are averaged over several sweeps
and displayed.

The number of sweeps over which the average or the maximum value is calculated
is set with the NUMBER OF SWEEPS softkey.

Remote command: CALC:MARK:FUNC:SUMM:RMS ON
CALC:MARK:FUNC:SUMM:RMS:RES?

MEAN  The MEAN softkey switches on the calculation of the mean value from the points of
the displayed trace or a segment of it. The linear mean value of the equivalent volt-
ages is calculated.

This can be used for instance to measure the mean power during a GSM burst.

For the maximum peak, the largest mean value obtained since the activation of MAX
HOLD ON is displayed.

With AVERAGE ON, the mean values of a trace are averaged over several sweeps
and displayed.

The number of sweeps over which the average or the maximum value is calculated
is set with the NUMBER OF SWEEPS softkey.

Remote command: CALC:MARK:FUNC:SUMM:MEAN ON
CALC :MARK:FUNC: SUMM:MEAN : RES?

STANDARD The STANDARD DEVIATION softkey switches on the calculation of the standard
DEVIATION deviation of trace points from the mean value and outputs them as measured value.
The measurement of the mean power is automatically switched on at the same time.

For the maximum peak, the largest standard deviation obtained since the activation
of MAX HOLD ON is displayed.

With AVERAGE ON, the standard deviations of a trace are averaged over several
sweeps and displayed.

The number of sweeps over which the average or the maximum value is calculated
is set with the NUMBER OF SWEEPS softkey.

Remote command: CALC:MARK:FUNC:SUMM: SDEV ON
CALC :MARK:FUNC:SUMM: SDEV:RES?
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LIMIT ON | OFF  The LIMIT ON/OFF softkey selects the limited (ON) or non-limited (OFF) evaluation
range.

The evaluation range is defined by the START LIMIT and STOP LIMIT softkeys. If
LIMIT = ON, signals are only searched between the two lines.

If only one limit line is switched on, time line 1 is the lower limit and the upper limit
corresponds to the end of sweep. If time line 2 is also switched on, it defines the
upper limit.

If no limit line is switched on, the evaluation range is not limited.
The default setting is LIMIT = OFF.

Remote command: CALC:MARK:X:SLIM OFF

START LIMIT  The START LIMIT softkey activates the entry of the lower limit of the evaluation
range.

Remote command: CALC:MARK:X:SLIM:LEFT <value>

STOP LIMIT The STOP LIMIT softkey activates the entry of the upper limit of the evaluation
range.

Remote command: CALC:MARK:X:SLIM:RIGH <value>

SET The SET REFERENCE softkey sets the power values currently measured as refer-
REFERENCE ence values for the calculation of the mean value (MEAN) and the rms value (RMS).
The reference values are used to perform relative measurements.

If the calculation of the mean value (MEAN) and rms value (RMS) is not switched
on, 0 dBm is used as a reference value.

If the average value (AVERAGE) or maximum value (MAX HOLD) is calculated over
several sweeps, the current value is the measured value summed up at the actual
time.

Remote command: CALC:MARK:FUNC:SUMM:REF:AUTO ONCE

POWER The POWER ABS/REL softkey selects the absolute power measurement (default
ABS | REL setting) or relative power measurement. The reference value for the relative power
is defined by SET REFERENCE.

The value 0 dBm is used if the reference value is not defined.

Remote command: CALC:MARK:FUNC:SUMM:MODE ABS

MAX HOLD The MAX HOLD ON/OFF softkey switches the display of the maximum peak
ON | OFF obtained from measurements at successive sweeps on and off.

The displayed maximum peak is only updated at the end of a sweep if a higher
value has occurred.

The maximum value can be reset by switching the MAX HOLD ON / OFF softkey off
and on again.

Remote command: CALC:MARK:FUNC:SUMM: PHOL ON
CALC :MARK: FUNC: SUMM: PPE : PHOL:RES?
CALC :MARK : FUNC : SUMM: RMS : PHOL : RES?
CALC :MARK : FUNC : SUMM: MEAN : PHOL:RES?
CALC :MARK: FUNC : SUMM: SDEV : PHOL:RES?
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AVERAGE The AVERAGE ON/OFF softkey switches averaging over successive sweep mea-
ON | OFF  surements on and off.

The measured values can be reset by switching the AVERAGE ON / OFF softkey off
and on again.

Remote command: CALC:MARK:FUNC:SUMM:AVER ON
CALC :MARK:FUNC:SUMM: PPE : AVER:RES?
CALC :MARK : FUNC : SUMM: RMS : AVER: RES ?
CALC :MARK: FUNC : SUMM: MEAN : AVER: RES?
CALC :MARK:FUNC: SUMM: SDEV: AVER:RES?

NUMBER OF The NUMBER OF SWEEPS softkey activates the entry of the number of sweeps for
SWEEPS maximum or average value calculation.

SINGLE SWEEP mode The R&S FSU performs sweeps until the
selected number of sweeps is reached and
stops then.

CONTINUOUS SWEEP mode Averaging is carried out until the selected
number of sweeps is reached. After that,
averaging is performed in continuous mode
and is then continued as running averaging.
Calculation of the maximum peak (MAX
HOLD) is performed continuously irrespective
of the selected number of sweeps.

The valid range values is 0 to 32767.

Depending on the specified number of sweeps, averaging is carried out according to
the following rules:

NUMBER OF SWEEPS =0  Continuous averaging is carried out over 10
measured values.

NUMBER OF SWEEPS = 1 No averaging, maxhold or minhold is carried
out.

NUMBER OF SWEEPS > 1 Averaging is carried out over the set number of
measured values.

This setting is equivalent to the setting of the sweep count in the TRACE menu.

Remote command: SWE :COUN <value>
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Example

The mean power of a GSM burst with 0 dBm nominal power at 800 MHz is to be

measured.

[PRESET] Set the R&S FSU to the default setting.

[FREQ: CENTER: 800 MHz] Set the center frequency to 800 MHz.

[SPAN: ZERO SPAN] Select time domain display (span = 0 Hz).

[AMPT: 0 dBm] Set the reference level to 0 dBm.

[BW: RES BW MANUAL: 30 Set the resolution bandwidth to 30 kHz in line

kHz] with the requirements of the GSM standard.

[SWEEP: SWEEPTIME Set the sweep time to 600 us.

MANUAL 600 ps]

[TRIG: VIDEO: 50%)] Use the video signal as trigger source.

[MEAS] Call the menu for the measurement functions.

[TIME DOM POWER] Select power measurement in the time domain.
The R&S FSU calculates the mean power from
the points of the whole trace.
The submenu for configuration of the power
measurement is opened. MEAN is already
switched on.

[LIMITS ON] Activate the limitation of the time domain of the
power measurement.

[START LIMIT: 250 ps] Set the start of the power measurement at 250
ys.

[STOP LIMIT: 500 ps] Set the end of the power measurement at 500
ys.

The GSM specifications require the power to be measured between 50% and 90%
of the TDMA burst. The time limits set above approximately correspond to the
required time domain.
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4.5.13.2 Channel and Adjacent-Channel Power Measurements

For all channel and adjacent-channel power measurements a specified channel
configuration is assumed which is for instance based on a specific radio communi-
cation system.

This configuration is defined by the nominal channel frequency (= center frequency
of the R&S FSU if only one carrier is active), the channel bandwidth, the channel
spacing, the adjacent-channel bandwidth and the adjacent-channel spacing. The
R&S FSU is able to simultaneously measure the power in up to four transmission
channels and up to three adjacent channels (10 channels: 4 transmission channels,
3 lower and 3 upper adjacent channels).

It offers two methods for channel and adjacent-channel power measurement:

» Theintegrated bandwidth method (IBW method), i.e. the integration of trace pixels
within the bandwidth of the channel to be measured to the total power of the
channel,

»  The measurement in time domain (Fast ACP) by means of steep resolution filters
simulating the channel.

The two measurements yield the same results. The measurement in time domain
can be performed much faster since the complete signal is measured within a chan-
nel at the same time. With the IBW method, the channel is divided into subspectra.
This is done by means of a bandwidth which is small compared to the channel band-
width. These subspectra are then combined by integration of the trace pixels.

With the IBW method, the transmission channels or adjacent channels are marked
by vertical lines at a distance of half the channel bandwidth to the left and to the right
of the corresponding channel center frequency (see Fig. 4.9).

With the time-domain method, the power versus time is shown for each channel.
The boundaries of the channels are marked by vertical lines (see Fig. 4.10).

For both methods, the results are listed in tables in the lower half of the screen.

The R&S FSU offers predefined standard settings which can be selected from a
table for the common mobile radio standards. Thus, channel configuration is per-
formed automatically without the need to enter the corresponding parameters manu-
ally.

For some standards, the channel power and the adjacent-channel power are to be
weighted by means of a root-raised cosine filter corresponding to a receive filter.
This type of filtering is switched on automatically for both methods on selecting the
standard (e.g. NADC, TETRA or 3GPP W-CDMA).

Addition of firmware starting from version 4.3x:

From firmware version 4.3x is is possible to configure overlapping adjacent chan-
nels. Based on a common carrier channel setting, it is now possible to measure with
two slightly different ADJ channel settings with one single measurement at the same
time.
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Example:
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ACP Measurement A and Measurement B are using identical TX channel settings
(Channel Bandwidth).

The ADJ settings for Measurement A and measurement B are different.

It is now possible to do both measurements at the same time.

* Configure the ACP measurement with number of ADJ channels = 2.

« Define ADJ settings (bandwidth, spacing) as required for measurement A.

» Define ALT1 settings (bandwidth, spacing) as required for ADJ channel of
measurement B

* Perform the ACP measurement

* Read the ACP measurement result
The Carrier Power belongs to measurement A and B
The ADJ result is the ADJ result of measurement A

The ALT1 result is the ADJ result of measurement B.

This feature is only supported for ACP but not for Multi Carrier ACP measurement.
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Fig. 4.9 Screen display of adjacent-channel power measurement using the IBW method
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Fig. 4.10 Screen display of adjacent-channel power measurement using the time-domain method

Limit values for the adjacent-channel power can be defined for the measurement. If
limit checking is switched on, a pass/fail information indicating that the power has
been exceeded is displayed during the measurement in the table in the lower half of
the screen.

4.92
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With the CP/ACP measurement switched on the functions SPLIT SCREEN and
FULL SCREEN are inhibited.

CHAN PWR A
CcP
MULT CARR A
CcP

The channel configuration is defined in the MEAS - CHAN PWR ACP or the MEAS -
MULT CARR ACP menu.

CP/ACP ON | OFF

CP/ACP STANDARD

CP/ACP CONFIG ¥ NO. OF ADJ CHAN

NO. OF TX CHAN

CHANNEL BANDWIDTH

CHANNEL SPACING

ACP REF SETTINGS

CP/ACP ABS | REL

CHAN PWR / HZ

POWER MODE & CLEAR/WRITE
MAX HOLD

ADJUST SETTINGS

Side menu

ACP LIMIT CHECK

EDIT ACP LIMITS

SELECT TRACE

SET CP REFERENCE

SWEEP TIME

NOISE CORR
ON | OFF

FAST ACP ON | OFF

DIAGRAM FULL SIZE

ADJUST REF LVL

The CHAN PWR ACP and MULT CARR ACP softkeys activate channel or adjacent-
channel power measurement either for a single carrier signal (CHAN PWR ACP) or
for several carrier signals (MULT CARR ACP), depending on the current measure-
ment configuration. In addition, they open a submenu for defining the parameters for
channel power measurement. The softkey selected is shown in color to indicate that
a channel or adjacent-channel power measurement is active.
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The softkeys are available only for measurements in the frequency domain (span
> 0).

CP/ACP
ON | OFF

CP/ACP
STANDARD

The CP/ACP ON/OFF softkey switches calculation of the channel power or adja-
cent-channel power on and off.

With default settings the measurement is performed by integrating the powers at the
display points within the specified channels (IBW method).

The powers of the adjacent channels are measured either as absolute values or as
relative values referenced to the power of a transmission channel. The default set-
ting is relative-value measurement (see CP/ACP ABS/REL softkey).

When multi carrier ACP measurement is activated, the number of test points is
increased to ensure that adjacent-channel powers are measured with adequate
accuracy.

Remote command: CALC:MARK:FUNC:POW:SEL CPOW|ACP|MCAC
CALC:MARK:FUNC:POW:RES?
CPOW | ACP |MCAC
CALC:MARK:FUNC:POW OFF

The CP/ACP STANDARD softkey opens a table for the selection of the settings
according to predefined standards. The test parameters for the channel and adja-
cent-channel measurements are set according to the mobile radio standard.
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The standards available are listed in the table above.

For the R&S FSU, the channel spacing is defined as the distance between the
center frequency of the adjacent channel and the center frequency of the transmis-
sion channel. The definition of the adjacent-channel spacing in standards 1S95 B
and C, IS97 B and C and 1S98 B and C is different. These standards define the
adjacent-channel spacing from the center of the transmission channel to the clos-
est border of the adjacent channel. This definition is also used for the R&S FSU
when the following standard settings are selected:

CDMA 1S95 Class 0 FWD
CDMA 1895 Class 0 REV
CDMA IS95 Class 1 FWD
CDMA IS95 Class 1 REV

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

FAST ACP is not available if a WLAN standard or the WiMAX or WiBro standard is
selected.

Trace mathematics and trace averaging are switched off.

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.

The default setting is CP/ACP STANDARD NONE.

Remote command: CALC:MARK:FUNC:POW: PRES <standard>

CP/ACP  See following section “Setting the Channel Configuration” on page 4.98.
CONFIG

SET CP  With channel power measurement activated, the SET CP REFERENCE softkey
REFERENCE defines the currently measured channel power as the reference value. The refer-
ence value is displayed in the CH PWR REF field; the default value is 0 dBm.

The softkey is available only for multi carrier ACP measurements.

In adjacent-channel power measurement with one or several carrier signals, the
power is always referenced to a transmission channel, i.e. no value is displayed for
CH PWR REF.

Remote command: SENS:POW:ACH:REF:AUTO ONCE
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SWEEP TIME The SWEEP TIME softkey activates the entry of the sweep time. With the RMS
detector, a longer sweep time increases the stability of the measurement results.

The function of the softkey is identical to the softkey SWEEP TIME MANUAL in the
BW menu.

Remote command: SWE:TIME <value>

NOISE CORR If the NOISE CORR ON/OFF softkey is activated, the results will be corrected by the
ON | OFF instrument's inherent noise, which increases the dynamic range.

When the function is switched on, a reference measurement of the instrument's
inherent noise is carried out. The noise power measured is then subtracted from the
power in the channel that is being examined.

The inherent noise of the instrument depends on the selected center frequency, res-
olution bandwidth and level setting. Therefore, the correction function is disabled
whenever one of these parameters is changed. A disable message is displayed on
the screen.

To enable the correction function in conjunction with the changed setting, press the
softkey once more. A new reference measurement is carried out.

Remote command: SENS: POW:NCOR ON

FAST ACP  The FAST ACP ON/OFF softkey switches between the IBW method (FAST ACP
ON | OFF OFF) and the time domain method (FAST ACP ON).

With FAST ACP ON the power measurement is performed in the different channels
in the time domain. The R&S FSU sets the center frequency consecutively to the dif-
ferent channel center frequencies and measures the power with the selected mea-
surement 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).

A list of available filters is included in section “Filter Types” on page 4.27.

The RMS detector is used for obtaining correct power measurement results. There-
fore 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 (CP/ACP ABS) or dB
(CP/ACP REL).

The sweep time is selected depending on the desired reproducibility of results.
Reproducibility increases with sweep time since power measurement is then per-
formed over a longer time period.

As a general approach, it can be assumed that approx. 500 non-correlated mea-
sured 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 when their time interval corre-
sponds 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 us are considered as non correlated. A measurement time of 20 ms
is thus required per channel for 1000 measured values. This is the default sweep
time which the R&S FSU 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 command: SENS:POW:HSP ON
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DIAGRAM FULL The DIAGRAM FULL SIZE softkey switches the diagram to full screen size.

SIZE
Remote command: DISP:WIND1:SIZE LARG|SMAL

ADJUST REF The ADJUST REF LVL softkey adjusts the reference level of the R&S FSU to the
LVL 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 FSU or limiting the dynamic range by a too small S/N ratio.

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 command: SENS:POW:ACH:PRES:RLEV

For manual setting of the test parameters different from the settings made with
ADJUST SETTINGS the following should be observed:

Frequency span

The frequency span must at least cover the channels to be measured plus a mea-
surement margin of 10%.

For channel power measurement, the span is 1.1 x channel bandwidth.

If the frequency span is large in comparison with 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.

We therefore strongly recommend that the formulas mentioned be taken into con-
sideration when selecting the frequency span.

Resolution bandwidth (RBW)

To ensure both an acceptable measurement speed and the 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 sig-
nal 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 1IS95 CDMA standards, the ADJUST SETTINGS softkey
sets the resolution bandwidth (RBW) as a function of the channel bandwidth:

RBW < 1/40 of channel bandwidth.

Operating Manual 1166.1725.12 - 08 4.97



R&S FSU Instrument Functions
I ——

Analyzer Mode

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 band-
width. 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.

The ADJUST SETTINGS softkey sets the video bandwidth (VBW) as a function of
the channel bandwidth as follows:

VBW >3 x RBW.

The smallest possible VBW with regard to the available step size will be selected.

Detector

The ADJUST SETTINGS softkey selects the RMS detector.

The RMS detector is selected since it correctly indicates the power irrespective of
the characteristics of the signal to be measured. In principle, the sample detector
would be possible as well. Due to the limited number of trace pixels used to calcu-
late the power in the channel, the sample detector would yield less stable results.
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 dis-
played power depends on the number of averages and the signal characteristics in
the channel to be measured.

4.5.13.3 Setting the Channel Configuration

CP/ACP

CONFIG NO. OF ADJ CHAN

NO. OF TX CHAN

CHANNEL BANDWIDTH

CHANNEL SPACING

ACP REF SETTINGS

CP/ACP ABS | REL

CHAN PWR / HZ

POWER MODE ¢ CLEAR/WRITE

MAX HOLD

ADJUST SETTINGS

Side menu

ACP LIMIT CHECK

EDIT ACP LIMITS

SELECT TRACE
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The CP/ACP CONFIG softkey opens a submenu for configuration of the channel
power and adjacent channel power measurement independently of the offered stan-
dards.

The channel configuration includes the number of channels to be measured, the
channel bandwidths (CHANNEL BANDWIDTH), and the channel spacings (CHAN-
NEL SPACING).

Limit values can additionally be specified for the adjacent-channel power (ACP
LIMIT CHECK and EDIT ACP LIMITS) which are checked for compliance during the
measurement.

NO. OF ADJ The NO. OF ADJ CHAN softkey activates the entry of the number +n of adjacent
CHAN channels to be considered in the adjacent-channel power measurement.

Numbers from 0 to 12 can be entered.

The following measurements are performed depending on the number of the chan-
nels.

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 mea-
sured.

With higher numbers the procedure is expanded accordingly.

Remote command: SENS:POW:ACH:ACP 1

This increased number of adjacent channels is realized for all the relevant settings

like:

ACLR LIMIT CHECK  :CALC:LIM:ACP:ACH:RES?
:CALC:LIM:ACP:ALT1..11:RES?

EDIT ACLR LIMITS :CALC:LIM:ACP:ACH:STAT ON
:CALC:LIM:ACP:ACH:ABS -10dBm,-10dBm
:CALC:LIM:ACP:ACH:ABS:STAT ON
:CALC:LIM:ACP:ALT1..11 0dB,0dB
:CALC:LIM:ACP:ALT1..11:STAT ON
:CALC:LIM:ACP:ALT1..11:ABS -10dBm,-10dBm
:CALC:LIM:ACP:ALT1..11:ABS:STAT ON

ADJ CHAN :SENS:POW:ACH:BWID:ALT1..11 30kHz
BANDWIDTH

ADJ CHAN SPACING :SENS:POW:ACH:SPAC:ALT1..11 4MHz
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NO. OF TX The NO. OF TX CHAN softkey enables the entry of the number of carrier signals to
CHAN  be considered in channel and adjacent-channel power measurements.

Numbers from 1 to 12 can be entered.

The softkey is available only for multi carrier ACP measurements.

Remote command: SENS:POW:ACH: TXCH:COUN 12

CHANNEL The CHANNEL BANDWIDTH softkey opens a table for defining the channel band-

BANDWIDTH  widths for the transmission channels and the adjacent channels.
TX/ACF CHANMEL Bl |

CHAM  BAMDIIIDTH
T
RO 14 kH=z
ALTL 14 kH=z
ALTZ 14 kH=z
ALT3 14 kH=z
ALT4 14 kH=z
ALTS 14 kH=z
ALTE 14 kH=z
ALT? 14 kH=z
ALTS 14 kH=z
ALTS 14 kH=z
ALT1A 14 kH=
ALT11 14 kH=z

The transmission-channel bandwidth is normally defined by the transmission stan-
dard. The correct bandwidth is set automatically for the selected standard (see CP/
ACP STANDARD softkey).

With the IBW method (FAST ACP OFF), 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.

Measurements in the time domain (FAST ACP ON) 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.

Refer to section “Filter Types” on page 4.27 for a list of available filters.

When 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) when
the bandwidth of the ALT1 channel (alternate channel 1) is entered.
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The channel spacings can be set separately by overwriting the table from top to
bottom.

The entry "TX" is only available for the multi carrier ACP measurement.

CHANNEL
SPACING

Remote command: SENS:POW:ACH:BWID:CHAN 14kHz
SENS:POW:ACH:BWID:ACH 1kHz
SENS:POW:ACH:BWID:ALT1 14kHz
SENS:POW:ACH:BWID:ALT2 14kHz

The CHANNEL SPACING softkey opens a table for defining the channel spacings
for the TX channels as well as for the adjacent channels.

The entry "TX" is only available for the multi carrier ACP measurement.

TX channels

The spacing between every TX channels can be defined separately. Therefore a TX
spacing 1-2 for the spacing between the first and the second carrier, a TX spacing 2-
3 for the spacing between the second and the third carrier and so on can be defined.
In order to allow a convenient setup for the system with equal TX channel spacing,
the value of TX spacing 1-2 will be copied in all the spacing below after entry, the TX
spacing 2-3 will be 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:

e 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.
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Tx/ACP CHAMMEL SPACTRNG

28 kH=z

Adjacent channels

Since all the adjacent channels often have the same distance to each other, the
entry of the adjacent-channel spacing (ADJ) causes channel spacing ALT1 to be set
to twice and channel spacing ALT2 to three times the adjacent-channel spacing (and
so on). Thus only one value needs to be entered in case of equal channel spacing.
The same holds true for the ALT2 channels when the bandwidth of the ALT1 chan-
nel is entered.

The channel spacings can be set separately by overwriting the table from top to
bottom.

If the ACP or MCACP measurement is started, all settings according to the stan-
dard including the channel bandwidths and channel spacings are set and can be
adjusted afterwards.

Remote command: :SENS:POW:ACH:SPAC:CHAN 20kHz
:SENS:POW:ACH:SPAC:ACH 20kHz
:SENS:POW:ACH:SPAC:ALT1 40kHz
:SENS:POW:ACH:SPAC:ALT2 60kHz
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ACP REF The ACP REF SETTINGS softkey opens a table for selecting the transmission chan-
SETTINGS nel to which the adjacent-channel relative power values should be referenced.

ACP REFERENCE CHANNEL

VIX CHANNEL 1
TX CHANNEL
TX CHANNEL
TX CHANNEL
TX CHANNEL
TX CHANNEL
TX CHANNEL
TX CHANNEL
TX¥ CHANNEL 9
TX¥ CHANNEL 10
TX CHANNEL 11
TX CHANNEL 12
MIN POWER TX CHANNEL
MAY POWER TX CHANNEL
LOWEST & HIGHEST CHANNEL

o —1 oy G a= o DO

TX CHANNEL 1-12  Selection of one of the channels.

MIN POWER TX The transmission channel with the lowest power is used as

CHANNEL a reference channel.

MAX POWER TX The transmission channel with the highest power is used as

CHANNEL a reference channel.

LOWEST & HIGHEST The outer left hand transmission channel is the reference

CHANNEL channel for the lower adjacent channels, the outer right
hand transmission channel that for the upper adjacent chan-
nels.

The softkey is available only for multi carrier ACP measurements.

Remote command: SENS:POW:ACH:REF:TXCH:MAN 1
SENS:POW:ACH:REF:TXCH:AUTO MIN
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CP/ACP The CP/ACP ABS/REL softkey (channel power absolute/relative) switches between
ABS | REL absolute and relative power measurement in the channel.

CP/ACP ABS The absolute power in the transmission channel and in the adjacent
channels is displayed in the unit of the y-axis, e.g. in dBm, dBmV.

CP/ACP REL For adjacent-channel power measurements (NO. OF ADJ CHAN >

0), the level of the adjacent channels is displayed relative to the
level of the transmission channel in dBc.

For channel power measurements (NO. OF ADJ CHAN = 0) with a
single carrier, the power of the transmission channel is displayed
relative to the power of a reference channel defined by SET CP
REFERENCE. This means:

1. Declare the power of the currently measured channel as the
reference value, using the SET CP REFERENCE softkey.

2. Select the channel of interest by varying the channel frequency
(R&S FSU center frequency).

With linear scaling of the y-axis, the power of the new channel rela-
tive to the reference channel (CP/CPy¢) is displayed. With dB scal-
ing, the logarithmic ratio 10lg (CP/CPe¢f) is displayed.

The relative channel power measurement can thus also be used for
universal adjacent-channel power measurements. Each channel
can be measured individually.

Remote command: SENS:POW:ACH:MODE ABS

CHANPWR/HZ The CHAN PWR / HZ softkey toggles between the measurement of the total chan-
nel power and the measurement of the channel power referenced to a 1-Hz band-
width.

. . 1
The conversion factor is 10 - ‘gm

By means of this function it is possible e.g. to measure the signal/noise power den-
sity or use the additional functions CP/ACP REL and SET CP REFERENCE to
obtain the signal to noise ratio.

Remote command: CALC:MARK:FUNC:POW:RES:PHZ ON|OFF

POWER MODE The POWER MODE softkey opens the submenu for selecting the power mode.

CLEAR/WRITE

MAX HOLD

CLEAR/WRITE In the CLEAR/WRITE mode the channel power and the adjacent channel powers
are calculated directly from the current trace (default mode).

MAX HOLD In MAX HOLD mode the power values are still derived from the current trace, but
they are compared with the previous power value using a maximum algorithm. The
higher value is remained.

MAX HOLD mode is only applicable if the number of adjacend channels is > 0

Remote command: CALC :MARK: FUNC: POW:MODE WRIT |MAXH
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ADJUST The ADJUST SETTINGS softkey automatically optimizes the instrument settings for
SETTINGS the selected power measurement (see below).

All instrument settings relevant for a power measurement within a specific frequency
range (channel bandwidth) are optimized for the selected channel configuration
(channel bandwidth, channel spacing):

« Frequency span:

The frequency span should cover at least all channels to be considered in a
measurement.

For channel power measurements, the frequency span is set as follows:

(No. of transmission channels - 1) x transmission channel spacing +
2 x transmission channel bandwidth + measurement margin

For adjacent-channel power measurements, the frequency span is set 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 < 1/40 of channel bandwidth
* Video bandwidth: VBW > 3 x RBW

+ Detector: RMS detector

Trace math and trace averaging functions are switched off.

The reference level is not influenced by ADJUST SETTINGS. It can be separately
adjusted with ADJUST REF LVL.

The adjustment is carried out only once; if necessary, the instrument settings can be
changed later.

Remote command: SENS:POW:ACH:PRES ACP|CPOW|MCAC | OBW

ACP LIMIT The ACP LIMIT CHECK softkey switches the limit check for the ACP measurement
CHECK on and off.

Remote command: CALC:LIM:ACP ON
CALC:LIM:ACP:ACH:RES?
CALC:LIM:ACP:ALT:RES?

EDIT ACP  The EDIT ACP LIMITS softkey opens a table for defining the limits for the ACP mea-
LIMITS  surement.
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ACP LINITS

The following rules apply for the limits:

» Aseparate limit can be defined for each adjacent channel. The limit applies to both
the upper and the lower adjacent channel.

» Arelative and/or absolute limit can be defined. The check of both limit values can
be activated independently.

+ The R&S FSU 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 accordingly.

Measured values exceeding the limit are marked by a preceding asterisk.

Remote command: CALC:LIM:ACP ON
CALC:LIM:ACP:ACH 0dB,0dB
CALC:LIM:ACP:ACH:STAT ON
CALC:LIM:ACP:ACH:ABS -10dBm, -10dBm
CALC:LIM:ACP:ACH:ABS:STAT ON
CALC:LIM:ACP:ALT1 0dB, 0dB
CALC:LIM:ACP:ALT1:STAT ON
CALC:LIM:ACP:ALT1:ABS -10dBm,-10dBm
CALC:LIM:ACP:ALT1:ABS:STAT ON
CALC:LIM:ACP:ALT2 0dB, 0dB
CALC:LIM:ACP:ALT2:STAT ON
CALC:LIM:ACP:ALT2:ABS -10dBm,-10dBm
CALC:LIM:ACP:ALT2:ABS:STAT ON

SELECT TRACE The SELECT TRACE softkey selects the trace on which the CP/ACP measurement
is to be performed. Only activated traces can be selected, i.e. traces not set to
BLANK.

Remote command: SENS:POW:TRAC 1
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Examples

Measurement of adjacent-channel power for a specific standard:

The adjacent-channel power is to be measured for a signal at 800 MHz with 0 dBm
level in line with 1S136.

[PRESET] Set the R&S FSU to the default setting.
[FREQ: CENTER: 800 Set the center frequency to 800 MHz.

MHz]

[AMPT: 0 dBm] Set the reference level to 0 dBm.

[MEAS] Call the menu for the measurement functions.

[CHAN PWR / ACP] Select the channel and adjacent-channel power measure-
ment function. The measurement is performed with the
default settings or a previously defined setting. The sub-
menu for setting the desired new configuration is opened.

[CP/ACP STANDARD: Select the NADC (IS136) standard.
select IS136: ENTER]

[CP/ACP CONFIG] Call the submenu for configuration of the adjacent-channel
power measurement.

[NO. OF ADJ CHAN: 2  Select two adjacent channels for the measurement, i.e.
ENTER] the adjacent channel and the alternate channel are mea-
sured.

[ADJUST SETTINGS]  Set the optimum span, resolution bandwidth (RBW), video
bandwidth (VBW) and detector automatically for the mea-
surement. The absolute channel power and the relative
power of the adjacent channels are displayed on the

screen.
Change to the main menu for channel power measure-
ment.

[ADJUST REF LVL] Set the reference level equal to the channel power mea-
sured.

Measurement with user-specific channel configuration:

Measurement of the adjacent-channel power ratio (ACPR) of an 1IS95 CDMA signal
at 800 MHz, level 0 dBm. Similar to example 1, the setting can be simplified by using

CP/ACP STANDARD.

[PRESET] Set the R&S FSU to the default setting.
[FREQ: CENTER: 800 Set the center frequency to 800 MHz.

MHz]

[AMPT: 0 dBm] Set the reference level to 0 dBm.

[MEAS] Call the menu for the measurement functions.

[CHAN PWR / ACP] Select the channel and adjacent-channel power measure-
ment function. The measurement is carried out with the
default settings or a previously defined setting. The sub-
menu for setting the desired new configuration is opened.

[CP/ACP CONFIG] Call the submenu for defining the channel configuration.
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[NO. OF ADJ CHAN:
2 ENTER]

[CHANNEL
BANDWIDTH: 1.23 MHz:
(¢]: 30 kHz]

[CHAN SPACING: 1.25
MHz:(<] 885 kHz: (<. -
1.98 MHz] [): 2.97 MHz]

[ADJUST SETTINGS]

PREV

[ADJUST REF LVL]

Instrument Functions

Analyzer Mode

Select two adjacent channels for the measurement, i.e.
the adjacent channel and the alternate channel are mea-
sured.

Set the channel bandwidth to 1.23 MHz in accordance
with IS 95. Set the adjacent-channel bandwidth to 30 kHz.

TX/ACP CHANNEL BW

CHAN BANDWIDTH
TX 1.23 MHz
ADJ 30 kHz
ALT1 30 kHz
ALT2 30 kHz

Upon entry of 30 kHz for the adjacent channel the alter-
nate channels are also set to 30 kHz.

Open the list for entering the channel spacings.

TX/ACP CHAN SPACING

CHAN SPACING
TX 1.25 MHz
ADJ 885 kHz

ALT1 1.98 MHz
ALT2 2.97 MHz

Upon entry of 885 kHz for the adjacent channel the chan-
nels ALT1 and ALT2 are set to 1770 kHz and 2655 kHz.
Upon entry of 1.98 MHz for the alternate channel 1 the
alternate channel 2 is set to 2.97 MHz.

Automatically set the optimum span (= 5 MHz), resolution
bandwidth (RBW = 30 kHz), video bandwidth (VBW = 300
kHz) and detector (RMS) for the measurement. The abso-
lute channel power and the relative power of the adjacent
channels and alternate channels are displayed on the
screen.

Go to the main menu for channel power measurement.

Set the reference level equal to the channel power mea-
sured.
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Measurement of signal/noise power density (C/No) of an IS95 CDMA signal
(frequency 800 MHz, level 0 dBm)

[PRESET] Set the R&S FSU to the default setting.
[FREQ: CENTER: Set the center frequency to 800 MHz.

800 MHz]

[AMPT: 0 dBm] Set the reference level to 0 dBm.

MEAS] Call the menu for the measurement functions.

[CHAN PWR /ACP] Select the channel and adjacent-channel power measure-
ment. The measurement is performed with the default set-
ting or a previously defined setting. The submenu for
setting the desired new configuration is opened.

[CP/ACP CONFIG] Call the submenu for defining the channel configuration.
[NO. OF ADJ CHAN: 0 Do not select an adjacent channel for the measurement,
ENTER] i.e. the measurement is carried out in one channel only.
[CHANNEL Set the channel bandwidth to 1.23 MHz in line with 1S95.

BANDWIDTH: 1.23 MHZ]

[ADJUST SETTINGS] Set the optimum span (= 5 MHz), resolution bandwidth
(RBW = 30 kHz), video bandwidth (VBW = 300 kHz) and
detector (RMS) for the measurement automatically. The
absolute channel power and the relative power of the
adjacent channels and alternate channels are displayed
on the screen.

Go to the main menu for channel power measurement

[ADJUST REF LVL] Set the reference level equal to the channel power mea-
sured.

[SET CP REFERENCE] Set the measured channel power as a reference for the
subsequent measurements.

[CP/ACP ABS / REL] Select relative measurement related to the reference
power set with SET REFERENCE (result 0 dB).

[CHAN PWR / HZ] Select power measurement related to 1 Hz bandwidth
(result -60.9 dB).

[FREQ: CENTER: 805 Set the center frequency to 805 MHz. The R&S FSU mea-

MHz] sures the channel power at 1.23 MHz bandwidth and out-
puts the result in dB relative to the reference power and 1
Hz bandwidth.
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Measurement of Occupied Bandwidth

An important characteristics 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 on the R&S FSU.

OCCUPIED

BANDWIDTH OCCUP BW ON | OFF

% POWER BANDWIDTH

CHANNEL BANDWIDTH

ADJUST REF LVL

ADJUST SETTINGS

The OCCUPIED BANDWIDTH softkey activates measurement of the occupied
bandwidth according to the current configuration and opens the submenu for config-
uring the measurement. The softkey is available only in frequency domain (span >
0) and is highlighted when the measurement is switched on.

In the spectrum display mode, this measurement determines the bandwidth that
contains a predefined percentage of the power of the displayed frequency range (%
POWER BANDWIDTH softkey). The occupied bandwidth is output in the marker dis-
play field and marked on the trace by temporary markers.

* The softkey is only available in the frequency domain (span > 0).

» The measurement is performed on the trace with marker 1. In order to evaluate
another trace, marker 1 must be placed on another trace by means of SELECT
TRACE in the MARKER menu

OCCUP BW The OCCUP BW ON/OFF softkey switches measurement of the occupied band-
ON | OFF  width on or off.

Remote command: CALC:MARK:FUNC:POW:SEL OBW
CALC:MARK:FUNC:POW:RES? OBW
CALC:MARK:FUNC:POW OFF

% POWER The % POWER BANDWIDTH softkey opens the entry of the percentage of power
BANDWIDTH related to the total power in the displayed frequency range which defines the occu-
pied bandwidth (percentage of total power).

The valid range of values is 10% to 99.9%.

Remote command: SENS:POW:BWID 99PCT
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CHANNEL The CHANNEL BANDWIDTH softkey opens an input window for defining the chan-
BANDWIDTH nel bandwidth for the transmission channel. For measurements in line with a specific
transmission standard, the bandwidth specified by the standard for the transmission

channel must be entered.

The default setting is 14 kHz.

The specified channel bandwidth is used for optimization of the test parameters of
the R&S FSU with ADJUST SETTINGS.

Remote command: SENS:POW:ACH:BWID 14kHz

ADJUST REF The ADJUST REF LVL softkey adjusts the reference level of the R&S FSU to the
LVL measured total power of the signal. The softkey is activated after the first sweep with
the 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 of the R&S FSU 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 command: SENS:POW:ACH:PRES:RLEV

ADJUST The ADJUST SETTINGS softkey optimizes the instrument settings for the measure-
SETTINGS ment of the occupied bandwidth according to the specified channel bandwidth.

All instrument settings relevant for power measurement within a specific frequency
range are optimized:

» frequency span: 3 x channel bandwidth

+ resolution bandwidth: RBW < 1/40 of channel bandwidth
» video bandwidth: VBW > 3 x RBW

+ detector: RMS

The reference level is not influenced by ADJUST SETTINGS. For an optimum
dynamic range it should be selected in a way that the signal maximum is close to the
reference level.

The adjustment is carried out only once; if necessary, the instrument settings may
be changed later.

Remote command: SENS:POW:PRES OBW

Measurement principle

For example, the bandwidth containing 99% of the signal power is to be determined.
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 fre-
quency. Then the R&S FSU sums up the points from the left edge of the trace 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 fre-
quency markers is the occupied bandwidth which is displayed in the marker info
field.
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A prerequisite for correct measurement is that only the signal to be measured is vis-
ible on the screen of the R&S FSU. An additional signal would invalidate the mea-
surement.

To ensure correct power measurement especially for noise signals and to obtain the
correct occupied bandwidth, the following settings should be selected:

RBW << occupied bandwidth (approx. 1/20 of occupied bandwidth, for voice
communication type. 300 Hz or 1 kHz)
VBW >3 x RBW

Detector RMS or sample
Span >2 to 3 x occupied bandwidth

Some of the measurement specifications (e.g. PDC, RCR STD-27B) require mea-

surement of the occupied bandwidth using a peak detector. The detector setting of
the R&S FSU has to be changed accordingly then.

Example

Measurement of occupied bandwidth of a PDC signal at 800 MHz, level 0 dBm

[PRESET] Set the R&S FSU to the default setting.

[FREQ: CENTER: 800 Set the center frequency to 800 MHz.

MHZz]

[AMPT: 0 dBm] Set the reference level to 0 dBm.

[MEAS] Call the menu for the measurement functions.
[OCCUPIED Select measurement of the occupied bandwidth and open
BANDWIDTH] the submenu for configuring the measurement.

[% POWER Select 99% for the bandwidth to be measured.
BANDWIDTH: 99%]

[CHANNEL Enter the channel bandwidth of 21 kHz specified by PDC.

BANDWIDTH: 21 kHz]

[ADJUST SETTINGS]  Optimize the measurement parameters for the specified
channel bandwidth.

Allow for a complete frequency sweep so that the
R&S FSU can determine the total signal power.

[ADJUST REF LVL] Adjust the reference level to the measured signal power.
[TRACE: DETECTOR: PDC requires measurement of the occupied bandwidth
using a

DETECTOR MAX PEAK] peak detector. Therefore, switch on the peak detector
instead of the RMS detector selected by ADJUST SET-
TINGS.

4.513.4 Measurement of Signal Amplitude Statistics

Digital modulated signals are similar to white noise within the transmit channel, but
are different in their amplitude distribution. In order to transmit the modulated signal
without distortion all amplitudes of the signal have to be transmitted linearly, e.g.
from the output power amplifier. Most critical are the peak amplitude values, of
course.

Degradation in transmit quality caused by a transmitter two port network is depen-
dent on the amplitude of the peak values as well as on their probability.
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The probability of amplitude values can be measured with the APD function (Ampli-
tude Probability Distribution). During a selectable measurement time all occurring
amplitude values are assigned to an amplitude range. The number of amplitude val-
ues in the specific ranges is counted and the result is displayed as a histogram.
Each bar of the histogram represents the percentage of measured amplitudes within
the specific amplitude range.

video address_
rd

ADC RAM
voltage

write read

>| logic > CPU —>display

clock

Fig. 4.11 Simplified block diagram for APD measurement

REM 3 kHz Marker 1 [T11
B.015175410 APD
Ref -2@0 dBm AtE 20 4B SHT 650 ms -33.090 dBm OH  OFF
o1 T CODF
L o.o1 T OH OFF
-1E -
RES BU
Center 502 MHz 5 4B~ Ref -Z@0 dBm
HO OF
Amplitude Probability Distribution SANPLES
Sanples 10860
Trace 1
Nean Power -37.29 dBm SCALIHE o
Peak Paower -27.53 dBm 1
Crest Factor Q.75 dB
ADJUST
SETTIHGS
CONT
HEAS
STHGLE
SPECTRUN | SCREEH B NEAS

Fig. 4.12 Display of the amplitude probability distribution
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REH 3 kH=z Harker 1 [T11
UBH 18 kHz .213300064 APD
Ref -2@ dBm Rtk 2@ dB #2HT 6.8 = 3.0 4B o
PPN R —
. _‘_\ [ A | CCDF
18 (MO-O1 OFF
Lir-3 =]
L4E -4 P
Center 802 MHz i dBr Mean Pur + 18 4B
HD OF
Complementary Cumulative Distribution Function SANPLES

Zanples 1@0a@
Trace 1

ean Power -37.27 dB HIELE @

Peak Fower -Z7.46 dBm E ————

Crest Factor 9.808 dB

ADJUST
SETTINGS
SIHELE |
SHUTDOUH | - SCREEH B | HEAS

Fig. 4.13 Display of the complementary cumulative distribution function (CCDF)

Alternate to the histogram display of the APD the Complementary Cumulative Distri-
bution Function (CCDF) can be displayed. It shows the probability of an amplitude
exceeding a specific value.

For the APD function the x-axis is scaled in absolute values in dBm, whereas for the
CCDEF function the x-axis is scaled relative to the MEAN POWER measured.

Definitions:
Crest factor = peak voltage to rms

CCDF = complementary cumulative distribution function

During an active statistic measurement, the functions FULL SCREEN,
SPLIT SCREEN and selection of the active diagram via the SCREEN A / SCREEN
B hotkeys are disabled.
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SIGNAL
STATISTIC

APD ON | OFF

CCDF ON | OFF
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The SIGNAL STATISTIC softkey opens a submenu for measurement of signal
statistics.

APD ON | OFF

CCDF ON | OFF

PERCENT MARKER

RES BW

NO OF SAMPLES

SCALING ¢ X-AXIS REF LEVEL

X-AXIS RANGE

Y-UNIT %/ABS

Y-AXIS MAX VALUE

Y-AXIS MIN VALUE

ADJUST SETTINGS

DEFAULT SETTINGS

ADJUST SETTINGS

CONT MEAS

SINGLE MEAS

Side menu

GATED TRIGGER

GATE RANGES

In the submenu measurement of amplitude probability density (APD) and comple-
mentary cumulative distribution (CCDF) can be selected alternately. Only one of the
signal statistic functions can be switched on at a time.

In default mode all statistic functions are switched off.

With a statistic function switched on the R&S FSU is set into zero span mode auto-
matically.

The R&S FSU measures the statistics of the signal applied to the RF input with the
resolution bandwidth set. In order not to influence the peak amplitudes the video
bandwidth is automatically set to 10 times the resolution bandwidth. The sample
detector is used for detecting the video voltage.

The APD ON/OFF softkey switches on or off the amplitude probability distribution
function. When the APD function is switched on, the CCDF function is switched off
automatically.

Remote command: CALC:STAT:APD ON

The CCDF ON/OFF softkey switches on or off the complementary cumulative distri-
bution function. When the CCDF function is switched on, the APD function is
switched off automatically.

Remote command: CALC:STAT:CCDF ON
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PERCENT If the CCDF function is active, the PERCENT MARKER softkey allows to position
MARKER marker 1 by entering a probability value. Thus, the power which is exceeded with a
given probability can be determined very easily.

If marker 1 is in the switched-off state, it will be switched on automatically.

Remote command: CALC:MARK:Y:PERC 0...100%

RES BW The RES BW softkey sets the resolution bandwidth in the menu STATISTIC FUNC-
TION directly without switching to the corresponding menu (BW). The function of the
softkey is identical to the softkey RES BW MANUAL in the BW menu.

For correct measurement of the signal statistics the resolution bandwidth has to be
wider than the signal bandwidth in order to transmit the actual peaks of the signal
amplitude correctly. Video bandwidth is set to 10 MHz automatically with a statistic
function switched on.

Remote command: BAND 3 MHz

NO OF The NO OF SAMPLES softkey sets the number of power measurements taken into
SAMPLES account for the statistics.

Please note that the overall measurement time is influenced by the number of sam-
ples selected as well as by the resolution bandwidth set up for the measurement as
the resolution bandwidth directly influences the sampling rate.

Remote command: CALC:STAT:NSAM <value>

SCALING The SCALING softkey opens a submenu that allows changing the scaling parame-
ters for both the x- and the y-axis.

X-AXIS REF LEVEL

X-AXIS RANGE

Y-UNIT %/ABS

Y-AXIS MAX VALUE

Y-AXIS MIN VALUE

ADJUST SETTINGS

DEFAULT SETTINGS

X-AXIS REF  The X-AXIS REF LEVEL softkey changes the level settings of the instrument and
LEVEL sets the maximum power to be measured.

The function is identical to softkey REF LEVEL in AMPT 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 MEAN POWER measured.

Remote command: CALC:STAT:SCAL:X:RLEV <value>

X-AXIS RANGE The X-AXIS RANGE softkey changes the level range to be covered by the statistics
measurement selected.

The function is identical to softkey RANGE LOG MANUAL in AMPT menu.

Remote command: CALC:STAT:SCAL:X:RANG <value>
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Y-UNIT %/ABS  The softkey Y-UNIT %/ABS defines the scaling type on the y-axis. The default case
are the absolute probability. This can be changed to percent values. The softkeys Y-
AXIS MIN and Y-AXIS MAX are using values based on the Y-UNIT setting.

Remote command: CALC:STAT:SCAL:Y:UNIT PCT | ABS

The 0.01%, 0.1%, 1% and 10% value from the CCDF measurement are shown in
the bottom screen half. Those values can also queried via remote:

Remote command: CALC:STAT:CCDF:X? PO 01 | PO 1 |
P1 | P10

Y-AXIS MAX  The Y-AXIS MAX VALUE softkey defines the upper limit of the displayed probability
VALUE range.

Values on the y-axis are normalized which means that the maximum value is 1.0. As
the y-axis scaling has a logarithmic axis the distance between max and min value
must be at least one decade.

Remote command: CALC:STAT:SCAL:Y:UPP <value>

Y-AXIS MIN  The Y-AXIS MIN VALUE softkey defines the lower limit of the displayed probability
VALUE range.

As the y-axis scaling has a logarithmic axis the distance between max and min value
must be at least one decade. Valid values are in the range 0 < value < 1.

Remote command: CALC:STAT:SCAL:Y:LOW <value>

ADJUST The ADJUST SETTINGS softkey optimizes the level settings of the R&S FSU
SETTINGS according to the measured peak power in order to gain maximum sensitivity of the
instrument.

The level range is adjusted according to the measured difference between peak and
minimum power for APD measurement and peak and mean power for CCDF mea-
surement in order to obtain maximum power resolution.

Additionally the probability scale is adapted to the selected number of samples.
Remote command: CALC:STAT:SCAL:AUTO ONCE
DEFAULT The DEFAULT SETTINGS softkey resets the x- and y-axis scalings to their PRESET
SETTINGS 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 command: CALC:STAT:PRES

ADJUST see “ADJUST SETTINGS” on page 4.117
SETTINGS
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CONT MEAS The CONT MEAS softkey starts collecting a new sequence of sample data and cal-
culating the APD or CCDF curve depending on the selected measurement. The next
measurement is started automatically as soon as the indicated number of samples
has been reached.

Remote command: INIT:CONT ON;
INIT:IMM

SINGLE MEAS The SINGLE MEAS softkey starts collecting a new sequence of sample data and
calculating the APD or CCDF curve depending on the selected measurement. At the
beginning of the measurement previously obtained measurement results are dis-
carded.

Remote command: INIT:CONT OFF;
INIT:IMM

Hint for usage of the marker functions with measurement of signal
statistics

With the signal statistic measurement level always is displayed on x-axis. Y-axis
always is a normalized value between 0 and 1. In contrary to use of marker in fre-
quency or time domain marker is input in level values and the output is in percent-
age values.

Example

Measurement of CCDF of a IS95 BTS signal, level 0 dBm, frequency 800 MHz

[PRESET] Switch on preset settings.

[FREQ: CENTER: 800 Set center frequency to 800 MHz.

MHz]

[AMPT: 10 dBm] Set reference level to 10 dBm.

[BW: 3 MHZz] Set resolution bandwidth to 3 MHz (resolution bandwidth

shall be wider then signal bandwidth (1.25 MHz) in order
to have the complete signal within the resolution band-

width).
[MEAS] Call the menu for measurement functions.
[SIGNAL STATISTIC] Call the menu for signal statistics measurement.
[CCDF ON /OFF] Switch on measurement of the complementary cumulative

distribution function. The R&S FSU switches to zero span
mode. The power of the signal and the CCDF is calculated
for the number of samples selected. With the CCDF func-
tion sample detector and video bandwidth are set auto-

matically.

[NO OF SAMPLES: Set the number of measurement samples to 10000.

10000]

[SINGLE MEAS] Start the measurement sequence. At the end the resulting
trace will display the CCDF for the measured 10000 sam-
ples.

4.118 Operating Manual 1166.1725.12 - 08



Instrument Functions

R&S FSU
_________________________________________________________________________________________________________________________________________________|
Analyzer Mode

GATED  Statistic measurements on pulsed signals can be done using the GATED TRIGGER
TRIGGER  softkey. An external frame trigger is required as a time (frame) reference.

Input
Signal
Ext Trigger |_|
Trigger ' Period : Period : Period
Offset

T=gp Range1 Range 2
Start  Stop Start  Stop

The gate ranges define the part of the 1/Q capture data taken into account for the
statistics calculation.

These ranges are defined relative to a reference point T=0. The gate interval is
repeated every period time until the end of the I/Q capture buffer.

The reference point T=0 is defined by the external trigger event and the instrument's
trigger offset.

GATED TRIGGER activates the gating for statistics functions. The trigger source is
changed to EXTERN if this function is switched on.

The 1/Q data capturing is repeated until the configured number of valid samples is
reached. If the active gate period is outside the I/Q capture buffer or the resulting
gate time is zero the measurement will not reach its end. In this case, the range

start and stop values have to be checked.

Remote command: SWE : EGAT ON
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GATE RANGES The GATED RANGES softkey opens a table to configure up to 3 gate ranges for
each trace.

GATE RANHGES

Trace 1 Trace & Trace 3
Comment
Beriod 4.615 ma
Range 1 Start 0 us
Step 200 us
Use Range TES
Range 2 Start
BLop
Uze Range
Range 3 Start
Stop
Usze Range
Comment Comment string
Period Period of the signal to be measured
Range x Start Begin of time period to be taken into account
Range x Stop End of time period to be taken into account
Use Range YES / NO: Allows to temporarily disable a range

The timing values have full numerical resolution and are only rounded for display.

Remote command: SWE : EGAT : TRACE<1..3>:COMM
SWE : EGAT : TRACE<1..3>:STAT<1..3> ON
SWE :EGAT: TRACE<1..3>:STAR<1..3> <value>
SWE:EGAT: TRACE<1..3>:STOP<1..3> <value>
SWE : EGAT : TRACE<1..3>:PER <value>
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Gated statistics configuration example:

A statistics evaluation has to be done over the useful part of the signal between t3
and t4. The period of the GSM signal is 4.61536 ms

Ext ;—|
Trigger—+

i t
t1 2 t3 t4 5

t1 External positive trigger slope

t2 Begin of burst (after 25 ps)

t3 Begin of useful part, to be used for statistics (after 40 us)

t4 End of useful part, to be used for statistics (after 578 ps)

t5 End of burst (after 602 us)

The instrument has to be configured as follows:

Trigger Offset t2 -t1 =25 pys now the gate ranges are relative to t2
Range 1 Start t3-12=15pus start of range 1 relative to 2
Range 1 End t4 - 12 = 553 ps end of range 1 relative to t2
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4.5.13.5 Measurement of Carrier/Noise Ratio C/N and C/No

Using the carrier/noise measurement function, the R&S FSU determines the C/N
ratio which can also be shown normalized to a 1 Hz bandwidth (function C/No).

To determine the noise power, a channel at the set center frequency is examined.
The bandwidth of the channel is fixed by means of the CHANNEL BANDWIDTH
function.

The largest signal in the frequency span is the carrier. It is searched when the func-
tion is activated and is marked by means of the REFERENCE FIXED marker. The
noise power of the channel is subtracted from the signal level obtained (C/N), and in
the case of a C/No measurement it is referred to a 1 Hz bandwidth.

There are two methods for measuring the carrier/noise ratio:
1. The carrier is outside the channel examined:

In this case, it is sufficient to switch on the desired measurement function and to
set the channel bandwidth. The carrier/noise ratio is displayed on the screen.

2. The carrier is inside the channel examined:

In this case, the measurement must be performed in two steps. First, the
reference measurement is performed with the carrier being active. This is done by
switching on either the C/N or the C/No measurement and waiting for the end of
the next measurement run. Then, the carrier is switched off so that only the noise
of the test setup is active in the channel. The carrier/noise ratio is displayed after
the subsequent measurement has been completed.

The ADJUST SETTINGS function facilitates the selection of the frequency span
appropriate for the channel bandwidth: it automatically sets the SPAN to approx. 4 x
channel bandwidth.

The RMS detector is enabled when the power measurement is switched on
(TRACE-DETECTOR-RMS).

CIN/ The C/N C/NO softkey opens the submenu for configuring the carrier/noise ratio
C/NO measurement.
CIN/CINO

CHANNEL BANDWIDTH

ADJUST SETTINGS

The user can choose between measurement without (C/N) and measurement with
reference to the bandwidth (C/No). In addition, it is possible to select the bandwidth
of the channel and to adapt the span.

The measurements are only available in the frequency domain (span >0).
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C/N/ The C/N and C/NO softkeys enable and disable the measurement of the carrier/
C/NO noise ratio, the C/No measurement also being referred to a 1 Hz bandwidth.

The maximum value of the current trace is determined when the function is activated
and is marked by means of the REFERENCE FIXED marker.

The measurement is performed on the trace where MARKER 1 is located. To mea-
sure another trace, MARKER 1 has to be shifted to the trace in question using the
SELECT TRACE softkey in the MARKER menu.

If no marker is active, MARKER 1 is activated when the function is switched on.

Remote command: CALC:MARK:FUNC:POW:SEL CN
CALC:MARK:FUNC:POW:RES? CN
CALC:MARK:FUNC:POW:SEL CNO
CALC:MARK:FUNC:POW:RES? CNO
CALC:MARK:FUNC:POW OFF

CHANNEL The CHANNEL BANDWIDTH softkey opens a window for selecting the measure-
BANDWIDTH ment channel bandwidth.

The default setting is 14 kHz.

The specified channel bandwidth allows the optimal setting of the measurement
parameters of the R&S FSU using ADJUST SETTINGS.

Remote command: SENS:POW:ACH:BWID 14kHz
ADJUST The ADJUST SETTINGS softkey adapts the span to the channel bandwidth
SETTINGS selected.
For the carrier/noise ratio measurement, the span is set to:
4 x channel bandwidth + measurement margin

The adjustment is performed once; if necessary, the setting can be changed later
on.

Remote command: SENS:POW:ACH:PRES CN | CNO

Operating Manual 1166.1725.12 - 08 4.123



R&S FSU Instrument Functions

_________________________________________________________________________________________________________________________________________________|
Analyzer Mode

4.513.6 Measurement of the AM Modulation Depth

MODULATION The MODULATION DEPTH softkey switches on the measurement of the AM modu-
DEPTH lation 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 acti-
vated, 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 acti-
vated 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 data entry is activated for MARKER 3 (MARKER 1 2 3 4 softkey), the latter can
be moved for fine adjustment irrespective of MARKER 2.

The R&S FSU calculates the power at the marker positions from the measured lev-
els. The AM modulation depth is calculated from the ratio between the power values
at the reference marker and at the delta markers. When 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.

Measurement example

The AM modulation depth of a carrier modulated with 1 kHz is to be measured at

100 MHz.

[PRESET] The R&S FSU is set to the default setting.

[CENTER: 100 MHz] The center frequency is set to 100 MHz.

[SPAN: 5 kHz] The span is set to 5 kHz.

[AMPT: 0 dBm)] The reference level is set to 0 dBm.

[MKR FCTN] MARKER 1 is switched on and positioned at the maximum

of the displayed trace.

[MODULATION DEPTH: The measurement of the AM modulation depth is switched

1 kHz] on. MARKERS 2 and 3 (delta markers) are set to the adja-
cent peak values of the trace and are activated for the fre-
quency entry.

The AM modulation depth is output in % in the marker info
field.

When 1 kHz is entered, MARKER 2 can be exactly posi-
tioned on 1 kHz and MARKER 3 at -1 kHz from the refer-
ence marker.

Remote command: CALC:MARK:FUNC:MDEP ON;
CALC:MARK:FUNC:MDEP:RES?
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4.5.13.7 Measurement of the Third Order Intercept (TOI)

If several signals are applied to a transmission two port device with nonlinear char-
acteristic, 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 sig-
nals. Fig. 4.14 Intermodulation products PU1 and PU2 shows intermodulation prod-
ucts Py and P2 generated by the two useful signals Py1 and Pysa.

4 P P
Level U1 U2 N

aps

Rt 2
N

Af Af Af
>
Frequenc
i it o2 12 aneney

Fig. 4.14 Intermodulation products Py and Py

The intermodulation product at fi2 is generated by mixing the 2nd harmonic of useful
signal Py2 and signal Py1, the intermodulation product at fi1 by mixing the 2nd har-
monic of useful signal Pyq and signal Pys>.

fir =2 x fyq - fu2 (15)
fio =2 x fyz - fur (16)

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 prod-
ucts increases by 3 dB, which means that spacing ap3 between intermodulation sig-
nals and useful signals is reduced by 2 dB. This is illustrated in Fig. 4.15
Dependence of intermodulation level on useful signal level.
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Fig. 4.15 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 intermodula-
tion 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 ap3 at a
given level according to the following formula.

P3 = 3123_3+PN (17)

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

IP3 - %9 +(~20dBm) — 10dBm (18)

1
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TOI The TOI softkey enables the measurement of the 3rd order intercept point.

A two-tone signal with equal carrier levels is expected at the R&S FSU input.
MARKER 1 and MARKER 2 (both normal markers) are set to the maximum of the
two signals. MARKER 3 and MARKER 4 (both delta markers) are placed on the
intermodulation products. When the function is enabled, the frequency entry is acti-
vated for the delta markers. They can be set manually.

The R&S FSU calculates the third order intercept from the level spacing between
normal markers and delta markers and outputs it in the marker info field.

Remote command: CALC:MARK:FUNC:TOI ONj;
CALC:MARK:FUNC:TOI:RES?

Example

A two-tone signal with frequencies of 100 MHz and 101 MHz is applied to the RF
input of the R&S FSU. The level of the two signals is -10 dBm.

[PRESET] The R&S FSU is set to the default setting.

[CENTER: 100.5 MHz] The center frequency is set to 100.5 MHz.

[SPAN: 3 MHz] The span is set to 3 MHz.

[AMPT: -10 dBm] The reference level is set to -10 dBm.

[MKR FCTN] MARKER 1 is switched on and set to the signal peak.
[TO] The R&S FSU sets the 4 markers to the useful signals and

the intermodulation products and calculates the third order
intercept. The result is output in the marker info field.

SELECT The SELECT MARKER softkey activates the selection of a marker for functions
MARKER MODULATION DEPTH and TOI. Thus, the markers can be fine-adjusted for these
functions.

The markers are numerically selected in a data entry field. Delta marker 1 is
selected by entering '0'.

If the marker is in the switch-off state, it will be switched on and can thus be shifted.

Remote command: CALC:MARK1 ONj;
CALC:MARKI1:X <value>;
CALC:MARK1:Y?
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4.5.13.8 Harmonic Measurement

HARMONIC
DISTOR HARMONIC ON | OFF

NO. OF HARMONICS

HARMONIC SWEEPTIME

HARMONIC RBW AUTO

ADJUST SETTINGS

The HARMONIC DISTOR softkey opens this submenu and activates the harmonic
distortion measurement.

In the upper screen the zero span sweeps on all harmonics are shown, separated by
a grid line. This allows a very good overview about the measurement. In the lower
screen the mean RMS results are displayed in numerical values and the THD values
can be seen in the marker info field.

The resolution bandwidth will be automatically adjusted: RBW, = RBW1 * n, if that
RBW is not available the next higher value is used.

The results can be obtained via the following remote commands:

Trace read out via the normal trace subsystem. The first harmonic frequency can be
read out via the center frequency command.

THD value comma separated in % and dB:

Remote command: CALC:MARK:FUNC:HARM:DIST? TOT

Comma separated list of harmonic levels, for each harmonic one value:

Remote command: CALC:MARK:FUNC:HARM:LIST?

HARMONIC The HARMONIC ON/OFF softkey activates the harmonic distortion measurement.
ON | OFF  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.

There are 2 possible modes within the harmonic measurement. When entering the
harmonic measurement from a frequency sweep (span > 0 Hz) an automatic search
for the first harmonic is carried out within that given frequency range. Also a level
adjust will be carried out. Is the zero span mode active before entering the harmonic
measurement, the center frequency is unchanged.

Remote command: CALC:MARK:FUNC:HARM:STAT ON | OFF

The results can be obtained via the following remote commands:

Trace read out via the normal trace subsystem. The first harmonic frequency can be
read out via the center frequency command.

THD value comma separated in % and dB:

Remote command: CALC:MARK:FUNC:HARM:DIST? TOT

Comma separated list of harmonic levels, for each harmonic one value:

Remote command: CALC:MARK:FUNC:HARM:LIST?
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NO. OF With the softkey NO. OF HARMONICS the number of harmonics which shall be
HARMONICS measured can be adjusted. The range is from 1 to 26.

Remote command: CALC:MARK:FUNC:HARM:NHAR <numerical
value>

HARMONIC The HARMONIC SWEEPTIME softkey allows to set the value how long the zero
SWEEPTIME span measurement on each harmonic frequency shall take place. This is an alias
softkey to the normal sweep time of the zero span, therefore the same parser com-

mand is to be used.

HARMONIC  The softkey HARMONIC RBW AUTO disables the resolution bandwidth.

RBW AUTO
Remote command: CALC:MARK:FUNC:HARM:BAND:AUTO ON | OFF

ADJUST The ADJUST SETTINGS softkey activates the frequency search in the frequency
SETTINGS range from before starting the harmonic measurement (if harmonic measurement
was started from frequency sweep) and the level adjust.

Remote command: CALC:MARK:FUNC:HARM: PRES
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4.513.9 Measuring Spurious Emissions

All real amplifiers also generate unwanted RF products outside the assigned fre-
quency band. These spurious emissions are usually measured across a wide fre-
quency range, for example from 9 kHz to 12.75 GHz (ETSI). The analyzer settings
are specified for each frequency range.

SPURIOUS

EMISSIONS SPURIOUS ON | OFF

SWEEP LIST & EDIT SWEEP LIST

INS BEFORE RANGE

INS AFTER RANGE

DELETE RANGE

NEXT RANGES

PREVIOUS RANGES

ADJUST AXIS
START MEAS
STOP MEAS

LIST EVALUATION

IF SHIFT & IF SHIFT OFF
IF SHIFT A
IF SHIFT B
AUTO

PAGE UP / PAGE DOWN

START MEAS

STOP MEAS

Side menu

PEAK SEARCH

PEAKS PER RANGE

MARGIN

VIEW PEAK LIST & SORT BY FREQUENCY

SORT BY DELTA LIM

ASCII FILE EXPORT

DECIM SEP

PAGE UP / PAGE DOWN

In the Spurious Emissions measurement mode, the R&S FSU performs measure-
ments in predefined frequency ranges with settings that can be specified individually
for each of these ranges.

For this purpose, the SWEEP TABLE settings or the current device settings are
used. Up to 20 subranges can be defined (they need not directly follow one another)
across which the R&S FSU sweeps in subsequent order. However, the measure-

4.130 Operating Manual 1166.1725.12 - 08



R&S FSU

Instrument Functions

Analyzer Mode

ment ranges must not overlap. The measurement parameters can be selected inde-
pendently from each other in every subrange (SWEEP LIST menu, EDIT SWEEP
LIST).

Limit lines are defined and displayed irrespective of the sweep ranges, i.e. they are
not part of the sweep ranges. The unit of the limit lines is restricted to dB or dBm.

The frequency range where measurements are actually performed is set by the start
and stop frequency parameters of the R&S FSU; these parameters are independent
of the sweep ranges. It is thus possible to define sweep ranges for a measurement
task that can be stored and reloaded and to quickly and easily set the frequency
range to be actually measured by means of two parameters; complex editing in the
sweep table is not necessary.

When a limit line is defined in steps, the weaker limit is used at the frequency point
with the straight vertical section.

SPURIOUS The SPURIOUS ON/OFF softkey switches the spurious emissions measurement on
ON | OFF or off according to the current configuration.
Remote command: SWEEP:MODE LIST switches the spurious list on
SWEEP:MODE AUTO switches the spurious list off
SWEEP LIST The SWEEP LIST softkey opens a submenu where predefined sweep ranges can
be edited, or new ranges generated or deleted. A table listing the current sweep
ranges is displayed.
Remote command: -
EDIT SWEEP The EDIT SWEEP LIST softkey opens the table for editing the sweep ranges.
LIST
SWEEP LIST
RANGE 1 RANGE 2 RANGE 3 RANGE 4 [RANGE 5
Range Start 9 kHz 150 MHz 30 MHz
Range Stop 150 kHz 30 MHz 1 GHz
Filter Type NORMAL (3dB) [NORMAL (3dB) [NORMAL (3dB)
RBW 1 kHz 10 kHz 100 kHz
VBW 3 kHz 30 kHz 300 MHz
Sweep time mode AUTO AUTO AUTO
Sweep time 145 ms 300 ms 100 ms
Detector RMS RMS RMS
REF-Level -10 dBm -10 dBm -10 dBm
RF-Att. mode AUTO AUTO AUTO
RF-Attenuator 20 dB 20 dB 20 dB
PRE-AMP OFF OFF OFF
Sweep Points 501 4001 8001
Stop after sweep |OFF OFF OFF
Transd. factor <NONE> <NONE> <NONE>
Limit check ON ON ON
Limit -13 dBm -13 dBm -13 dBm
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In the SWEEP LIST table, the individual sweep ranges are set.

Range Start: Start frequency of the range

Range Stop: Stop frequency of the range

Filter Type: NORMAL (3dB), EMI (6dB), CHANNEL, RRC

RBW: Resolution filter bandwidth

VBW: Video filter bandwidth

VBW: Video filter bandwidth; not applicable for CHANNEL and RRC
filters

Sweep Time Mode: AUTO, MANUAL

Sweep Time: Sweep time; if AUTO is indicated for the sweep time mode, the

automatically calculated sweep time is displayed. If the cell is
edited, the associated sweep time mode is automatically set to

MANUAL.

Detector: Specifies the range detector:
AUTO PEAK, MAX PEAK, MIN PEAK, SAMPLE, RMS, AVER-
AGE

REF-Level: Reference level in dBm

The upper edge of the displayed screen area is the value of
the maximum reference level, corrected by the associated
transducer factor.

RF-Attenuator-Mode: AUTO, MANUAL
RF-Attenuator: Number; as with Sweep Time

PRE-AMP: ON, OFF
preamplifier selection (options B23, B25, if available)

Sweep Points: Number of sweep points per range (sweep segment). The
maximum number of sweep points is 8001.

Stop after Sweep: ON, OFF
if ON, the sweep is stopped after the range and continued only
if confirmed by you via a message box (bit 10 of the “STATus:
OPERation Register” on page 5.25).

Transd. factor: NONE or factor (enter via selection list)
Limit check: ON, OFF (common for all ranges)
Limit: Limit in dBm (enter via selection list)

A temporary limit line _SPUL_IN_is used, based on the range
limits. This temporary limit line is created at measurement start
and may be copied for other purposes.

Remote command: SENS:LIST:RANG<1..20>:..

INS BEFORE The INS BEFORE RANGE softkey inserts a range in front of the marked line.

RANGE
Remote command: -

INS AFTER The INS AFTER RANGE softkey inserts a range following the marked line.

RANGE
Remote command: -
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DELETE The DELETE RANGE softkey deletes the current range. All higher ranges are set
RANGE back by one.

Remote command: LIST:RANGe<1..20>:DELete

NEXT RANGES The NEXT RANGES softkey activates the displays of the next higher subranges, i.e.
6to 10, 11 to 15 or 16 to 20.

Remote command: -—

PREVIOUS The PREVIOUS RANGES softkey activates the displays of the next lower sub-
RANGES ranges, i.e. 1t05,6to 10 or 11 to 15.

Remote command: -—

ADJUST AXIS The ADJUST AXIS softkey automatically adjusts the frequency axis of measure-
ment diagram so that the start frequency matches the start frequency of the first
sweep range, and the stop frequency of the last sweep range.

Remote command: -
(via FREQuency:STARt <num value>/
FREQuency:STOP <num_value>)

START MEAS  Using the START MEAS softkey, you can start the measurement while the submenu
is simultaneously exited.

When the measurement is started, the R&S FSU sets up the measurement diagram
in the selected measurement window and starts the measurement in the selected
mode.

With SINGLE, a single frequency sweep occurs; afterwards the R&S FSU remains
on the stop frequency.

With CONTINUOUS, the measurement continues until it is stopped.
You can stop the measurement with STOP SWEEP.

If a STOP AFTER SWEEP point has been defined in the range, the sweep stops
automatically at the end of the respective range to allow you to change the external
circuitry, for example. This is indicated in a message box:

SWEEP Range# reached CONTINUE/BREAK

If CONTINUE is selected, the sweep is continued in the next range. If BREAK is
selected, the sweep is stopped.

Remote command: INIT:SPUR starts the measurement
INIT:CONM starts the measurement after a BREAK
has been reached
ABORt stops the measurement after a range has been
reached

STOP MEAS The STOP MEAS softkey stops the measurement. The measurement data can be
analyzed.

Remote command: ABORt
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PEAKS PER
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The LIST EVALUATION softkey activates or deactivates the spurious emission mea-
surement LIST EVALUATION. The peak search evaluation is automatically done
during measurement and the results are displayed in a table in the lower part of the
screen.

Following results are listed:

» frequency range

» frequency of the absolute peak power in this range in dBm
+ level delta to the limit with margin in dB

+ limit check state (by color change and an asterisk at the end of the line if failed)

®

Ref -10 dBm

ILINE SPULIN

--20
AT T II’
[ [3%TT T i
- -40
|- -60
--70
WMIM g oA BA ML st Aser M, AR
-90
sPUEM | _, oo
Start 1 MHz 199.9 MHz/ Stop 2 GHz
Start Stop RBW Freq PwrAbs ALimit
[HZ] [Hz] [HZz] [HZz] [dBm] [dB]
1.000 M 30.000 M 10.00 k 1.011600 M -83.22 -47.22
30.000 M 1.000 G 100.00 k 999.321000 M -40.80 -22.80
1.000 G 2.000 G 1.00 M 1.000933 G -35.32 0.68 *

If LIST EVALUATION is switched on, the functions PEAKS PER RANGE, MARGIN,
PEAK SEARCH and VIEW PEAK LIST are not available.

Remote command: CALC1:PEAK:AUTO ON | OFF

See “STOP MEAS” on page 4.133.
See “START MEAS” on page 4.133.

The PEAK SEARCH softkey starts the process of determining the list of the sub-
range maximums from the existing sweep results. This procedure can be repeated
as often as desired, e.g. to experiment with the various threshold settings.

It is activated only after a measurement has been performed with START MEAS.

Remote command: CALC:PEAK

The PEAKS PER RANGE softkey activates entry of the number of peaks per range
that are stored in the list. The value range extends from 1 to 50. 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 default value is 25.

Remote command: CALC:PEAK:SUBR 1...50
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MARGIN  The MARGIN softkey activates entry of the margin, i.e. the acceptance threshold for
determining the peak list. The limit line is shifted by this value when the maximums
are determined. The value range extends from -200 dB to 200 dB. The default value
is 6 dB.

Remote command: CALC:PEAK:MARG -200dB...200dB

VIEW PEAK  The VIEW PEAK LIST softkey opens the submenu for viewing the peak list.

LIST It is activated for display only after a PEAK search has been performed with PEAK
SEARCH.

VIEW PEAK LIST

TRACE / Detector FREQUENCY LEVEL dBm DELTA LIMIT dB

1 RMS 80.0000 MHz |-36.02 -5.02

1 RMS 80.0001 MHz |-30.07 +0.24

1 RMS 85.1234 MHz |-30.02 -0.02

1 AVERAGE 130.234 MHz |-29.12 -5.12

If no limit check is active, a delta limit of +200dB is listed.

Remote command: TRACe? SPURious

SORT BY The SORT BY FREQUENCY softkey sorts the table according to the entries in the
FREQUENCY FREQUENCY column in descending order.

Remote command: -—

SORT BY The SORT BY DELTA LIM softkey sorts the table according to the entries in the
DELTALIM DELTA LIM column (default) in descending order. If no limit line has been specified,
an offset of 200 dB is assumed for all peaks.

Remote command: -—

ASCII FILE The ASCII FILE EXPORT softkey stores the peak list in ASCII format to a file on a
EXPORT memory stick or a floppy disk.

The file has a header containing important parameters for scaling, several data sec-
tions containing the sweep settings per range and a data section containing the
peak list.

The header data is made up of three columns, separated by ';":

parameter name; numeric value; base unit
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Table 4-1  Example: ASCII export table - file header

File contents

Explanation

Type;R&S FSU;

Model

Version;3.90;

Firmware version

Date;02.Aug 2006;

Storage date of data set

Mode;ANALYZER; SPURIOUS;

Operating mode of the device

Start;9000.000000;Hz
Stop;8000000000.000000;Hz

Start/stop of the span
Unit: Hz

x-Axis;LIN;

Linear (LIN) or logarithmic (LOG) (future feature)
scaling of the x-axis

Sweep Count;1;

Selected number of sweeps

The data section for the measurement values starts with the key word "TRACE <n>:
", where <n> includes the number of the used trace. Next comes the peak list with

several columns also separated by ';'.

Table 4-2  Example: ASCII export table - file data section

File contents

Explanation

TRACE 1:

Selected trace

Trace Mode;CLR/WRITE;

Display mode of trace:
CLR/WRITE,AVERAGE,MAX HOLD,MIN HOLD,
VIEW, BLANK

x-Unit;Hz;

Unit of x values:

y-Unit;dBm;

Unit of y values:

Margin;6.000000:s

Peak List margin

Values;8;

Number of measurement points

1;1548807257.5999999000;- Measurement values:

65.602280;-5.602280

1;1587207214.4000001000;-
65.327530;-5.327530

1,2112006624.0000000000;-
4.388008;55.611992

<Trace>;<x value>; <y value>;<delta limit>

Spreadsheet programs such as MS Excel can read this format. Use ';' as the delim-
iter for the table cells.

Different language versions of evaluation programs may require different handling
of the decimal point. Using the DECIM SEP softkey, you can thus choose between
the delimiters ".' (decimal point) and ',' (comma).

Remote command: MMEM:STOR:SPUR, 'F:\TEST.ASC"
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DECIM SEP In the case of floating-point numbers, use the DECIM SEP softkey to select between
"' (decimal point) and ',' (comma) as the decimal delimiter for the ASCIl FILE
EXPORT function.

By selecting the decimal delimiter, various language versions of evaluation pro-
grams (e.g. MS Excel) are supported.

Remote command: FORM:DEXP:DSEP POIN

PAGE UP/ Using PAGE UP and PAGE DOWN, you can scroll forward and backward through
PAGE DOWN the peak list pages.

They are active only as long as a peak list is displayed.
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4.6 Basic Settings

4.6.1

In this section, the general settings, printout, and instrument settings are described
in detail.

Setup of Limit Lines and Display Lines — LINES Key

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
unit under test (UUT). For transmission of information in TDMA (e.g. GSM), the
amplitude of the bursts in a timeslot must adhere to a curve which must fall 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 used simultaneously and activated in the split-
screen mode either in Screen A, Screen B or in the two windows. The number of
limit lines stored in the instrument is only limited by the capacity of the flash disk
used.

For each limit line, the following characteristics must be defined:

« The name of the limit line. The limit line data are stored under this name and can
be examined in the table LIMIT LINES.

« The domain in which the limit line is to be used. Here, a distinction is made
between the time domain (span = 0 Hz) and the frequency domain (span > 0 Hz).

» The reference of the interpolation points to the x-axis. The limit line may be
specified either for absolute frequencies or times or for frequencies which are
related to the set center frequency and times related to the time on the left edge
of the diagram.

» The reference of the interpolation points to the y-axis. The limit line can be
selected either for absolute levels or voltages or referred to the set maximum level
(Ref Lvl). The position on the display depends on the REF LEVEL POSITION.

+ With relative reference values for the y-axis, it is possible to enter an absolute
threshold (THRESHOLD) which lowers the relative limit values (see below).

+ The type of limit line (upper or lower limit). With this information and the active limit
checking function (Table LIMIT LINES, LIMIT CHECK ON, the R&S FSU checks
for compliance with each limit.

* The limit line units to be used. The units of the limit line must be compatible with
the level axis in the active measurement window.

* The measurement curve (trace) to which the limit line is assigned. For the
R&S FSU, this defines the curve to which the limit is to be applied when several
traces are simultaneously displayed.

» For each limit line, a margin can be defined which serves as a threshold for
automatic evaluation.

* In addition, commentary can be written for each limit line, e.g. a description of the
application.

Operating Manual 1166.1725.12 - 08



R&S FSU

Instrument Functions

46.1.1

LINES

Basic Settings

Display lines 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 automati-
cally whether the marked level values have been underranged or exceeded.

Selection of Limit Lines

The LINES key opens the menu for fixing the limit lines and the display lines.

SELECT LIMIT LINE

EDIT LIMIT LINE / NAME

NEW LIMIT LINE &
VALUES
INSERT VALUE
DELETE VALUE

SHIFT X LIMIT LINE

SHIFT Y LIMIT LINE

SAVE LIMIT LINE

COPY LIMIT LINE

DELETE LIMIT LINE

X OFFSET

Y OFFSET

DISPLAY LINES ¥ DISPLAY LINE 1/
DISPLAY LINE 2

FREQUENCY LINE 1/
FREQUENCY LINE 2

TIME LINE 1/
TIME LINE 2
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SELECTED LIMIT LIME
Mame GSMFAUR w—Fmis: LTM
Domain: FREQUEMCY w—Scallng: AESOLUTE
dnit: dBm U—Zcaling: AB=0LUTE
Limit: LUPFER
Comment: GNP Transient Spectrum Upper Limit

LIMIT LINES

NAME COMPATIELE  LIMIT CHECK  TRACE HMARGTN
JGSMSEAUF v 0.008 db
LPAGHZ v 2 0.008 db
NFSTG 3 0.008 o

Center 4 GH=z BEAA MHz~ Span 8 GHz

The SELECTED LIMIT LINE display field provides information concerning the char-
acteristics of the marked limit lines.

In the LIMIT LINES table, the limit lines compatible to the settings of the active
screen can be enabled.

New limit lines can be specified and edited in the NEW LIMIT LINE and EDIT LIMIT
LINE submenus, respectively.

The horizontal and vertical lines of the DISPLAY LINES submenu mark individual
levels or frequencies (span > 0) or times (span = 0) in the diagram.

The SELECTED LIMIT LINE table provides information about the characteristics of
the marked limit line:

Name name

Domain frequency or time
Unit vertical scale
X-Axis interpolation
Limit upper/lower limit

X-Scaling absolute or relative frequencies/times
Y-Scaling absolute or relative Y units

Threshold  absolute limit with relative Y units
Comment  commentary

The characteristics of the limit line are set in the EDIT LIMIT LINE (=NEW LIMIT
LINE) submenu.
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SELECT LIMIT  The SELECT LIMIT LINE softkey activates the LIMIT LINES table and the selection
LINE bar jumps to the uppermost name in the table.

The following information is offered in the columns of the table:
Name Enable the limit line.

Compatible Indicates if the limit line is compatible with the measurement
window of the given trace.

Limit Check Activate automatic violation check for upper/lower limits.
Trace Select the measurement curve to which the limit is assigned.
Margin Define margin.

Name and Compatible - Enabling limit lines

A maximum of 8 limit lines can be enabled at any one time. In split screen mode,
they may be assigned to screen A, screen B or to both screens. A check mark at the
left edge of a cell indicates that this limit line is enabled.

A limit line can only be enabled when it has a check mark in the Compatible column,
i.e. only when the horizontal display (time or frequency) and vertical scales are iden-
tical to those of the display in the measurement window.

Lines with the unit dB are compatible to all dB(..) settings of the y-axis.

If the scale of the y-axis or the domain (frequency or time axis) are changed, all non-
compatible limit lines are automatically switched off in order to avoid misinterpreta-
tion. The limit lines must be enabled anew when the original display is re-displayed.

Remote command: CALC:LIM3:NAME "GSM1"
CALC:LIM3:UPP:STAT ON
CALC:LIM4:LOW:STAT ON

Limit Check - Activate automatic limit violation check

When LIMIT CHECK ON is activated, a GO/NOGO test is performed in the active
screen. In the center of the diagram, a display window appears which indicates the
results of the limit check test:

LIMIT CHECK: PASSED No violations of active limits.

LIMIT CHECK: FAILED One or more active limit lines were violated. The
message contains the names of the limit lines
which were violated or whose margins were not
complied with.

LIMIT CHECK: MARGIN  The margin of at least one active limit lines was
not complied with, however, no limit line was vio-
lated. The message contains the names of the
limit lines whose margins were not complied with.

The following example shows two active limit lines:

LIMIT CHECK: FAILED

LINE VHF MASK: Failed
LINE UHF2MASK: Margin

A check for violations of limit lines takes place only if the limit line of the assigned
measurement curve (trace) is enabled.
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If LIM CHECK is set to OFF for all active limit lines, then the limit line check is not
executed and the display window is activated.

Remote command: CALC:LIM:STAT ON
INIT; *WAT
CALC:LIM:FAIL?

Trace - Select the measurement curve to which the limit line is assigned.

The selection of the measurement curve (trace) takes place in an entry window.
Allowed are the integer entries 1, 2 or 3. The default setting is trace 1. If the selected
limit line is not compatible with the assigned measurement curve, then the limit line
is disabled (display and limit check).

Remote command: CALC:LIM:TRAC 1
NEW LIMIT See following section “Entry and Editing of Limit Lines” on page 4.143.
LINE
EDIT LIMIT See following section “Entry and Editing of Limit Lines” on page 4.143.
LINE
COPY LIMIT The COPY LIMIT LINE softkey copies the data file describing the marked limit line
LINE and saves it under a new name. In this way, a new limit line can be easily generated

by parallel translation or editing of an existing limit line. The name can be arbitrarily
chosen and input via an entry window (max. of 8 characters).

Remote command: CALC:LIM3:COPY 2
or
CALC:LIM3:COPY "GSM2"

DELETE LIMIT The DELETE LIMIT LINE softkey erases the selected limit line. Before deletion, a

LINE message appears requesting confirmation.
Remote command: CALC:LIM3:DEL
X OFFSET The X OFFSET softkey horizontally shifts a limit line, which has been specified for

relative frequencies or times (x-axis). The softkey opens an entry window, where the
value for shifting may be entered numerically or via the rotary knob.

This softkey does not have any effect on limit lines that represent absolute values
for the x-axis.

Remote command: CALC:LIM3:CONT:0OFFS 10kHz

4.142 Operating Manual 1166.1725.12 - 08



R&S FSU Instrument Functions

_________________________________________________________________________________________________________________________________________________|
Basic Settings

Y OFFSET The Y OFFSET softkey vertically shifts a limit line, which has relative values for the
y-axis (levels or linear units such as volt). The softkey opens an entry window where
the value for shifting may be entered numerically or via the rotary knob.

This softkey does not have any effect on limit lines that represent absolute values
for the y-axis.

Remote command: CALC:LIM3:LOW:0FFS 3dB
CALC:LIM3:UPP:0FFS 3dB

4.6.1.2 Entry and Editing of Limit Lines

REW 3 MHz
EDTT LIMIT LINE TRELE
Mame : LFP1GHZ
Domain: FREQUEMCY
Uit dBm
m—flxiz: LIM
w—acaling: ABES0OLUTE
i L —Scaling: ABSOLUTE
UFPER
48 4B
Threshold:
Comment: Lowpass at 1 GHz
Freguency LIMITAdBm
0.2008 Hz -10 . BA2a
1.8008 GHz -10 . BA2a
1.801 GHz —70 . Baaa
3.008 GHz —70 . Baaa

EMTER o edit field

Start @ Hz 208 MHz~
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A limit line is characterized by

* its name

» the assignment of domain (frequency or time)

» the scaling in absolute or relative times or frequencies
» the vertical unit

» the interpolation

« the vertical scaling

+ the vertical threshold (only with relative vertical scaling)
« the margin

+ the definition of the limit line as either upper or lower limit.
+ the data points for frequency/time and level.

At the time of entry, the R&S FSU immediately checks that all limit lines are in accor-
dance with certain guidelines. These guidelines must be observed if specified oper-
ation is to be guaranteed.

» The frequencies/times for each data point must be entered in ascending order,
however, for any single frequency/time, two data points may be input (vertical
segment of a limit line).

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.

+ The entered frequencies/times need not necessarily be selectable in R&S FSU. A
limit line may also exceed the specified frequency or time domains. The minimum
frequency for a data point is -200 GHz, the maximum frequency is 200 GHz. For
the time domain representation, negative times may also be entered. The valid
range is -1000 s to +1000 s.

*  The minimum/maximum value for a limit line is -200 dB to +200 dB for the
logarithmic or 10-20 to 10*20 or -99.9% to + 999.9% for the linear amplitude scales.

EDIT LIMIT NANE

LINE /

NEW LIMIT LIN VALUES

E INSERT VALUE
DELETE VALUE

SHIFT X LIMIT LINE

SHIFT Y LIMIT LINE

SAVE LIMIT LINE

The EDIT LIMIT LINE and NEW LIMIT LINE softkeys both call the EDIT LIMIT LINE
submenu used for editing limit lines. In the table heading, the characteristics of the
limit line can be entered. The data points for frequency/time and level values are
entered in the columns.
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Name Enter name.
Domain Select domain.
Unit Select units.
X-Axis Select interpolation
Limit Select upper and lower limit value.
X-Scaling Entry of absolute or relative values for the x-axis
Y-Scaling Entry of absolute or relative values for the y-axis
Margin Entry of margin.
Threshold Entry of vertical threshold (only with relative vertical
scaling)
Comment Enter comments.
Time/Frequency Enter time/frequency for the data points.
Limit/dBm Enter magnitudes for the data points.

Domain, unit, X scaling and Y scaling cannot be modified as soon as reference
values have been entered in the data section of the table.

NAME The NAME softkey enables the entry of characteristics in the table heading.

Name - Enter name

A maximum of 8 characters is permitted for each name. All names must be compat-
ible with the MS DOS conventions for file names. The instrument stores all limit lines
with the .LIM extension.

Remote command: CALC:LIM3:NAME "GSM1"

Domain - Select time or frequency domain

The default setting is frequency.

A change in domain (frequency/time) is only permitted when the data point table is
empty.

Remote command: CALC:LIM3:CONT:DOM FREQ

X-Axis - Select interpolation

Linear or logarithmic interpolation can be carried out between the frequency refer-
ence points of the table. The ENTER key toggles between LIN and LOG selection.

Remote command: CALC:LIM3:CONT:SPAC LIN
CALC:LIM3:UPP:SPAC LIN
CALC:LIM3:LOW:SPAC LIN
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Scaling - selection of absolute or relative scaling

The limit line can either be scaled in absolute (frequency or time) or relative units.
Any of the unit keys may be used to toggle between ABSOLUTE and RELATIVE,
the cursor must be positioned in the X Scaling

or the Y Scaling line.

X-Scaling ABSOLUTE  The frequencies or times are interpreted as absolute
physical units.

X-Scaling RELATIVE In the data point table, the frequencies are referred to the
currently set center frequency. In time domain mode, the
left boundary of the diagram constitutes the reference.

Y-Scaling ABSOLUTE The limit values refer to absolute levels or voltages.

Y-Scaling RELATIVE The limit values refer to the reference level (Ref Level) or,
in case a reference line is set, to the reference line.

Limit values with the unit dB are always relative values.

The RELATIVE scaling is always suitable, if masks for bursts are to be defined in the
time domain, or if masks for modulated signals are required in the frequency
domain.

An X offset with half the sweep time may be entered in order to shift the mask in the
time domain into the center of screen.

Remote command: CALC:LIM3:CONT:MODE ABS
CALC:LIM3:UPP:MODE ABS
CALC:LIM3:LOW:MODE ABS

Unit - Select the vertical scale units for the limit line
The selection of units takes place in a selection box. The default setting is dBm.

Remote command: CALC:LIM3:UNIT DBM

Limit - Select upper/lower limit
A limit line can be defined as either an upper or lower limit.

Remote command: -- (defined by key words :UPPer or :LOWer)

Margin - Setting a margin.

The margin is defined as the signal-level distance to the limit line. When the limit line
is defined as an upper limit, the margin means that the level is below the limit line.
When the limit line is defined as a lower limit, the margin means that the level is
above the limit line. The default setting is 0 dB (i.e. no margin).

Remote command: CALC:LIM3:UPP:MARG 10dB
CALC:LIM3:LOW:MARG 10dB

Threshold — Selection of the threshold value with relative Y scaling

With relative Y scaling, an absolute threshold value can be defined which lowers the
relative limit values. The function is useful especially 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.
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Example:
RBN 300 Hz Marker [T1]
VBN 3 KHz —28.4 dBn
Ref 20 dBm Att 10 B SAT 100 ms 200.0100 MHz
"““'.. / resulting limjt
.'.. absolute threshdld
I IYYYYYY) |‘|‘ h‘lm ..Oooooooo XXX XXXX|
Mm relative limit line
Center 200 MHz 10 kHz/ Span 100 kHz
The preset value is at -200 dBm. The field is displayed if the value RELATIVE is
entered in the field Y-SCALING.
Remote command: CALC:LIM3:UPP:THR -30 dBm
or
CALC:LIM3:LOW:THR -30 dBm
Comment - Enter comments
Comments are arbitrary, however, they must be less than 41 characters long.
Remote command: CALC:LIM3:COMM "Upper limit"
VALUES The VALUES softkey activates the entry of the data points in the table columns
TimelFrequency and Limit/dB. Which table columns appear depends upon the
Domain selection in the table heading.
The desired frequency/time data points are entered in ascending order (two
repeated frequencies/time values are permitted).
Remote command: CALC:LIM3:CONT:DATA 1MHz, 3MHz, 30MHz
CALC:LIM3:UPP:DATA -10,0,0
CALC:LIM3:LOW:DATA -30,-40,-40
INSERT VALUE The INSERT VALUE softkey creates an empty line above the current cursor position
where a new data point may be entered. However, during the entry of new values, it
is necessary to observe an ascending order for frequency/time.
Remote command: -—
DELETE VALUE The DELETE VALUE softkey erases the data point (complete line) at the cursor
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SHIFT X LIMIT  The SHIFT X LIMIT LINE softkey calls an entry window where the complete limit line
LINE may be shifted parallel in the horizontal direction.

The shift takes place according to the horizontal scale:
— in the frequency domain in Hz, kHz, MHz or GHz
— in the time domain in ns, ys, ms or s

In this manner, a new limit line can be easily generated based upon an existing limit
line which has been shifted horizontally and stored (SAVE LIMIT LINE softkey)
under a new name (NAME softkey).

Remote command: CALC:LIM3:CONT:SHIF 50KHz

SHIFT Y LIMIT  The SHIFT Y LIMIT LINE softkey calls an entry window where the complete limit line
LINE may be shifted parallel in the vertical direction.

The shift takes place according to the vertical scale:
— for logarithmic units, relative, in dB
— for linear units, as a factor

In this manner, a new limit line can be easily generated based upon an existing limit
line which has been shifted vertically and stored (SAVE LIMIT LINE softkey) under a
new name (NAME softkey).

Remote command: CALC:LIM3:CONT:UPP:SHIF 20dB
CALC:LIM3:CONT:LOW:SHIF 20dB

SAVE LIMIT  The SAVE LIMIT LINE softkey stores the currently edited limit line. The name can be
LINE entered in an input window (max. 8 characters)

Remote command: --
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4.6.1.3 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.

The R&S FSU provides two different types of display lines:
» two horizontal level lines for marking levels — Display Line 1/2,

» two vertical frequency or time lines for marking frequencies or points in time —
Frequency/Time Line 1/2.

Each line is identified by one of the following abbreviations:
D1 Display Line 1

D2 Display Line 2

F1 Frequency Line 1

F2 Frequency Line 2

T Time Line 1

T2 Time Line 2

The level lines are continuous horizontal lines across the entire width of a diagram
and can be shifted in y direction.

The frequency or time lines are continuous vertical lines across the entire height of
the diagram and can be shifted in x direction.

The DISPLAY LINES submenu for activating and setting the display lines appears
different depending on the display mode set in the active measurement window (fre-
quency or time domain).

If the spectrum is shown (span = 0) the TIME LINE 1 and TIME LINE 2 softkeys are
disabled, whereas in the time domain (span = 0) the FREQUENCY LINE 1 and
FREQUENCY LINE 2 softkeys are not available.

Working with display lines

The softkeys for setting and switching the display lines on/off work like triple
switches:

Initial situation: The line is off (softkey with gray background)

1st press: The line is switched on (softkey with red background) and the data input
function is activated. The position of the display line can be selected by means of
the rotary knob, the step keys or a numerical entry in the appropriate field. The data
input function is disabled if another function is activated. The line, however, remains
switched on (softkey with green background).

2nd press: The line is switched off (softkey with gray background).
Initial situation: The line is on (softkey with green background)

1st press: The data input function is activated (softkey with red background). The
position of the display line can be selected by means of the rotary knob, the step
keys or a numerical entry in the appropriate field. The data input function is disabled
if another function is activated. The line, however, remains switched on (softkey with
green background).

2nd press: The line is switched off (softkey with gray background).
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DISPLAY

LINES DISPLAY LINE 1/

DISPLAY LINE 2

FREQUENCY LINE 1/
FREQUENCY LINE 2

TIME LINE 1/
TIME LINE 2

DISPLAY LINE The DISPLAY LINE 1/2 softkeys enable or disable the level lines and allow the user
1/ to enter the position of the lines.

DISPLAY LINE 2 The level lines mark the selected level in the measurement window.

These softkeys are only available in the time domain (span = 0).

Remote command: CALC:DLIN:STAT ON
CALC:DLIN -20dBm

FREQUENCY The FREQUENCY LINE 1/2 softkeys enable or disable the frequency lines 1/2 and
LINE 1/  allow the user to enter the position of the lines.
FREQUENCY LI

NE 2 The frequency lines mark the selected frequencies in the measurement window.

These softkeys are only available in the frequency domain (span > 0).

Remote command: CALC:FLIN:STAT ON
CALC:FLIN 120MHz

TIME LINE 1/ The TIME LINE 1/2 softkeys enable or disable the time lines 1/2 and allow the user
TIME LINE 2  to enter the position of the lines.

The time lines mark the selected times or define search ranges (see section “Marker
Functions — MKR FCTN Key” on page 4.65).

The two softkeys cannot be used in the frequency domain (span > 0).

Remote command: CALC:TLIN:STAT ON
CALC:TLIN 10ms
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4.6.2 Configuration of Screen Display — DISP Key

The DISPLAY menu allows the configuration of the diagram display on the screen
and also the selection of the display elements and colors. The POWER SAVE mode
is also configured in this menu for the display.

The test results are displayed on the screen of the R&S FSU either in a full-screen
window or in two overlapping windows. The two windows are called diagram A and
diagram B.

In the default setting, the two windows are completely decoupled from each other,
i.e. they behave like two separate instruments. This is very useful, for example with
harmonics measurements or measurements on frequency-converting DUTs, since
the input signal and the output signal lie in different frequency ranges.

However, specific settings of the two windows (reference level, center frequency)
can be coupled, if required, so that with CENTER B = MARKER A for example, the
shift of the marker in diagram A causes the frequency range (zoomed in some
cases) to be shifted along diagram B.

New settings are performed in the diagram selected via SCREEN A or SCREEN B
hotkey. If only one window is displayed, it is the diagram in which the measurements
are performed; the diagram not displayed is not active for measurements.

REW 1 MHz Marker 1 [T1]
VB 18 MH=z -13.84 dBm FULL
Ref -1@ dBm AEE 20 4B SUT 1 ms ZA7.000000 L= SCREEH
o T FOLER [fT13 —
F-2a FERAF. T30 dBm
| . 3 ]l 4LC £ JE. SPLIT
MEAM -15.2% dE
@ " SCREEH
__I:a —_—
=
-7
e REF LEVEL
100 COUPLED
Center 935.2 MHz 100 p=s
REW 30 kHz
VBL  10@ kHz
Ref -1@8 dBEm ALt 2@ 4B SHT 5 ms

--20 CENTER B
B = NARKER A
-5 CENTER A
60 = HARKER B
70

) ._I_ 11174 | | 1 1

Center 935.2 MHz 36@ kHz, Span 3.6 MHz COHFIG
SPECTRUN | SCREEN B | DISPLAY &

Fig. 4.16 Typical split-screen display, settings are uncoupled

The DISP key opens the menu for configuring the screen display and selecting the
active diagram in SPLIT SCREEN mode.
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DISP
FULL SCREEN

SPLIT SCREEN

REF LEVEL COUPLED

CENTER B = MARKER A |
CENTER A = MARKER B

CONFIG DISPLAY & SCREEN TITLE

TIME+DATE ON/OFF

LOGO ON/OFF

ANNOTATION ON/OFF

DATA ENTRY OPAQUE

DEFAULT COLORS 1/
DEFAULT COLORS 2

DISPLAY PWR SAVE

Side menu

SELECT OBJECT

BRIGHTNESS

TINT

SATURATION

PREDEFINED COLORS

FULL SCREEN The FULL SCREEN softkey selects the display of one diagram. This corresponds to
the default setting of R&S FSU.

In the FULL SCREEN mode, it is possible to switch between two different device
settings by selecting the active window (screen A or screen B).

Switching between SCREEN A and SCREEN B is performed by means of the corre-
sponding key in the hotkey bar (for details refer to “Mode Selection — Hotkey Bar” on
page 4.7).

It should be noted that the measurements in the FULL SCREEN mode are per-
formed only in the visible (active) window.

The active window is marked by | A" or| B | on the right of the diagram.

Remote command: DISP:FORM SING
DISP:WIND<1 |2>:SEL

SPLIT The SPLIT SCREEN softkey selects the display of two diagrams. The upper dia-
SCREEN gram is designated SCREEN A, the lower diagram SCREEN B.

Switching between SCREEN A and SCREEN B is performed via the corresponding
key in the hotkey bar. The active window is marked by highlighting fields| A | and
B on the right of the diagram.

Remote command: DISP:FORM SPL
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REF LEVEL The REF LEVEL COUPLED softkey switches the coupling of the reference level on
COUPLED and off. In addition to the reference level, the mixer level and input attenuation are

coupled with one another.

For the level measurement, the same reference level and input attenuation must be
set for the two diagrams.

Remote command: INST:COUP RLEV
CENTER B = The CENTER B = MARKER A and CENTER A = MARKER B softkeys couple the
MARKER A | center frequency in diagram B with the frequency of marker 1 in diagram A and the
CENTER A = center frequency in diagram B with the frequency of marker 1 in diagram B. The two
MARKER B softkeys are mutually exclusive.

This coupling is useful, e.g. for viewing the signal at the marker position in diagram
A with higher frequency resolution or in the time domain in diagram B.

If marker 1 is off, it is switched on and set to the maximum of the trace in the active

diagram.
Remote command: INST:COUP CF B
INST:COUP CF A
CONFIG SCREEN TITLE
DISPLAY
TIME+DATE ON/OFF
LOGO ON/OFF

ANNOTATION ON/OFF

DATA ENTRY OPAQUE

DEFAULT COLORS 1/
DEFAULT COLORS 2

DISPLAY PWR SAVE

Side menu

SELECT OBJECT

BRIGHTNESS

TINT

SATURATION

PREDEFINED COLORS

The CONFIG DISPLAY softkey opens a submenu allowing additional display items
to be added to the screen. In addition, the display power-save mode (DISPLAY
PWR SAVE softkey) and the colors of the display elements can be set here.

SCREEN TITLE The SCREEN TITLE softkey activates the entry of a title for the active diagram A or
B. It switches on or off a title that is already input. The length of the title is limited to
max. 20 characters.

Remote command: DISP:WIND1:TEXT 'Noise Meas'
DISP:WIND1:TEXT:STATe ON
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TIME+DATE The TIME+DATE ON/OFF softkey switches on or off the display of date and time
ON/OFF  above the diagram.

Remote command: DISP:TIME OFF

LOGO ON/OFF The LOGO ON/OFF softkey switches the Rohde & Schwarz company logo dis-
played in the upper left corner of the display screen on or off.

Remote command: DISP:LOGO ON

ANNOTATION The ANNOTATION ON/OFF softkey switches the displaying of frequency informa-
ON/OFF tion on the screen on and off.

* ON: Frequency information is displayed.

» OFF: Frequency information is not outputted to the display. This can be used for
example to protect confidential data.

Remote command: DISP:ANN:FREQ ON

DATA ENTRY The DATA ENTRY OPAQUE softkey sets the data entry windows to opaque. This
OPAQUE means that entry windows are underlaid with the background color for tables.

Remote command: -—

DEFAULT The DEFAULT COLORS 1/2 softkeys restores the default settings for brightness,
COLORS 1/ color tint and color saturation for all display screen elements.
DEFAULT COL

ORS 2 The color schemes have been selected to give optimum visibility of all picture ele-

ments at an angle of vision from above or below. DEFAULT COLORS 1 is active in
the default setting of the instrument.

Remote command: DISP:CMAP:DEF1
DISP:CMAP:DEF2

DISPLAY PWR The DISPLAY PWR SAVE softkey is used to switch on/off the power-save mode for
SAVE the display and to enter the time for the power-save function to respond. After the
elapse of this time the display is completely switched off, i.e. including backlighting.

This mode is recommended for saving the TFT display especially when the instru-
ment is exclusively operated in remote control.

The power-save mode is configured as follows:

» The first keystroke activates the power-save mode and opens the editor for the
response time. The response time is entered in minutes between 1 and 6 minutes
and is confirmed by ENTER.

* The power-save mode is deactivated by pressing the key again.

On leaving the menu with the power-save mode in the activated state, the softkey is
highlighted in color on returning to the menu and opens again the editor for the
response time. Pressing again the key switches off the power-save mode.

Remote command: DISP:PSAV ON
DISP:PSAV:HOLD 15
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SELECT The SELECT OBJECT softkey activates the SELECT DISPLAY OBJECT table, with

OBJECT which a graphics element can be selected. After selection, the brightness, tint and
saturation of the selected element can be changed using the softkeys of the same
name. The color changes by means of the PREDEFINED COLORS softkey can be
seen immediately on the display screen.

SELECT DISPLAY OBJECT

v Background
Grid
Function field + status field + data entry text
Function field LED on
Function field LED warn
Enhancement label text
Status field background
Trace 1
Trace 3
Marker
Lines
Measurement status + limit check pass
Limit check fail
Table + softkey text
Table + softkey background
Table selected field text
Table selected field background
Table + data entry field opag titlebar
Data entry field opag text
Data entry field opag background
3D shade bright part
3D shade dark part
Softkey state on
Softkey state data entry

T.ArA

BRIGHTNESS The BRIGHTNESS softkey activates entry of the brightness of the selected graphics
element.

Values between 0 and 100% can be entered.

Remote command: DISP:CMAP3:HSL< hue>,<sat>,<lum>

TINT The TINT softkey activates the entry of the color tint of the selected element. The
entered value is related to a continuous color spectrum ranging from red (0%) to
blue (100%).

Remote command: DISP:CMAP3:HSL <hue>,<sat>,<lum>

SATURATION The SATURATION softkey activates the entry of the color saturation for the selected
element.

The range of inputs is from 0 to 100%.

Remote command: DISP:CMAP3:HSL <hue>,<sat>,<lum>
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PREDEFINED The PREDEFINED COLORS softkey activates a table, with which the predefined
COLORS colors for the display screen elements can be selected.

IIIIIIHHEHHIIIIII

v BLACK
BLUE
BROWN
GREEN
CYAN
RED
MAGENTA

YELLOW

WHITE

GRAY

LIGHT GRAY
LIGHT BLUE
LIGHT GREEN
LIGHT CYAN
LIGHT RED
LIGHT MAGENTA

Remote command: DISP:CMAPl to 26:PDEF <color>
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4.6.3 Instrument Setup and Interface Configuration — SETUP Key

SETUP

The SETUP key opens the menu for configuration of the R&S FSU:

REFERENCE INT / EXT

NOISE SRC ON/OFF

PREAMP

TRANSDUCER ¥

TRANSDUCER FACTOR

NEW FACTOR /
EDIT TRD FACTOR ¥

TRD FACTOR NAME

TRD FACTOR UNIT

TRD FACTOR VALUES

INSERT LINE

DELETE LINE

SAVE TRD FACTOR

DELETE FACTOR

REFLVL ADJ AUTO MAN

PAGE UP

PAGE DOWN

GENERAL SETUP &

GPB ¥

GPIB ADDRESS

ID STRING FACTORY

ID STRING USER

GPIB LANGUAGE

IF GAIN NORM/PULS

SWEEP REP ON/OFF

COM INTERFACE

TIME+DATE

CONFIGURE NETWORK

COMPUTER NAME

IP ADDRESS

SUBNET MASK

DHCP ON | OFF

CONFIGURE NETWORK

SHOW CONFIG
NETWORK LOGIN
OPTIONS & INSTALL OPTION
REMOVE OPTION
Side menu

SOFT FRONTPANEL

Lx1 &

DISPLAY ON/OFF
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LCI

SYSTEM INFO &

HARDWARE INFO

STATISTICS

SYSTEM MESSAGES

CLEAR ALL MESSAGES

SERVICE ¢

INPUT RF

INPUT CAL

SELFTEST

SELFTEST RESULTS

ENTER PASSWORD

1. Side menu

CAL GEN 128 MHZ

CAL GEN COMB PULSE

2. side menu

COMMAND TRACKING

Side menu

FIRMWARE UPDATE {

FIRMWARE UPDATE

RESTORE FIRMWARE

UPDATE PATH

OPEN START MENU

FM DEMOD ANALOG ¥

POWER METER

IF SHIFT &

IF SHIFT OFF

IF SHIFT A

IF SHIFT B

AUTO
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The following settings can be modified here:

» The REFERENCE INT/EXT softkey determines the source of the reference. For
details refer to section “External Reference” on page 4.159.

» The NOISE SRC ON/OFF softkey switches on and off the voltage supply for an
external noise source. For details refer to section “External Noise Source” on
page 4.160.

» The PREAMP softkey switches on the RF preamplifier gain. This softkey is only
available with option EL. ATTENUATOR (B25). For details refer to section “RF
Preamplifier” on page 4.160.

» The TRANSDUCER softkey opens a submenu for entering the correction
characteristics for transducers. For details refer to section “TRANSDUCER” on
page 4.161.

* The GENERAL SETUP softkey opens a submenu for all the general settings such
as GPIB address, date and time as well as the configuration of the device
interfaces. FIRMWARE OPTIONS can be installed under this menu item. For
details refer to section “GENERAL SETUP” on page 4.168.

» The SYSTEM INFO softkey opens a submenu for displaying the hardware
configuration of the instrument, the switching cycle statistics and system
messages. For details refer to section “SYSTEM INFO” on page 4.181.

» The SERVICE softkey opens a submenu in which special device functions and
system information can be selected for servicing. The password required for
service functions can be entered in this submenu. For details refer to section
“SERVICE” on page 4.184.

* The FIRMWARE UPDATE opens a submenu to update the firmware version, to
restore the firmware and to update the firmware path. For details refer to section
“Firmware Update” on page 4.187.

» The IF SHIFT softkey opens a submenu to activate or deactivate 1st IF shifting.
For details refer to “IF SHIFT” on page 4.188.

» The SERVICE FUNCTIONS softkey enables additional special settings for
servicing and troubleshooting. It is available after entering the corresponding
password under the SERVICE softkey.

4.6.3.1 External Reference

The R&S FSU can use the internal reference source or an external reference source
as frequency standard from which all internal oscillators are derived. A 10 MHz crys-
tal oscillator is used as internal reference source. In the default setting (internal ref-
erence), this frequency is available as output signal at rear-panel connector REF
OUT, e.g. to synchronize other instruments to the reference of the R&S FSU.

In the setting REFERENCE EXT, the connector REF IN is used as input connector
for an external frequency standard. In this case all internal oscillators of the
R&S FSU are synchronized to the external reference frequency.
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The REFERENCE INT / EXT softkey switches between the internal and external ref-
erence.

If the external reference is selected, also the frequency of the external reference is
adjustable between 1 MHz and 20 MHz. The default value is 10 MHz.

These reference settings are not changed if a preset occurs to maintain the specific
setup of a test system.

If the reference signal is missing when switching to external reference, the EXREF
message appears after a while to indicate that there is no synchronization.

When switching to internal reference ensure that the external reference signal is
deactivated to avoid interactions with the internal reference signal.

4.6.3.2

NOISE SRC
ON/OFF

4.6.3.3

PREAMP

Remote command: ROSC:SOUR INT
ROSC:EXT:FREQ <numeric value>

Remote command:

External Noise Source

The NOISE SRC ON/OFF softkey switches on or off the supply voltage for an exter-
nal noise source which is connected to the NOISE SOURCE connector on the rear
panel of the instrument.

Remote command: DIAG:SERV:NSO ON

RF Preamplifier

To improve the noise figure, a low-noise preamplifier with variable gain at the RF
input can be switched into the signal path.

The PREAMP softkey switches the preamplifier on or off and activates the entry of
the preamplifier gain. The preamplifier is switched off by pressing the softkey again.

The only possible value with option el. attenuator (B25) is 20 dB.

Remote command: INP:GAIN:STAT ON
'Switches the 20 dB preamplifier on.

The PREAMP softkey is only available with option el. attenuator (B25) or option
low noise preamp (B24).

4.160
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4.6.3.4 Transducer

Activating Transducer Factors

The TRANSDUCER softkey opens a submenu enabling the user to activate or deac-
tivate defined transducer factors, to generate new transducer factors or to edit exist-
ing ones. A table with the transducer factors defined is displayed.

As soon as a transducer is activated, the unit of the transducer is automatically used
for all the level settings and outputs. The unit cannot be changed in the AMPT menu
since the R&S FSU and the transducer used are regarded as one measuring instru-
ment. Only if the transducer has the unit dB, will the unit originally set on the
R&S FSU be maintained and can be changed.

If a transducer factor is active, the remark TDF appears in the enhancement labels
column.

After all transducers have been switched off, the R&S FSU returns to the unit that
was used before a transducer was activated.

In the analyzer mode, an active transducer for a sweep is calculated once in
advance for every point displayed and is added to the result of the level measure-
ment during the sweep. If the sweep range changes, the correction values are cal-
culated again. If several measured values are combined, only one value is taken
into consideration.

If the active transducer factor is not defined for the entire sweep range, the values
missing are replaced by zeroes.

TRANSDUCER The TRANSDUCER softkey opens a submenu for editing existing transducer factor
and sets or creating new transducer factor and sets.

TRANSDUCER FACTOR

NEW FACTOR / TRD FACTOR NAME
EDIT TRD FACTOR &

TRD FACTOR UNIT

TRD FACTOR VALUES

INSERT LINE

DELETE LINE

SAVE TRD FACTOR

DELETE FACTOR

REFLVL ADJ AUTO MAN

PAGE UP

PAGE DOWN

A table with the available factors is displayed, and the active transducer can be
selected from this list.
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TRANSDUCER FACTOR

Name Unit
V' Cable_ 1 dB
HK1l1l6 dBuV/m
HL223 dBuV/m

The TRANSDUCER FACTOR table contains all the defined factors with name and
unit. If the number of transducer factors defined exceeds the number of lines avail-
able in the table, the user has to scroll through the table.

Only one factor at a time can be activated. A check sign next to the name indicates
that the transducer is active.

TRANSDUCER The TRANSDUCER FACTOR softkey places the scrollbar on the position of the
FACTOR active transducer factor.

If a transducer factor is not active, the scrollbar is placed on the first line of the table.

Remote command: CORR:TRAN:SEL <name>
CORR:TRAN ON | OFF

EDIT TRD The EDIT TRD FACTOR softkey gives access to the submenu for editing and gener-
FACTOR ating transducer factors. For details refer to section “Entry and Editing of Transducer
Factors” on page 4.163.

NEW FACTOR The NEW FACTOR softkey gives access to the submenu for editing and generating
transducer factors. For details refer to section “Entry and Editing of Transducer Fac-
tors” on page 4.163.

DELETE The DELETE FACTOR softkey deletes the marked factor.

FACTOR To prevent deletion by mistake, deletion has to be confirmed.

MES=AGE
Do you really want to delete this
factar?

- wes ] HO

Remote command: CORR:TRAN DEL
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REFLVL ADJ  When a transducer factor is used, the trace is moved by a calculated shift. However,
AUTO MAN  an upward shift reduces the dynamic range for the displayed values. With the soft-
key REFLVL ADJ an automatic reference level offset adaptation allows to restore
the original dynamic range by also shifting the reference level by the maximum

value of the transducer factor.

Remote command: CORR:TRAN:ADJ:RLEV ON | OFF

The remote commands CORR:TRAN:ADJ:RLEV Or CORR:TRAN:ADJ:RLEV
have to be sent prior to this command.

PAGE UP  The PAGE UP softkey is used to scroll through large tables that cannot completely
be displayed on the screen.

PAGE DOWN The PAGE DOWN softkey is used to scroll through large tables that cannot com-
pletely be displayed on the screen.

Entry and Editing of Transducer Factors
A transducer factor is characterized by the following:

» Reference values with frequency and factor (Values)
» Unit of the factor (Unit) and
* Name (Name) to distinguish the various factors.

During entry the R&S FSU checks the transducer factor for compliance with specific
rules that must be met to ensure correct operation.

» The frequencies for the reference values must always be entered in ascending
order. Otherwise the entry will not be accepted and the following message is
displayed:

WRONG FREQUENCY SEQUENCE !

» The frequencies entered may exceed the frequency range of the R&S FSU since
only the set frequency range is taken into account for measurements. The
minimum frequency of a reference value is 0 Hz, the maximum frequency
200 GHz.

» The value range for the transducer factor is £200 dB. If the minimum or maximum
value is exceeded, the R&S FSU outputs the following message:

out of range

» Gain has to be entered as a negative value, and attenuation as a positive value.

The softkeys in the UNIT submenu of the AMPT key cannot be operated if the
transducer is on.
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The NEW FACTOR and EDIT TRD FACTOR softkeys give access to the submenu
for editing and generating transducer factors.

TRD FACTOR NAME

TRD FACTOR UNIT

TRD FACTOR VALUES

INSERT LINE

DELETE LINE

SAVE TRD FACTOR

Vame/Unit/Interpolation: | Cable dB LIN
comment:
FREQUENCY TDF/dB. . FREQUENCY TDF/dB. .
1.0000000 MHz 1.000
1.0000000 GHz 5.500

Depending on the softkey selected, either the table with the data of the factor
marked (EDIT TRD FACTOR softkey) or an empty table (NEW FACTOR softkey) is
displayed. This table is empty except for the following entries:

Unit: dB

Interpolation: LIN for linear frequency scaling
LOG for logarithmic frequency scaling

The features of the factor are entered in the header of the table, and the frequency
and the transducer factor are entered in the columns.

Name Entry of name

Unit Selection of unit
Interpolation Selection of interpolation
Comment Entry of comment

FREQUENCY Entry of frequency of reference values
TDF/dB Entry of transducer factor.

During editing, a transducer factor remains stored in the background until the factor

edited is saved with the SAVE TRD FACTOR softkey or until the table is closed. A
factor that was edited by mistake can be restored by leaving the entry function.
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Name - Entry of name

A maximum of 8 characters is permissible for the name. The characters have to
comply with the convention of DOS file names. If the name exceeds 8 characters,
the name is truncated. The unit automatically stores all transducer factors with the
extension .TDF. If an existing name is changed, the factor stored under the previous
name is retained and will not be overwritten automatically with the new name. The
previous factor can be deleted at a later time, using DELETE. Thus, factors can be
copied.

Remote command: CORR:TRAN:SEL <name>

Unit — Selection of unit

The unit of the transducer factor is selected from a selection box activated by the
ENTER key. The default setting is dB.

FACTOR UNIT

dB
dBm
dBpVv
dBuv/m
dBuA
dBpA/m
v depw
dBpT

Remote command: CORR:TRAN:UNIT <string>

Interpolation - Selection of interpolation

Linear or logarithmic interpolation can be performed between the frequency refer-
ence values of the table. The ENTER key allows the user to select LIN or LOG (tog-
gle function).

Remote command: CORR:TRAN:SCAL LIN|LOG

The following diagrams show the effect that interpolation has on the calculated
trace:

Fig. 4.17 Linear frequency axis and linear interpolation
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Fig. 4.18 Logarithmic frequency axis and interpolation

Comment - Entry of comment
Any comment with a maximum length of 50 characters can be entered.

Remote command: CORR:TRAN:COMM <string>

TRD FACTOR The TRD FACTOR NAME softkey is used to enter the name of the transducer factor.
NAME The name may consist of a maximum of 8 characters that have to comply with the
conventions for DOS file names. If the name exceeds 8 characters, the name is
truncated. The instrument automatically adds the .TDF extension to all transducer

factors that are saved.

If an existing name is changed, the factor stored under the previous name is main-
tained and is not automatically overwritten by the new version. The old factor can be
deleted later on using the DELETE function. This makes it possible to copy factors.

Remote command: CORR:TRAN:SEL <name>

TRD FACTOR The TRD FACTOR UNIT softkey gives access to a box for selecting the unit of the
UNIT  transducer factor

FACTOR UNIT

dB
dBm
dBuVv
dBuv/m
dBpA
dBuA/m
v depw
dBpT

The default setting is dB.

Remote command: CORR:TRAN:UNIT <string>

TRD FACTOR The TRD FACTOR VALUES softkey sets the scrollbar on the first reference value.
VALUES The desired reference values for FREQUENCY and TDF/dB must be entered in
ascending order of frequencies. After the frequency has been entered, the scrollbar

automatically goes to the associated level value.

The table can be edited after entry of the first value using the INSERT LINE and
DELETE LINE softkeys. To change individual values later on, the value has to be
selected and a new one entered.

Remote command: CORR:TRAN:DATA <freg>,<level>
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INSERT LINE  The INSERT LINE softkey inserts an empty line above the marked reference value.
When entering a new reference value in the line, the ascending order of frequencies
must be taken into consideration, however.

Remote command: -—

DELETE LINE The DELETE LINE softkey deletes the marked reference value (complete line). The
reference values that follow move one line up.

Remote command: --

SAVE TRD The SAVE TRD FACTOR softkey saves the changed table in a file on the internal
FACTOR hard disk.

If there is already a transducer factor that has the same name, a confirmation query
is output.

If the new factor is active, the new values become immediately valid.
Remote command: —_—

(executed automatically after the definition of the
reference values)

4.6.3.5 Programming the Interface Configuration and Time Setup

The GENERAL SETUP softkey opens a submenu in which the general instrument
parameters can be set up. In addition to the configuration of the digital interfaces
(IECBUS, COM), the date and time may be entered.

The current settings are displayed in tabular form on the display screen where they
may be edited.
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SETUP

GPIB

GPIB ADDRESS

ID STRING
FACTORY

ID STRING
USER

4.168

Basic Settings

GPIB & GPIB ADDRESS

ID STRING FACTORY

ID STRING USER

GPIB LANGUAGE

IF GAIN NORM/PULS

SWEEP REP ON/OFF

COUPLING FSP/HP

COM INTERFACE

TIME+DATE

CONFIGURE
NETWORK

COMPUTER NAME

IP ADDRESS

SUBNET MASK

DHCP ON | OFF
CONFIGURE
NETWORK
SHOW CONFIG
NETWORK LOGIN
OPTIONS ¥ INSTALL OPTION
REMOVE OPTION
Side menu

SOFT FRONTPANEL

Lxi & DISPLAY ON/OFF

LCI

Selecting the GPIB Address

The GPIB softkey opens a submenu for setting the parameters of the remote-control
interface.

Remote command: -
The GPIB ADDRESS softkey enables the entry of the GPIB address.
Valid addresses are 0 through 30. The default address is 20.

Remote command: SYST:COMM:GPIB:ADDR 20

The ID STRING FACTORY softkey selects the default response to the *IDN? query.

Remote command: -—

The ID STRING USER softkey opens an editor for entering a user-defined response
to the *IDN? query.
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Max. length of output string: 36 characters

Remote command: -—

GPIB The GPIB LANGUAGE softkey opens a list of selectable remote-control languages:
LANGUAGE SCP

+ 71100C

« 71200C

+ 71209A

+ 8560E

+ 8561E

+ 8562E

+ 8563E

+ 8564E

+ 8565E

+ 8566A

+ 8566B

+ 8568A

+ 8568A_DC
+ 8568B

+ 8568B_DC
+ 8591E

+ 8594E

For 8566A/B, 8568A/B and 8594E, command sets A and B are available. Com-
mand sets A and B differ in the rules regarding the command structure.

Selecting a language different from "SCPI" will set the GPIB address to 18 if it was
20 before.

Start / stop frequency, reference level and # of sweep points will be adapted to the
selected instrument model.

8568A_DC and 8568B_DC are using DC input coupling as default if it is supported
by the instrument.

The HP model 8591E is compatible to HP model 8594E, the HP models 71100C,
71200C, and 71209A are compatible to HP models 8566A/B.

On switching between remote-control languages, the following settings or changes
will be made:

SCPI:

O The instrument will perform a PRESET.
8566A/B, 8568A/B, 8594E:

O The instrument will perform a PRESET.
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O The following instrument settings will then be changed:
Model # of Trace Start Freq. | Stop Freq. Ref Level | Input
Points Coupling
8566A/B 1001 2 GHz 22 GHz 0 dBm DC
8568A/B 1001 0 Hz 1.5 GHz 0 dBm AC
8560E 601 0 Hz 2.9 GHz 0 dBm AC
8561E 601 0 Hz 6.5 GHz 0 dBm AC
8562E 601 0Hz 13.2 GHz 0 dBm AC
8563E 601 0Hz 26.5 GHz 0 dBm AC
8564E 601 0 Hz 40 GHz 0 dBm AC
8565E 601 0 Hz 50 GHz 0 dBm AC
8594E 401 0 Hz 3 GHz 0dBm AC

Notes regarding switch over to 8566A/B and 8568A/B on R&S FSUP

« Switch-hitter of the "# of Trace Points" will not take place until the instrument is
switched to the REMOTE mode. For manual operation (selected with LOCAL
softkey), the number of sweep points (trace points) will always be set to 1251.

» The stop frequency indicated in the table may be limited to the corresponding
frequency of the R&S FSU, if required.

Remote command: SYST:LANG "SCPI" | "8560E"™ |
"8561E" | "8562E"™ | "8563E" |
"8564E" | "8565E"™ | "8566A" |
"8566B" | "8568A" | "8568A DC" |
"8568B" | "8568B DC" | "8591E" |
"8594E" | "71100C™ | "71200C" |
"71209A"

IF GAIN NORM/  The IF GAIN NORM/PULS softkey configures the internal IF gain settings in HP
PULS emulation mode due to the application needs. This setting is only taken into account
for resolution bandwidth < 300 kHz.

NORM Optimized for high dynamic range,
overload limit is close to reference level.

PULS Optimized for pulsed signals,
overload limit up to 10 dB above reference level.

This softkey is only available, if a HP languge is selected via the GPIB LANGUAGE
softkey.

Remote command: SYST:IFG:MODE PULS
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SWEEP REP The SWEEP REP ON/OFF softkey controls a repeated sweep of the E1 and MKPK
ON/OFF  H1 HP model commands (for details on the commands refer to “GPIB Commands of
HP Models 856xE, 8566A/B, 8568A/B and 8594E” on page 6.238). If the repeated

sweep is OFF, the marker is set without sweeping before.

In single sweep mode, switch off this softkey before you set the marker via the E1
and MKPK HI commands in order to avoid sweeping afresh.

This softkey is only available, if a HP languge is selected via the GPIB LANGUAGE
softkey.

Remote command: SYST:RSW ON

COUPLING The COUPLING FSP/HP softkey controls the default coupling ratios for:

FSP/HP span and resolution bandwidth (Span/RBW) and
+ resolution bandwidth and video bandwidth (RBW/VBW)
for the HP emulation mode.
In case of FSP the standard parameter coupling of the instrument is used. As a
result in most cases a shorter sweeptime is used than in case of HP.
The softkey is only available in HP emulation mode.
Remote command: SYST:HPC FSP
Serial Interface Configuration

COM The COM INTERFACE softkey activates the COM INTERFACE table for entry of the
INTERFACE serial interface parameters.

The following parameters can be configured in the table:
Baud rate data transmission rate
Bits number of data bits
Parity bit parity check
Stop bits number of stop bits
HW-Handshake hardware handshake protocol
SW-Handshake software handshake protocol
Owner assignment to the measuring instrument or computer
Boud
Bits a2
Paritu HOHE
Stopbits z

HW-Handshake HONE
SW-Handshake HONE
Ouner IHETRUMENT
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Baud - Data transmission rate

The R&S FSU supports baud rates between 110 and 19200 baud. The default set-
ting is 9600 baud.

Remote command: SYST:COMM: SER:BAUD 9600

Bits — Number of data bits per word

For the transmission of text without special characters, 7 bits are adequate. For
binary data as well as for text with special characters, 8 bits must be selected
(default setting).

Remote command: SYST:COMM: SER:BITS 7

Parity — Bit parity check

NONE no parity check (default setting)
EVEN even parity check
OoDD odd parity check

PARITY

+MHOME

EUEHN
oD

Remote command: SYST:COMM: SER: PAR NONE

Stop bits — Number of stop bits
Available are 1 and 2. The default setting is 1 stop bit.

STOPBITE

Remote command: SYST:COMM:SER:SBIT 1
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HW-Handshake — Hardware handshake protocol

The integrity of data transmission can be improved by the use of a hardware hand-
shake mechanism, which effectively prevents uncontrolled transmission of data and
the resulting loss of data bytes. For hardware handshake additional interface lines
are used to transmit acknowledge signals with which the data transmission can be
controlled and, if necessary, stopped until the receiver is ready to receive data
again.

A prerequisite for using hardware handshaking is, however, that the interface lines
(DTR and RTS) are connected on both transmitter and receiver. For a simple 3-wire
connection, this is not the case and hardware handshake cannot be used here.

Default setting is NONE.

DTRARTS

Remote command: SYST:COMM: SER:CONT:DTR OFF
SYST:COMM: SER:CONT:RTS OFF

SW-Handshake — Software handshake protocol

Besides the hardware handshake mechanism using interface lines, it is also possi-
ble to achieve the same effect by using a software handshake protocol. Here, con-
trol bytes are transmitted in addition to the normal data bytes. These control bytes
can be used, as necessary, to stop data transmission until the receiver is ready to
receive data again.

In contrast to hardware handshaking, software handshaking can be realized even
for a simple 3-wire connection.

One limitation is, however, that software handshaking cannot be used for the trans-
mission of binary data, since the control characters XON and XOFF require bit com-
binations that are also used for binary data transmission.

Default setting is NONE.

SH_HAKDEHAK

ZHONE "

HOMe HOFF

Remote command: SYST:COMM: SER: PACE NONE
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Owner — Assignment of the interface

The serial interface can be assigned alternatively to the measuring instrument sec-
tion or to the computer section.

If the interface is assigned to one section of the instrument, it is not available to the
other section.

INSTRUMENT  The interface is assigned to the measuring instrument section.
Outputs to the interface from the computer section are not possi-
ble will get lost.

0s The interface is assigned to the computer section. It cannot be
used by the measuring instrument section. This means that
remote control of the instrument via the interface is not possible.

Remote command: -
Setting Date and Time

TIME+DATE The TIME+DATE softkey activates the entry of time and date for the internal real-
time clock.

TINE AHD DATE
Time : 2B
Date 11 NMARE Z0@Z

Time - Input of time

In the corresponding dialog box, the time is partitioned into two input fields so that
hours and minutes can be entered independently.

Remote command: SYST:TIME 21,59
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Date - Input of Date

In the corresponding dialog box, the date is partitioned into 3 input fields so that day,
month and year can be input separately.

For the selection of the month, pressing a unit key opens a list of abbreviations
wherein the desired month can be selected.

ronTH
AN
FEE
AFR
MAY
JUN
U
AlE
SEF
acT
HOLU
DEC

Remote command: SYST:DATE 1999,10,01

Configuration of Network Settings

The instrument can be connected to an Ethernet LAN (local area network) by means
of the LAN Interface. This allows data transmission via the network and the use of
network printers. The network card is able to handle both 10 MHz Ethernet IEEE
802.3 and 100 MHz Ethernet IEEE 802.3u.

For more details see the Quick Start Guide 1, “LAN Interface”.

CONFIGURE The CONFIGURE NETWORK softkey opens the following submenu:
NETWORK

COMPUTER NAME

IP ADDRESS

SUBNET MASK

DHCP ON | OFF

CONFIGURE
NETWORK

SHOW CONFIG

The Network Configuration softkeys above are available since firmware Version
4.3x.

Instruments shipped with Windows XP Service Pack1 require an additional instal-
lation package (LXI installer) if the softkeys are not visible. This installation pack-
age is available on the R&S instrument's download area.

The configuration via softkeys is only possible if the LAN is connected to the
instrument.
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COMPUTER The COMPUTERNAME softkey opens a dialog to enter the computer name. The
NAME naming conventions of Windows apply.

For more details see the Quick Start Guide 1, “LAN Interface”.

IP ADDRESS The IP ADDRESS softkey opens a dialog to configure the instrument's IP address.
The TCP/IP protocol is preinstalled with the IP address 10.0.0.10. If the DHCP
server is available (DHCP ON) the softkey is not available.

For more details see the Quick Start Guide 1, “LAN Interface”.

SUBNET MASK The SUBNET MASK softkey opens a dialog to configure the instrument's TCP/IP
subnet mask. The TCP/IP protocol is preinstalled with the subnet mask
255.255.255.0.

The subnet mask consists of four number blocks separated by dots. Each block con-
tain 3 numbers in maximum (e.g.100.100.100.100), but also one ore two numbers
are allowed in a block (as an example see the preinstalled address).

For more details see the Quick Start Guide 1, “LAN Interface”.

DHCP ON | OFF If the DHCP softkey is set ON, a new IP address is assigned each time the instru-
ment is restarted. This address must first be determined on the instrument itself.

To avoid problems, use a fixed IP address.

Using a DHCP server is not suitable for remote operation of the R&S FSU.

CONFIGURE The CONFIGURE NETWORK softkey opens the dialog box with the network set-
NETWORK tings.

[ Network Connections

b r ﬁy
B wetwork Convections

LAN or High-Speed Internet

M Local Area Conmection LaM or High-Speed Inter...  Enabled Intel{R) PR
Wizard

Wizard
4 Wizard

*

The softkey is used to modify an existing network configuration after the correspond-
ing tabs are selected (see the Quick Start Guide 1, “LAN Interface”).

1 —
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A PC keyboard with trackball (or mouse instead) is required for the installation/
configuration of the network support.

SHOW CONFIG

NETWORK
LOGIN

Remote command: -—

The SHOW CONFIG softkey shows the current network configuration.

METWORK ADAFTER — COMFIGURATION

The NETWORK LOGIN softkey opens the dialog box with the auto login settings.

Metwork Login |

Laain M amne:

Fazzward: Iinstrument

¥ ko Login

] I Cancel |

When a network is installed, the preset user name 'Instrument' and the password
'instrument’ can be adapted to a new user (see the Quick Start Guide 1, “LAN Inter-
face”.).

With the 'Auto Login' option active, an automatic registration is performed during
booting with the specified user name and password. Otherwise the Windows XP
login request is displayed during booting.

A PC keyboard with trackball (or mouse instead) is required for the installation/
configuration of the network support.

Remote command: -—
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Enabling Firmware Options

The OPTIONS softkey opens a submenu that allows license keys for firmware
options to be entered. Previously installed options are displayed in a table that
opens automatically.

Remote command: *QPT?

OPTIONS
INSTALL OPTION

REMOVE OPTION

INSTALL The INSTALL OPTION softkey opens the data entry for the license keycode of a
OPTION firmware option.

On entry of a valid license key the message OPTION KEY OK is displayed in the
status line and the firmware option appears in table FIRMWARE OPTIONS.

On entry of an invalid license key the message OPTION KEY INVALID is displayed
in the status line.

Remote command: -=

REMOVE The REMOVE OPTION softkey removes all firmware options from the instruments.
OPTION  Execution of this function must be confirmed in a message box in order to avoid
removal of the firmware options by mistake.

Remote command: -
Emulation of the Instrument Front Panel

SOFT The SOFT FRONTPANEL softkey switches the display of the front panel keys on
FRONTPANEL  and off.

When the front-panel keys are displayed on the screen, the instrument can be con-
trolled by clicking the respective button with the mouse. This is especially useful
when the instrument in a different site is controlled via a remote-control program,
such as, for instance, the remote desktop of Windows XP, and the screen contents
are transferred to the controller via remote link (see the Quick Start Guide 1, “LAN
Interface”).
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Analyzer Screen

#REU 1 kHz
#UBH 1@ kHz i
ALt 3@ dB #EHT 1 = SPAN ANPT

PRESET i ‘ HKR
NKR I m<n->| i

GHz
-dBm

! i
Y A AT = ﬂrﬂﬂuﬁm.n

L to ST
NI o A Kz
Center §34.99 MHz 15.28@5 kHzr Span 152.8@5 kHz

Tx Channel

Fouwer -8.83 dBn Banduidth 25 kHz

HHz
dBm

Adiacent Channel
Lower -24.71 dBc Eanduidth 25 kHz
Upper -24.37 dBc Spacing 30 kHz

Alternate Channel
Lower -66.18 dBc Banduidth 25 kHz
Upper -E6.44 dBc Spacing E@ kHz

Display resolution

When the display of the front-panel keys is switched on, the screen resolution of the
instrument changes to 1024x768 pixels. Only a section of the total screen is then
displayed on the LC display, which will automatically be shifted on mouse moves.

In order to obtain a complete display of the user interface, an external monitor is to
be plugged into the corresponding connector at the rear panel. Prior to performing
the resolution change the user is prompted for confirmation whether the required
monitor is connected.

Switching off the front-panel display restores the original screen resolution.

Key assignment

Button labels largely correspond to those of the front-panel keys. The rotation func-
tion of the rotary knob is assigned to the 'KNOB LEFT' and 'KNOB RIGHT" buttons,
the press function (<ENTER>) to 'KNOB PRESS'.

The labels of the softkey buttons (F1 to F9) and of the hotkey buttons (C-F1 to C-F7)
indicate that the keys can be operated directly by means of the corresponding func-
tion keys F1 to F9 or <CTRL>F1 to <CTRL>F7 of a PS/2 keyboard.

Remote command: SYST:DISP:FPAN ON
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LXI Class C Functionality
The LXI menu offers functions for LXI Class C.

This menu is only available, if the LXI package is installed and activated (see “LXI
Installation” on page 4.180).

LXI
DISPLAY ON/OFF

LCI

DISPLAY ON/  The DISPLAY ON/OFF softkey switches the LXI Observer dialog box on or off.
OFF

LXI Observer

Q

LClI  The LCI softkey executes the LAN Configuration Initialize (LCI).

LXI Installation

The LXI Class C support package is pre-installed, if the analyzer is shipped with ver-
sion 4.1x or newer. In the Windows Start menu, an LX/ entry is displayed.

The installation of the LXI Class C Support Package requires an external keyboard
and/or a mouse.
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To install the LXI Class C Support Package, do the following:
1. Download the installer file from the R&S download area.

2. Open the Windows Start menu (Windows key or CTRL+ESC key combination)
and start the Windows Explorer.

3. Create the sub directory D:\LXI, if this directory does not exist.
4. Copy the installer file to this directory via LAN or USB stick.
5. Start the installation by double-clicking the MSI file.

LXI Activation

After the successful packet installation, the LXI support has to be activated:

1. Connect the analyzer to the LAN.

2. Select the Windows Start menu (Windows key or CTRL+ESC key combination).
3. Select LXI.
4

. Select LXI Config.
An LXI configuration dialog will be opened.

Select the correct instrument (R&S FSU).

o

6. Select Rescan.
The current IP address will be visible in the bottom line.

7. After successful rescan operation, select Save.

LXI Deactivation

1. To switch LXI off, use again the LX/ entry in the Windows Start menu.
An LXI dialog box will be opened.

2. Select LXI TURN OFF.

4.6.3.6 System Information

The SYSTEM INFO softkey opens a submenu in which detailed information on mod-
ule data, device statistics and system messages is displayed.

SYSTEM INFO
HARDWARE INFO

STATISTICS

SYSTEM MESSAGES

CLEAR ALL
MESSAGES
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Display of Module Data

HARDWARE The HARDWARE INFO softkey opens a table in which the modules (INSTALLED
INFO COMPONENTS) installed in the instrument are listed together with the correspond-
ing hardware revisions.

Table HARDWARE INFO consists of six columns:

SERIAL # serial number

COMPONENT  name of module

ORDER # order number

MODEL model number of the module

REV main modification index of the module

SUB REV secondary modification index of the module

HRRDUARE INFOD

The screenshot lists the components of an R&S FSU7 without options.

Display of Device Statistics

STATISTICS The STATISTICS softkey opens the table STATISTICS. This table contains the
model information, serial number, firmware version, and specifications version of the
basic device. Additionally, the operating time of the instrument, the power-on cycles
as well as attenuator switching cycles are displayed.

For new delivered devices the specifications version (document of the hardware
properties) is shown. For already delivered device dashes (--.--) are displayed.



SYSTEM
MESSAGES

Basic Settings

Remote command: -—

Display of System Messages

The SYSTEM MESSAGES softkey opens a submenu including a table in which the
generated system messages are displayed in the order of their occurrence. The
most recent messages are placed at the top of the list.

The following information is available:
No Device-specific error code
MESSAGE Brief description of the message
COMPONENT  On hardware messages:

name of the affected module

On software messages:

if needed, the name of the affected software components

DATE/TIME Date and time of the occurrence of the message

Messages that have occurred since the last call to the SYSTEM MESSAGES menu
are marked with an asterisk ™'.

The CLEAR ALL MESSAGES softkey is activated and allows clearing of the error
buffer.

If the number of error messages exceeds the capacity of the error buffer, the mes-
sage appearing first is "Message buffer overflow".
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Feforonce is lUnlocked

Remote command: SYST:ERR?
CLEAR ALL The CLEAR ALL MESSAGES softkey deletes all messages in the table.
MESSAGES The softkey is only available when table SYSTEM INFO is active.
Remote command: SYST:ERR?
4.6.3.7 Service Menu
The service menu offers a variety of additional functions which are used for mainte-
nance and/or trouble shooting.
The service functions are not necessary for normal measurement operation. How-
ever, incorrect use can affect correct operation and/or data integrity of the
R&S FSU.
Therefore, many of the functions can only be used after entering a password. They
are described in the instrument service manual.
SERVICE
INPUT RF
INPUT CAL
SELFTEST
SELFTEST RESULTS

ENTER PASSWORD

Side menu

CAL GEN 128 MHZ

CAL GEN COMB PULSE

Side menu

COMMAND TRACKING

The SERVICE softkey opens a submenu for selection of the service function.

The INPUT RF and INPUT CAL softkeys are mutually exclusive selection switches.
Only one switch can be active at any one time.
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General Service Functions

INPUT RF  The INPUT RF softkey switches the input of the R&S FSU to the input connector
(normal position).

After PRESET, RECALL or R&S FSU power on, the INPUT RF is always selected.

Remote command: DIAG:SERV:INP RF

INPUT CAL The INPUT CAL softkey switches the RF input of the R&S FSU to the internal cali-
bration source (128 MHz) and activates the data entry of the output level of the cali-
bration source. Possible values are 0 dB and —30 dB.

Remote command: DIAG:SERV:INP CAL;
DIAG:SERV:INP:CSO 0 DBM

ENTER The ENTER PASSWORD softkey allows the entry of a password.

PASSWORD The R&S FSU contains a variety of service functions which, if incorrectly used, can

affect correct operation of the R&S FSU. These functions are normally not accessi-
ble and are only usable after the entry of a password (see instrument service man-
ual).

Remote command: SYST:PASS "Password"

CAL GEN 128 The CAL GEN 128 MHZ softkey selects a sinusoidal signal at 128 MHz as output
MHZ  signal for the internal calibration source. The internal pulse generator will be
switched off.

CAL GEN 128 MHZ is the default setting of the R&S FSU.

Remote command: DIAG:SERV:INP CAL
DIAG:SERV:INP:PULS OFF

CAL GEN This softkey switches the internal pulse generator on and allows the pulse frequency
COMB PULSE to be entered.

Available pulse frequencies are 10 kHz, 62,5 kHz, 1 MHz, 128 MHz, and 640 MHz.

Remote command: DIAG:SERV:INP:PULS ON;
DIAG:SERV:INP:PULS:PRAT <value>

COMMAND The COMMAND TRACKING softkey activates or deactivates the SCPI error log
TRACKING function. All remote control commands received by the R&S FSU are recorded in
the following log file:
D:\R_S\instr\log\l[EC_CMDS.LOG
Logging the commands may be extremely useful for debug purposes, e.g. in order
to find misspelled keywords in control programs.

If this softkey is activated, the R&S FSU becomes slower.

Remote command: -=
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RESULTS

PAGE UP /
PAGE DOWN
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Selftest

The SELFTEST softkey initiates the selftest of the instrument modules.

With this function the instrument is capable of identifying a defective module in case
of failure.

During the selftest a message box appears in which the current test and its result is
shown. The test sequence can be aborted by pressing ENTER ABORT.

All modules are checked consecutively and the test result (selftest PASSED or
FAILED) is output in the message box.

Remote command: *TST?

The SELFTEST RESULTS softkey calls the SELFTEST table in which the results of
the module test are displayed.

In case of failure a short description of the failed test, the defective module, the
associated value range and the corresponding test results are indicated.

SELFTEST RESULTE

Remote command: DIAG:SERV:STE:RES?

The PAGE UP or PAGE DOWN softkey sets the SELFTEST RESULTS table to the
next or previous page.

Remote command: -=
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Hardware Adjustment

Some of the R&S FSU modules can be realigned. This realignment can become
necessary after calibration due to temperature drift or aging of components (see ser-
vice manual instrument).

The realignment should be carried out by qualified personnel since the changes
considerably influence the measurement accuracy of the instrument. This is the
reason why the softkeys REF FREQUENCY, CAL SIGNAL POWER and SAVE
CHANGES can only be accessed after entering a password.

4.6.3.8 Firmware Update

For the latest firmware version refer to the Rohde & Schwarz internet site and down-
load the most up-to-date firmware.

A detailed description about performing the firmware update in the intrument is given
in the release note, provided on this CD. The release note is also downloadable
from the Rohde & Schwarz internet site.

The installation of a new firmware version can be performed using a memory stick or
the built-in disk drive.

The installation program is called in the SETUP menu.

FIRMWARE

UPDATE FIRMWARE UPDATE

RESTORE FIRMWARE

UPDATE PATH

The FIRMWARE UPDATE softkey opens the subdirectory for installing/deinstalling
new firmware versions.

Remote command: -—

FIRMWARE The FIRMWARE UPDATE softkey starts the installation program and leads the user
UPDATE through the remaining steps of the update.

Remote command: "SYST:FIRM:UPD 'D:\USER\FWUPDATE'"

RESTORE The RESTORE FIRMWARE softkey restores the previous firmware version

FIRMWARE
Remote command: -

UPDATE PATH The UPDATE PATH softkey is used to select the drive and directories under which
the archive files for the firmware update are stored.

The firmware update can thus also be performed via network drives or USB memory
sticks/USB-CD-ROM drives.

Remote command: "SYST:FIRM:UPD 'D:\USER\FWUPDATE'"
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OPEN START
MENU

APPL SETUP
RECOVERY
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Softkey OPEN START MENU opens the Windows XP start menu and provides an
easy access to standard windows functions if a mouse is connected.

Remote command: --

The APPL SETUP RECOVERY (Application Setup Recovery) softkey controls the
instrument behaviour when changing the active application, e.g from SPECTRUM to
FM DEMOD and back from FM DEMOD to SPECTRUM.

In the default state OFF a few parameters of the current analyzer setting are passed
to the application (e.g. center frequency, level settings) or from the application back
to the analyzer mode.

If APPL SETUP RECOVERY is switched ON, the settings of the applications are
independent of each other. Leaving the FM DEMOD application will restore the pre-
vious state of the ANALYZER.

The individual application settings are stored on the internal harddisk.

FM DEMOD
ANALOG

POWER
METER

IF SHIFT

Remote command: SYST:APPL:SREC ON

The FM DEMOD ANALOG softkey opens a submenu to use the FM demodulation.
For details refer to “Broadband FM Demodulator - Option R&S FSU-B27” on
page 4.283.

The default setting for FM DEMOD ANALOG is OFF.

The POWER METER softkey opens a submenu for measurements with power sen-
sors. For details refer to the Software Manual of the application firmware R&S FS-
K9 on the options CD-ROM.

The IF SHIFT softkey opens a submenu to activate or deactivate 1st IF shifting.

Input signals at a frequency of half the 1st IF (in the frequency range of 2270 MHz to
2350 MHz) reduce the dynamic range of the analyzer. This problem only occurs for
low RF attenuation values. It can be overcome by shifting the 1st IF.

The 1st IF shifting is automatically done for ACP measurements if the center fre-
quency ( = signal frequency) is in the range of 2270 MHz to 2350 MHz. The IF
SHIFT setting is therefore ignored for ACP measurements.

IF SHIFT OFF

IF SHIFT A

4.188

The IF SHIFT OFF softkey deactivates the 1st IF shifting.

Remote command: SWE:IF:SHIF OFF

The IF SHIFT A softkey is appropriate for input signals in the frequency range of
2270 MHz to 2310 MHz.

Remote command: SWE:IF:SHIF A
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IF SHIFT B The IF SHIFT B softkey is appropriate for input signals in the frequency range of
2310 MHz to 2350 MHz.

Remote command: SWE:IF:SHIF B

AUTO AUTO automatically selects the suitable 1st IF shifting. The Signal Frequency has to
be specified for that purpose in the Signal Frequency dialog.

Remote command: SWE:IF:SHIF AUTO
SWE:IF:SHIF:FREQ <numeric value>

4.6.4 Saving and Recalling Data Sets — FILE Key

4.6.41 Overview
The FILE key calls the following functions:

» Storage/loading functions for storing (SAVE) instrument settings such as
instrument configurations (measurement/display settings, etc.) and measurement
results from working memory to permanent storage media, or to load (RECALL)
stored data into working memory.

» Functions for management of storage media (FILE MANAGER). Included are
among others functions for listing files, formatting storage media, copying, and
deleting/renaming files.

The R&S FSU is capable of internally storing complete instrument settings with
instrument configurations and measurement data in the form of data sets. The
respective data are stored on the internal hard disk or, if selected, on a memory stick
or on a floppy. The hard disk and floppy disk drives have the following names:

floppy disk A:, hard disk D: (hard disk C: is reserved for instrument software)
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FILE

SAVE | RECALLY SAVE FILE
RECALL FILE
SELECT PATH
SELECT FILE
EDIT FILE NAME
EDIT COMMENT
SELECT ITEMS{ SELECT ITEMS
ENABLE ALL ITEMS
DISABLE ALL ITEMS
DELETE FILE
NEW FOLDER
STARTUP RECALL
FILE MANAGER ¢ EDIT PATH
NEW FOLDER
PASTE
SORT MODE ¢ NAME
DATE
EXTENSION
SIZE
2 FILE LISTS
Side menu
FORMAT DISK
For details on storing and loading instrument settings refer to the Quick Start Guide,
chapter “Storing and Loading Instrument Settings”.
SAVE | The SAVE softkey opens the Save dialog box for entering the data set to be stored.
RECALL

The RECALL softkey activates the Recall dialog box to enter the data set to be
loaded. The RECALL table shows the current settings regarding the data set.

The entries are edited with the rotary knob or the CURSOR UP / DOWN key and is
confirmed by pressing the rotary knob or the ENTER key.

Subdirectories are opened by the CURSOR RIGHT (] key and closed with the
CURSOR LEFT [¢] key.

In the Save dialog box, the field already contains a suggestion for a new name: the
file name used in the last saving process is counted up to the next unused name.
For example, if the name last used was "test_004", the new name "test_005" is sug-
gested, but only if this name is not in use. If the name "test_005" is already in use,
the next free name is suggested, e.g. "test_006". You can change the suggested
name to any name conform to the following naming conventions.
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The name of a settings file consists of a base name followed by an underscore and
three numbers, e.g. "limit_lines_005". In the example, the base name is "limit_lines".
The base name can contain characters, numbers and underscores. The file exten-
sion is added automatically and can not be changed.

The SAVE /| RECALL table contains the entry fields for editing the data set.
Path Directory in which the data set is stored.

Files List of data sets already stored.

File Name Name of data set.

The name can be entered with or without drive name and directory; the
drive name and directory, if available, will then appear in the Path field.
The extension of the data name is ignored.

Comment  Comment regarding the data set.
Items Selection of settings to be stored/loaded.

Remote command: MMEM:STOR:STAT 1,"a:\test02"
MMEM:LOAD:STAT 1,"a:\test02"

SAVE FILE The SAVE FILE softkey sets the focus on the File Name field to enter a conforming
file name.

RECALL FILE The RECALL FILE softkey sets the focus on the Files field to choose a stored file to
restore.

SELECT PATH The SELECT PATH softkey sets the focus on the Path field and opens the pull-down
list to choose the correct path to store the file.

SELECT FILE The SELECT FILE softkey sets the focus on the Files field to choose a already
stored file. In addition, the DELETE softkey is displayed. The list Files lists all data
sets which are stored in the selected directory.

Remote command: -—

EDIT FILE The EDIT FILE NAME softkey sets the focus on the File Name field and.

NAME In the Save dialog box, the field already contains a suggestion for a new name: the

file name used in the last saving process is counted up to the next unused name.
For example, if the name last used was "test_004", the new name "test_005" is sug-
gested, but only if this name is not in use. If the name "test_005" is already in use,
the next free name is suggested, e.g. "test_006". You can change the suggested
name to any name conform to the following naming conventions.

The name of a settings file consists of a base name followed by an underscore and
three numbers, e.g. "limit_lines_005". In the example, the base name is "limit_lines".
The base name can contain characters, numbers and underscores. The file exten-
sion is added automatically and can not be changed.
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EDIT The EDIT COMMENT softkey activates the entry of commentary concerning the cur-
COMMENT rent data set. The focus is set on the Comment field and an on-screen keyboard
opens.

For further information on how to enter the comment text via the front panel of the
unit, see the Quick Start Guide, chapter 4, “Basic Operation”.

Remote command: MMEM:COMM "Setup for FM measurement"

SELECT ITEMS The SELECT ITEMS softkey moves the selection bar to the first line, left column of
the ltems field. An entry is selected. Position the entry focus to the corresponding
partial data set using the cursor keys and then press the ENTER key in the desired
line. The selection is cleared by pressing the key again.

The following submenu is opend:

SELECT ITEMS

ENABLE ALL ITEMS

DISABLE ALL ITEMS

Remote command: MMEM: SEL:HWS ON (Current Settings)
MMEM:SEL:LIN:ALL ON (All Limit Lines)
MMEM: SEL: TRAC ON (All Traces)
MMEM:SEL:SCD ON (Source Cal Data)
MMEM: SEL: TRAN:ALL ON (All Transducers)

Note that the command MMEM: SEL:SCD ON (Source Cal Data) is only available
with option R&S FSU-B09 or R&S FSU-B10.
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The Save dialog box offers the following selectable data subsets in the /tems field.
Current Settings These settings include:

» current configuration of general instrument parameters
* current measurement hardware settings
+ active limit lines:

A data set may contain maximum 8 limit lines for each
window. It always contain the activated limit lines and the
de-activated limit lines used last, if any. Consequently, the
combination of the restored deactivated limit lines depends
on the sequence of use with command MMEM : LOAD.

+ the activated transducer factor

» user-defined color settings

» configuration for hardcopy output
» active transducer set:

A data set may contain maximum 4 transducer factors. It
always contain the activated factors and the factors used
and de-activated last, if any. Consequently, the combination
of the restored deactivated transducer factors depends on
the sequence of use with the command MMEM : LOAD.

+ settings of tracking generator
(only with option R&S FSU B9)

All Limit Lines all limit lines

All Transducer all transducer factors

All Transducers all transducer

All Traces all traces which are not blanked
Source Cal Data correction data for tracking generator

(only with options R&S FSU B9 or R&S FSU B10)

SELECT ITEMS The SELECT ITEMS softkey sets the focus on the Items field to select the appropri-
ate item to be stored.

ENABLE ALL The ENABLE ALL ITEMS softkey marks all partial data sets.

ITEMS
Remote command: MMEM:SEL:ALL

DISABLE ALL The DISABLE ALL ITEMS softkey deselects all partial data sets.

ITEMS
Remote command: MMEM: SEL : NONE

DELETE FILE The DELETE FILE softkey sets the focus on the File Name field to enter the file
name to be deleted. Alternatively the file to be deleted can be choosen from the
Files list. A message box opens to confirm the deletion.

Remote command: MMEM:DEL "test03"

NEW FOLDER The NEW FOLDER softkey opens an on-screen keyboard to enter a new folder
name.
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DEFAULT The DEFAULT CONFIG softkey establishes the default selection of the data subset
CONFIG to be saved and outputs DEFAULT in the ITEMS field of the SAVE/RECALL DATA

SET table.

Remote command: MMEM: SEL:DEF
STARTUP The STARTUP RECALL softkey activates the selection of a data set which is auto-
RECALL matically loaded when the instrument is powered on and after PRESET. For this pur-

pose the Dialog Startup Recall is opened (analogously to DATA SET LIST).

The field Files lists all data sets stored in the selected directory. The currently
selected data set is checked.

In addition to the data sets stored by the user, the data set FACTORY, which speci-
fies the settings of the instrument before it was last switched off (Standby), is always
present (when unit is delivered).

To select a data set, the entry focus is set to the corresponding entry by means of
the rotary knob and the data set is activated by pressing the rotary knob or the
ENTER key.

If a data set other than FACTORY is chosen, this data set will be loaded when the
unit is switched on or after pressing the PRESET key. Any settings can be assigned
to the PRESET key.

Remote command: MMEM: LOAD:AUTO 1,"D:\user\config\test02"

4.6.4.2 Operating Concept of File Managers

FILE The FILE MANAGER softkey opens a menu for managing storage media and files.
MANAGER

|= Analyzer Disk C (C3) - Screen A

Mare | Size | Extension | [Date | Attributes |

. R

(D bilder 2003/04/07 13:14:06 HEH

(L Dacuments and Settings 2003{02/12 17:06:34 FOLDER

[(AProgram Files Z003/04/07 13:12:55 R

[r_s 20030315 14:38:48

[0 snagit 2003/04/07 13:10:46

O wInmT 20030407 13:13:03

FAnToETECT COM 47KE COM 2002/09/04 16:11:50 &

(=] e 229 KE 2002{09/04 16:11:50 &

WERLMTIME, INI 1KE IMI 2002{11/29 08:34:21 &

The designation and the letter of the current drive are displayed in the upper left cor-
ner of the File Manager dialog.

The table below shows the files of the current directory and potential subdirectories.
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A file or a directory in the table is selected via cursor keys. The ENTER key is used
to switch from one subdirectory to another. The softkeys COPY, RENAME, CUT and
DELETE are only visible if the entry focus is set to a file and not to a directory.

The dots ".." open up the next higher directory.

EDIT PATH The EDIT PATH softkey activates the input of the directory which will be used in sub-
sequent file operations.

(1 config j een A EDIT
&9 3% Floppy (A | Date |__Attributes | PATH
= Analyzer Disk C [C:] 2003/04/07 22:01:01
= Analyzer Disk D [D:) 20030407 22:20:51 A HEH
L1 USER 2003/04/07 22:00:54 & FOLDER
m 2003/04/07 22:31:39 &
=3 Disk E [E:] 2003/04/07 22:01:01 A .
[E=ETTFeP II7EE FoP 2003/04/07 22:00:27 A
= sE 71 R0 117KE F3P 20030407 22:00:22 P
[= ser2.Fsp 117KE F3P 20030407 22:00:34 A RENANE
= e T3.Pop 117KE FsP Z003{04/07 22:00:35 a
=) sET4.F50 117KE F3P 20030407 22:00:45 A I
cuT
PASTE
DELETE
SORT
HODE =
2
scReEn B [JLFILE LISER

Use CURSOR UP / DOWN to select a drive and confirm your selection with ENTER.

Open subdirectories by using CURSOR RIGHT, and use CURSOR LEFT to close
them again.

When you have found the subdirectory you looked for, mark it with ENTER.

Remote command: MMEM:MSIS "a:"
MMEM:CDIR "D:\user "

NEW FOLDER The NEW FOLDER softkey creates subdirectories.

The entry of an absolute path name (e.g. "USER\MEAS") as well as the path rela-
tive to the current directory (e.g. "..\MEAS") is possible.

Remote command: MMEM:MDIR "D:\user\test"
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COPY The COPY softkey opens the help line editor to enter the target directory for a copy-

RENAME

CuUT

PASTE

ing process. The file is also copied into the clipboard and can be copied into a differ-
ent directory at a later time by means of PASTE.

|1 config = EDIT
Mare Size | Extension | [Date | Attributes | PATH
. 2003/04/07 22:01:01
[=1.Fp 117KB F3P 20030407 22:20:51 A HEH
[=z.Fsr 117 KE Fsp 2003{04/07 22:00:54 A FOLDER
[=]3.Fsr 117KB F3P 2003{04/07 22:31:39 A I
=] 4.Fsr 117KE FiP Z003{04/07 Z2:01:01 A i
=] sET0. P3P 117KE FiP Z003{04/07 22:00:27 A
[=]sET1.P5p 117KB Fsp 2003/04/07 22:00:22 s I
=] seT2. P3P 117KB FaP 2003/04/07 22:00:34 A RENANE
[Bsersrse ] A
[Hser4FsP [aB cDEFGH I JKLM 123456768090 A I
HOPOQRSTUVWX Y Z o=, -
abecde fghijkIm <=4 r{f¥r1 -
nopqqrstuvwxyz @ | FLTEF % _
SPACE « » BACK EXIT PASTE
DELETE
SORT
HODE o
(e
FILE LISES
SCREEH B —

Files can also be copied to a different storage medium by indicating a certain drive
letter (e.g. D:). The selected files or directories will be copied after terminating the
entry with the ENTER key.

Remote command: MMEM:COPY "D:\user\set.cfg","a:"

The RENAME softkey opens the help line editor to rename a file or a directory (anal-
ogously to the COPY softkey).

Remote command: MMEM:MOVE "test02.cfg","set2.cfg"

The CUT softkey shifts the selected file into the clipboard from where it can be cop-
ied into a different directory at a later time by means of PASTE.

The file in the output directory will only be deleted if the PASTE softkey has been
pressed.

Remote command: -=

The PASTE softkey copies files from the clipboard to the current directory. The
directory is changed by means of the cursor keys and subsequent pressing of
ENTER or via the EDIT PATH softkey.

Remote command: -=
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DELETE The DELETE softkey deletes the selected file.

A confirmation query is displayed to avoid unintentional deletion of files.

Remote command: MMEM:DEL "test01l.hcp"
MMEM:RDIR "D:\user\test"

SORT MODE
NAME

DATE

EXTENSION

SIZE

The SORT MODE softkey opens the submenu to select the sorting mode for the dis-

played files.
Ere B s
HAHE

Marme I Size I Exkension I Date I Attribukes I

2003(04{07 22:47:33 h
autalog.bxt ZKB bxt 2000{09(27 12:14:26 & BT

=] 1.F5r 117KE F3P 2003(04/07 22:20:51 &

=]z Fr 117K F5P 2003/04/07 22:00:54 o |
=] 5.F3r 117KE F3P 2003(04/07 22:31:39 & | ExTENSION
=] 4. F3r 117KE F3P 2003(04/07 22:01:01 &

=] zeT0.F3R 117KE F3P 2003{04/07 22:00:27 4 I
=] zeT1.R50 117KE F3P 2003(04{07 22:00:22 &

St 117KB FSP 2003{04{07 22:00:34 & SI2E
Bt 117KB FSP 2003{04{07 22:00:35 &

= seT4.F3p 117KB FSP 2003{04{07 22:00:45 &

Directory names are located at the top of the list after the entry for the next higher
directory level ("..").

Remote command: -—

NAME The NAME softkey sorts the file list by name.

Remote command: -—

DATE The DATE softkey sorts the file list by date.

Remote command: -—

EXTENSION The EXTENSION softkey sorts the file list by file extension.

Remote command: -—

1
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SIZE The SIZE softkey sorts the file list by size

Remote command: -—

2 FILELISTS The 2 FILE LISTS softkey opens a second window for the File Manager. The entry
focus can be moved between the two windows by means of SCREEN A and
SCREEN B hotkeys.

Files can thus very easily be copied and shifted from one directory to the other.

The second file list can also be opened in the Full Screen mode via SCREEN B or
SCREEN A hotkey.

Remote command: -

FORMAT DISK  The FORMAT DISK softkey formats disks located in drive A:.

To prevent accidental destruction of disk data, confirmation by the user is requested.

Remote command: MMEM: INIT "a:"

4.6.5 Measurement Documentation — HCOPY Key

The HCOPY key opens the HARDCOPY menu for starting and configuring the print-
out.

The installation and configuration of printers is described in the Quick Start Guide
chapters 1, “Preparing for Use”, 1, “LAN Interface” and appendix A

HCOPY
PRINT SCREEN
PRINT TRACE
PRINT TABLE
DEVICE SETUP
DEVICE 1/2
COLORs ¥ COLOR ON/OFF
SCREEN COLORS
OPTIMIZED COLOR SET
USER DEFINED & SELECT OBJECT
BRIGHTNESS
TINT
SATURATION
PREDEFINED COLORS
SET TO DEFAULT
COMMENT
Side menu
INSTALL PRINTER
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Pressing one of the softkeys PRINT SCREEN, PRINT TRACE or PRINT TABLE in
the HCOPY menu initiates the print job. The printer parameters defined in the
DEVICE SETTINGS menu are used for setting up the printer configuration. All of the
display items to be printed are written to the printer buffer. Since the printer runs in
the background, the instrument may be operated immediately after pressing the
PRINT softkey.

With PRINT SCREEN selected, all the diagrams with traces and status displays are
printed as they occur on the screen. Softkeys, open tables and data entry fields are
not printed.

The PRINT TRACE function allows individual traces to be printed. With PRINT
TABLE, tables can be printed.

The DEVICE 1/ 2 softkeys are used for selecting and configuring the output inter-
face. For detailed information refer to “DEVICE 1/ 2” on page 4.200.

If the Print to File option in the Hardcopy Setup dialog box is selected, the printout is
directed to a file. Upon pressing one of the PRINT... softkeys, the file name to which
the output data is to be written is requested. An entry field is then opened for enter-
ing the file name. For detailed information refer to section “DEVICE SETUP” on
page 4.200.

The COLORS submenu allows switch over between black-and-white and color print-
outs (default), provided that the printer connected can produce color printouts. In
addition, the colors are set in this submenu. For detailed information refer to section
“Selecting Printer Colors” on page 4.202.

+ SCREEN Output in screen colors.

+ OPTIMIZED (default) Instead of light colors, dark colors are used for
traces and markers: trace 1 blue, trace 1 black,
trace 3 green, markers turquoise.

+ USER DEFINED This option enables the user to change the colors
at will. It provides the same setting functions as
the DISPLAY — CONFIG DISPLAY — NEXT menu.

*  With SCREEN and OPTIMIZED selected, the background will always be white
and the grid black. With USER DEFINED, these colors can be selected, too.

» Upon activation of the submenu, the color display is switched over to the
selected printout colors. When the menu is quit, the original color setting is
restored.

The COMMENT SCREEN A / B softkeys allow text to be added to the printout (date
and time are inserted automatically).

Use the INSTALL PRINTER softkey to install additional printer drivers.

PRINT The PRINT SCREEN softkey starts the output of test results.

SCREEN All the diagrams, traces, markers, marker lists, limit lines etc. are printed out as long

as they are displayed on the screen. All the softkeys, tables and open data entry
fields are not printed out. Moreover, comments, title, date, and time are output at the
bottom margin of the printout.

Remote command: HCOP:ITEM:ALL
HCOP:IMM
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PRINT TRACE The PRINT TRACE softkey starts the output of all curves visible on the display
screen without auxiliary information. Specifically, no markers or display lines are
printed.

Remote command: HCOP:ITEM:WIND:TRAC:STAT ON
HCOP:IMM

PRINT TABLE The PRINT TABLE softkey starts the output of all tables and info lists visible on the
display screen without the measurement diagrams and other information lying

behind.
Remote command: HCOP:ITEM:WIND:TABL:STAT ON
HCOP: IMM
DEVICE The DEVICE SETUP softkey opens the dialog where the file format and the printer
SETUP can be selected. For details on selecting and configuring printers, and printing out

the measurement results refer to the Quick Start Guide chapter 1, “Preparing for
Use” and chapter “Printing Out the Measurement Results”.

Remote command: HCOP:DEV:LANG GDI;
SYST:COMM: PRIN:ENUM: FIRS?;
SYST:COMM: PRIN:ENUM:NEXT?;
SYST:COMM:PRIN:SEL <Printer>;
HCOP:PAGE:0ORI PORT;
HCOP:DEST "SYST:COMM:PRIN";
HCOP:DEST "SYST:COMM :MMEM"

DEVICE 1/ 2 The R&S FSU is able to manage two hardcopy settings independently of each other.
They are selected via the DEVICE 1/ 2 softkey, which displays also the associated
setting if the DEVICE SETUP dialog is open. For details on selecting and configur-
ing printers, and printing out the measurement results refer to the Quick Start Guide
chapter 1, “Preparing for Use” and chapter “Printing Out the Measurement Results”.

Remote command: -—

COLORS The COLORS softkey gives access to the submenu where the colors for the printout
can be selected (see section “Selecting Printer Colors” on page 4.202).

Remote command: --

COMMENT The COMMENT softkey opens an entry field in which a comment of two lines (60
characters per line) can be entered for screen A or B.

If the user enters more than 60 characters, the excess characters appear on the
second line on the print-out. At any point, a manual line-feed can be forced by enter-
ing the @ character.

The comment is printed below the diagram area. The comment text appears on the
hardcopy, but not on the display screen.

If a comment should not be printed, it must be cleared.

If the instrument is reset by a click on the PRESET key, all entered comments are
cleared.
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The COMMENT softkey opens the auxiliary line editor where the desired letters
can be entered in the text field by means of rotary knob and cursor keys.

After clicking the COMMENT softkey, the auxiliary line editor can be reached with
the (<] key. Pressing the rotary knob or the ENTER key inserts the selected charac-
ters in the text line.

After editing is completed, return to the text line with the (<] key and confirm the
comment text with ENTER.

If the entered comment should be aborted, quit the auxiliary line editor with ESC.

Only after the auxiliary line editor has been closed with ESC can the softkeys and
hardkeys be operated again.

INSTALL
PRINTER

A detailed description of the auxiliary line editor can be found in the Quick Start
Guide, chapter 4, “Basic Operation”.

Remote command: HCOP:ITEM:WIND2:TEXT 'Comment'

A certain number of printer drivers is already installed on the R&S FSU.

The INSTALL PRINTER softkey opens the Printers and Faxes dialog where more
printer drivers can be installed.

For details refer to the Quick Start Guide, appendix A.

Remote command: -—
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4.6.5.1 Selecting Printer Colors

COLORS
COLOR ON/OFF

SCREEN COLORS

OPTIMIZED COLOR SET

USER DEFINED ¢ SELECT OBJECT

BRIGHTNESS

TINT

SATURATION

PREDEFINED COLORS

SET TO DEFAULT

The COLORS softkey gives access to the submenu where the colors for the printout
can be selected. To facilitate color selection, the selected color combination is dis-
played when the menu is entered. The previous colors are restored when the menu
is exited.

For details on selecting and configuring printers, and printing out the measurement
results refer to the Quick Start Guide chapter 1, “Preparing for Use” and chapter
“Printing Out the Measurement Results”.

Remote command: -—

COLOR ON/ The COLOR ON/OFF softkey switches over from color output to black-and-white
OFF  output. All color-highlighted areas are printed in white and all color lines in black.
This improves the contrast on the printout. The default setting is COLOR ON.

Remote command: HCOP:DEV:COL ON

SCREEN The SCREEN COLORS softkey selects the current screen colors for the printout.
COLORS

The background is always printed in white and the grid in black.

Remote command: HCOP:CMAP:DEF1

OPTIMIZED The OPTIMIZED COLOR SET softkey selects an optimized color setting for the
COLOR SET  printout to improve the visibility of the colors on the hardcopy.

Trace 1 is blue, trace 2 black, trace 3 green, and the markers are turquoise.

The other colors correspond to the display colors of the DISP — CONFIG DISPLAY —
DEFAULT COLORS 1 softkey.
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The background is always printed in white and the grid in black.

USER DEFINED

SELECT
OBJECT

BRIGHTNESS

TINT

Remote command: HCOP:CMAP:DEF2

The USER DEFINED softkey opens a submenu for user-defined color selection (see
submenu USER DEFINED COLORS).

Remote command: HCOP:CMAP:DEF3

The SELECT OBJECT softkey allows picture elements to be selected to change
their color setting. After selection, the PREDEFINED COLORS, BRIGHTNESS,
TINT and SATURATION softkeys enable the user to change the colors or bright-
ness, the hue and the color saturation of the element selected.

SELECT DISPLAY OBJECT

¢7Background
Grid
Function field + status field + data entry text
Function field LED on
Function field LED warn
Enhancement label text
Status field background
Trace 1
Trace 3
Marker
Lines
Measurement status + limit check pass
Limit check fail
Table + softkey text
Table + softkey background
Table selected field text
Table selected field background
Table + data entry field opag titlebar
Data entry field opag text
Data entry field opag background
3D shade bright part
3D shade dark part
Softkey state on
Softkey state data entry
Logo

Remote command: -—

The BRIGHTNESS softkey serves for determining the brightness of the graphic ele-
ment selected.

A value between 0 and 100% can be entered.

Remote command: HCOP:CMAP5:HSL <hue>,<sat>,<lum>

The TINT softkey serves for determining the hue of the element selected. The per-
centage entered refers to a continuous color spectrum from red (0%) to blue
(100%).

Remote command: HCOP:CMAP5:HSL <hue>,<sat>,<lum>

Operating Manual 1166.1725.12 - 08 4.203



R&S FSU Instrument Functions

_________________________________________________________________________________________________________________________________________________|
Basic Settings

SATURATION The SATURATION softkey serves for determining the saturation of the element
selected.

A value between 0 and 100% can be entered.

Remote command: HCOP:CMAP5:HSL <hue>,<sat>,<lum>

PREDEFINED The PREDEFINED COLORS softkey opens a list from which predefined colors for
COLORS the displayed elements can be selected:

v BLACK
BLUE
BROWN
GREEN
CYAN
RED
MAGENTA

YELLOW

WHITE

GRAY

LIGHT GRAY
LIGHT BLUE
LIGHT GREEN
LIGHT CYAN
LIGHT RED
LIGHT MAGENTA

Remote command: HCOP:CMAP1 ... 26:PDEF <color>

SETTO The SET TO DEFAULT softkey reactivates the default color setting (= OPTIMIZED
DEFAULT COLOR SET).

Remote command: -—

Remote command:
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4.7 Tracking Generator — Option R&S FSU-B9

During normal operation (without a frequency offset), the tracking generator emits a
signal exactly at the input frequency of the R&S FSU.

For frequency-converting measurements it is possible to set a constant frequency
offset of £200 MHz between the receive frequency of the R&S FSU and the output
signal of the tracking generator.

Moreover, an I/Q modulation or AM and FM modulation of the output signal can be
provided using two analog input signals.

The output power is level-controlled and can be set in 0.1 dB steps in a range from -
30 dBm to +5 dBm (-100 to + 5 dBm with option R&S FSU-B12).

The tracking generator can be used in all operating modes. Acquisition of test setup
calibration values (SOURCE CAL) and normalization using these correction values
(NORMALIZE) is only possible in the NETWORK operating mode.

The RF characteristics of some DUTs is especially sensitive concerning the input
VSWR. In such cases insertion of 20 dB attenuation between the DUT and the
tracking generator output is highly recommended.

The tracking generator is activated by means of the NETWORK hotkey in the hotkey
bar at the bottom of the screen (for details refer to section “Mode Selection — Hotkey
Bar” on page 4.7.)
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471 Tracking Generator Settings
The NETWORK hotkey opens a menu for selecting the functions of the tracking

generator.
NETWORK

SOURCE ON/OFF

SOURCE POWER

POWER OFFSET

SOURCE CAL ¢ CAL TRANS
CAL REFL SHORT
CAL REFL OPEN
NORMALIZE
REF VALUE POSITION
REF VALUE
RECALL
SAVE AS TRD FACTOR

FREQUENCY OFFSET

MODULATION EXT AM
EXT FM
EXT IIQ
MODULATION OFF

POWER SWEEP POWER SWP ON/OFF
START POWER
STOP POWER

Additional softkeys are available in the displayed menus for controlling an external
generator if option External Generator Control R&S FSP-B10 is fitted. For detailed
information see section “External Generator Control — Option R&S FSU-B10” on
page 4.220.
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SOURCE ON/ The SOURCE ON/OFF softkey switches the tracking generator on or off. Default
OFF setting is OFF

*  When the tracking generator is switched on the maximum stop frequency is
limited to 3.6 GHz. This upper limit is automatically reduced by a frequency
offset set up for the tracking generator.

* In order to meet the data sheet accuracy for measurements with active tracing
generator the start frequency must be set to > 3 x Resolution Bandwidth.

* The minimum sweeptime for measurements with data sheet accuracy is 100 ms
in frequency domain (span > 0 Hz). Selecting a sweeptime below this limit will
result in the sweeptime indicator field SWT being supplied with a red asterisk
and the message UNCAL being displayed.

« FFTfilters (FILTER TYPE FFT in BW menu) are not available when the tracking
generator is active.

Remote command: OUTP:STAT ON
SOURCE The SOURCE POWER softkey allows the tracking generator output power to be
POWER selected.

The output power can be set in 0.1 dB steps from -30 dBm to +5 dBm (-100 to + 5
dBm with option R&S FSU-B12).

If the tracking generator is off, it is automatically switched on when an output power
value is entered.

The default output power is -20 dBm.

Remote command: SOUR:POW -20dBm
POWER The POWER OFFSET softkey allows selection of a constant level offset for the
OFFSET tracking generator.

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.

The permissible setting range is -200 dB to +200 dB in steps of 0.1 dB. Positive off-
sets apply to an amplifier and negative offsets to an attenuator subsequent to the
tracking generator.

The default setting is 0 dB. Offsets <> 0 are marked by the activated enhancement
label LVL.

Remote command: SOUR:POW:0FFS -10dB

4.7.2 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 FSU is fed from the output of the DUT.
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SOURCE CAL

4.208

Tracking Generator — Option R&S FSU-B9
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A calibration can be carried out to compensate for the effects of the test setup (e.g.
frequency response of connecting cables).

Fig. 4.19 Test setup for transmission measurement

Calibration of Transmission Measurement

CAL TRANS

CAL REFL SHORT

CAL REFL OPEN

NORMALIZE

REF VALUE POSITION

REF VALUE

RECALL

SAVE AS TRD FACTOR

The SOURCE CAL softkey opens a submenu comprising of the calibration functions
for the transmission and reflection measurement.

For information on the calibration of the reflection measurement
(CAL REFL SHORT and CAL REFL OPEN) and its mechanisms, refer to section
“Calibration of Reflection Measurement” on page 4.214.

To carry out a calibration for transmission measurements the whole test setup is
through-connected (THRU).
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CAL TRANS The CAL TRANS softkey triggers the calibration of the transmission measurement.

It starts a sweep that records a reference trace. This trace is then used to calculate
the difference for the normalized values.

TG -Z@ dBm
Att 18 dB

CAL REFL
SHORT

CAL REFL
OPEN

HORHALIZE

REF UALUE
POSITION

REF UALUE

RECGALL

e |
. |
|
JEE
B

308 I'Hz, Stop 3 GHz SAUE AS

Fig. 4.20 Calibration curve for transmission measurement

During the calibration the following message is displayed:

{EFERENCE MEASURENENT

in progress

After the calibration the following message is displayed:

HOTE
calibration complete

This message will be cleared automatically after approx. 3 seconds.

Remote command: CORR:METH TRAN

4.7.2.2 Normalization
NORMALIZE The NORMALIZE softkey switches the normalization on or off. The softkey is only
available if the memory contains a correction trace.

It is possible to shift the relative reference point within the grid using the REF VALUE
POSITION softkey. Thus, the trace can be shifted from the upper border of the grid
to the vertical center of the grid:
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REW 3 MMz
® 6 -20 dBa UBW 1@ MHz CAL
Ref @ dBn Att 30 dB SUT 1s TRANS

10 ]n -
1 8a

CLRMR |

REF UALUE
POSITION

REF UALUE

RECALL

-108

Start 9 kHz 299.9991 MHzr Stop 3 GHz
SPECTRUN | - SCREEH B

Fig. 4.21 Normalized display

In SPLIT SCREEN operation, the normalization is switched on in the currently active
window. Different types of normalization can be active in the two windows.

Normalization is aborted when the NETWORK operating mode is quit.

Remote command: CORR ON

The REF VALUE POSITION softkey marks a reference position in the active window
at which the normalization result (calculated difference with a reference trace) is dis-
played.

If no reference line is active, the softkey switches on a reference line and activates
the input of its position. The line can be moved within the grid boundaries.

The reference line is switched off by pressing the softkey again.

The function of the reference line is explained in the section “Calibration Mecha-
nism” on page 4.214.
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REF POSITIOH RFEM 3 MHz

= UBW 1@ IHz CAL
Ref © dEm Att 30 dB SHT 1s TRAKS
58

=

i8]
=

138
CLRUR |

REF UALUE

RECALL

.
=

-5@

Start 9 kiz 299.9991 IHz, Stop 3 CGHz
SPECTRUN | |RETHORKI SCREEH B |

Fig. 4.22 Normalized measurement, shifted with REF VALUE POSITION 50%

Remote command: DISP:WIND:TRAC:Y:RPOS 10PCT

REF VALUE The REF VALUE softkey activates the input of a value which is assigned to the ref-
erence line.

With default settings the reference line corresponds to a difference of 0 dB between
the currently measured trace and the reference trace. Setting the REF VALUE to a
different value helps to compensate for changes to the level conditions in the signal
path after the calibration data have been recorded. If e.g. after a source calibration a
10 dB attenuation is inserted into the signal path between DUT and R&S FSU input,
the measurement trace will be moved by 10 dB down. Entering a REF VALUE of —
10 dB will then result in the reference line for difference calculation being moved by
10 dB down as well. This means that the measured trace will be placed on it, as dis-
played in Fig. 4.23.

REF VALUE always refers to the active window.
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REF POSITIOH RFEM 3 MHz
= UBW 1@ IHz CAL
Ref © dEm Att 30 dB SHT 1s TRAKS
58
£ [ A ]
1 %A
CLRHE | 55

e

2@

18 - 18-aiE

REF UALUE

RECALL

Start 9 kHz 299.9991 MHzr Stop 3 GHz
SPECTRUN | - SCREEH B I

Fig. 4.23 Measurement with REF VALUE -10 dB and REF VALUE POSITION 50%

After the reference line has been moved by entering a REF VALUE of —10 dB the
deviation from the nominal power level can be displayed with high resolution (e.g.
1 dB/div). The power is still displayed in absolute values, which means that in the
above example 1 dB below the nominal power (reference line) = 11 dB attenuation.

REF UALUE RFEM 3 MHz
-18 B UBH 1@ MHz B
Ref @ dEm Att 38 dB SUT 108 ns TRANS
-5
| ¢ [ |

13%h

CLRNR |

0

F-12
|, RECALL
F-14
-15
Start 9 kHz 299.9991 IHz, Stop 3 GHz
SPECTRUN | - SCREEH B
Fig. 4.24 Measurement of a 10dB attenuator pad with 1dB/DIV
Remote command: DISP:WIND:TRAC:Y:RVAL -10dB
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RECALL The RECALL softkey restores the R&S FSU settings that were used during source
calibration.

This can be useful if device settings were changed after calibration (e.g. center fre-
quency, frequency deviation, reference level, etc.).

The softkey is only available if:
+ the NETWORK mode has been selected

« the memory contains a calibration data set.

Remote command: CORR:REC

SAVE ASTRD SAVE AS TRD FACTOR uses the normalized measurement data to generate a
FACTOR transducer factor with up to 625 points. The trace data are converted to a transducer
with unit dB after the transducer name has been entered. The number of points is
defined by SWEEP COUNT. The frequency points are allocated in equidistant steps
between start and stop frequency. The generated transducer factor can be further
adapted in the SETUP menu — TRANSDUCER. The SAVE AS TRD FACTOR soft-
key is only available if normalization is switched on.

Remote command: CORR:TRAN:GEN <name>'

4.7.3 Reflection Measurement

Scalar reflection measurements can be carried out by means of a reflection-coeffi-
cient measurement bridge.

4§ ROHDEASCHWARZ

o
g8

2- -

GEN
OUTPUT INF’UT

Measure-
ment

Bridge

DUT

Fig. 4.25 Test Setup for Reflection Measurement
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4.7.31 Calibration of Reflection Measurement

The calibration mechanism for reflection measurement is basically the same as the
one used for transmission measurement.

CAL REFL The CAL REFL SHORT softkey starts the short-circuit calibration.

SHORT 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.

After the calibration the following message is displayed:

HOTE

calibration complete

The message is cleared after approx. 3 seconds.

Remote command: CORR:METH REFL
CORR:COLL THR

CAL REFL The CAL REFL OPEN softkey starts the open-circuit calibration. During calibration
OPEN the following message is displayed:

‘EFERENCE NMEASURENENT

in progress

Remote command: CORR:METH REFL
CORR:COLL OPEN

4.7.4 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 data set.

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 625 measured values) is stored
internally as a table of 625 points (frequency/level).

Differences in level settings between the reference curve and the current device set-
tings are taken into account automatically. If the span is reduced, a linear interpola-
tion of the intermediate values is applied. If the span increases, the values at the left
or right border of the reference data set are extrapolated to the current start or stop
frequency, i.e. the reference data set is extended by constant values.

An enhancement label is used to mark the different levels of measurement accu-
racy. This enhancement label is displayed at the right diagram border when normal-
ization is switched on and a deviation from the reference setting occurs. Three
accuracy levels are defined:
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Table 4-3  Measurement accuracy levels

Accuracy Enhancement Reason/Limitation
label
High NOR No difference between reference setting and
measurement
Medium APX Change of the following settings:
(approximation) - coupling (RBW, VBW, SWT)

« reference level, RF attenuation

« start or stop frequency

 output level of tracking generator
 frequency offset of tracking generator

» detector (max. peak, min. peak, sample, etc.)
Change of frequency:

* max. 625 points within the set sweep limits
(corresponds to a doubling of the span)

- Aborted * 625 and more extrapolated points within the current
normalization sweep limits (in case of span doubling)

At a reference level (REF LEVEL) of -10 dBm and at a tracking generator output
level of the same value the R&S FSU operates without overrange reserve, i.e. the
R&S FSU 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
is displayed in the status line or the display range is exceeded (clipping of the trace
at the upper diagram border = Overrange).

Overloading can be avoided as follows:

* Reducing the output level of the tracking generator (SOURCE POWER,
NETWORK menu)

* Increasing the reference level (REF LEVEL, AMPT menu)

4.7.5 Frequency-Converting Measurements

For frequency-converting measurements (e.g. on converter units) the tracking gen-
erator is able to set a constant frequency offset between the output frequency of the
tracking generator and the receive frequency of the R&S FSU.

Up to an output frequency of 200 MHz the measurement can be carried out in both
inverted and normal positions.
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4:» ROHDE&SCHWARZ

Fig. 4.26 Test setup for frequency converting measurements

FREQUENCY The FREQUENCY OFFSET softkey activates the input of the frequency offset
OFFSET between the output signal of the tracking generator and the input frequency of the
R&S FSU. Possible offsets are in a range of +200 MHz in 0.1 Hz steps.

The default setting is 0 Hz. Offsets <> 0 Hz are marked with the enhancement label
FRQ.

If a positive frequency offset is entered, the tracking generator generates an output
signal above the receive frequency of the R&S FSU. In case of a negative frequency
offset it generates a signal below the receive frequency of the R&S FSU. The output
frequency of the tracking generator is calculated as follows:

Tracking generator frequency = receive frequency + frequency offset.

Remote command: SOUR:FREQ:0FFS 50MHz
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4.7.6 External Modulation of the Tracking Generator

MODULATION
EXT AM

EXT FM

EXT 1/IQ

MODULATION OFF

The MODULATION softkey opens a submenu for selecting different modulation
modes.

The time characteristics of the tracking generator output signal can be influenced by
means of external signals (input voltage range -1 V to +1 V).

Two BNC connectors at the rear panel are available as signal inputs. Their function
changes depending on the selected modulation:

« TGINI/AM and
+ TGINQ/FM

The modulation modes can be combined with each other and with the frequency off-
set function up to a certain degree. The following table shows which modulation
modes are possible at the same time and which ones can be combined with the fre-
quency offset function.

Table 4-4  Simultaneous modes of modulation (tracking generator)

Modulation Frequency | EXT AM EXT FM EXT IIQ
offset

Frequency offset [ ] [ ) [ ]

EXT AM ° [ ]

EXT FM ° (]

EXT I/Q (]

® = can be combined

EXT AM The EXT AM softkey activates an AM modulation of the tracking generator output
signal.

The modulation signal is applied to the TG IN | / AM connector. An input voltage of
1V corresponds to 100% amplitude modulation.

Switching on an external AM disables the active I/Q modulation.

Remote command: SOUR:AM:STAT ON
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EXT FM The EXT FM softkey activates the FM modulation of the tracking generator output
signal.

The modulation frequency range is 1 kHz to 100 kHz, the deviation can be set in 1-
decade steps in the range of 100 Hz to 10 MHz at an input voltage of 1 V. The phase
deviation h should not exceed the value 100.

Phase deviation h = deviation / modulation frequency
The modulation signal is applied to the TG IN Q / FM connector.

Switching on an external FM disables the active 1/Q modulation.

Remote command: SOUR:FM:STAT ON
SOUR:FM:DEV  10MHz

EXT I/Q The EXT I/Q softkey activates the external I/Q modulation of the tracking generator.

The signals for modulation are applied to the two input connectors TG IN | and
TG IN Q at the rear panel of the unit. The input voltage range is +1 V into 50 Q.

Switching on an external 1/Q modulation disables the following functions:
— active external AM

— active external FM

Functional description of the quadrature modulator:

I channel

e
. )
I mod

RE IN I % RE OUT I

90°

Q channel
-y M

Q mod

Fig. 4.27 I/Q modulation

I/Q modulation is performed by means of the built-in quadrature modulator. The RF
signal is divided into two orthogonal | and Q components (in phase and quadrature
phase). Amplitude and phase are controlled in each path by the | and Q modulation
signal. By adding the two components an RF output signal is generated that can be
controlled in amplitude and phase.

Remote command: SOUR:DM:STAT ON
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MODULATION  The MODULATION OFF softkey switches off the modulation of the tracking genera-
OFF tor.

Remote command: SOUR:AM:STAT OFF
SOUR:FM:STAT OFF
SOUR:DM:STAT OFF

4.7.7 Power Offset of the Tracking Generator

POWER POWER SWP ON/OFF
SWEEP OWER SWP ON/O

START POWER

STOP POWER

The POWER SWEEP softkey opens a submenu for activates or deactivates the
power sweep.

POWER SWP  The POWER SWP ON/OFF softkey activates or deactivates the power sweep. If the
ON/OFF power sweep is ON the enhancement label TGPWR is shown and the Spectrum
Analyzer is set in zero span mode (span = OHz). During the sweep time of the zero
span the power at the internal tracking generator is changed linear from start power
to stop power. The start and stop power values are shown on the right side below

the diagram.

Remote command: : SOUR: POW:MODE SWE
:SOUR: POW:MODE FIX

START POWER The START POWER softkey defines the start power of the power sweep.
The start power can be set between -30 dBm and +5 dBm.
With the option R&S FSU-B12 the power can be set between -100 and + 5 dBm.

Remote command: :SOUR:POW:STAR —-20dBm

STOP POWER The STOP POWER softkey defines the stop power of the power sweep.
The start power can be set between -30 dBm and +5 dBm.
With the option R&S FSU-B12 the power can be set between -100 and + 5 dBm.

The stop value can be smaller than the start value.

Remote command: :SOUR:POW:STOP —-10dBm
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4.8 External Generator Control — Option R&S FSU-B10

The external generator control option permits to operate a number of commercially
available generators as tracking generator on the R&S FSU. Thus, scalar network
analysis with the R&S FSU is also possible outside the frequency range of the inter-
nal tracking generator when the appropriate generators are used.

The R&S FSU also permits to set a frequency offset for frequency-converting mea-
surements when external generators are used. For harmonics measurements or fre-
quency-converting measurements, it is also possible to enter a factor, by which the
generator frequency is increased or reduced compared with the receive frequency
of the R&S FSU. Only make sure that the resulting generator frequencies do not
exceed the allowed setting range of the generator.

The level range to be set also depends on the generator used.

The generator is controlled via the — optional — second GPIB interface of the
R&S FSU (= IEC2, supplied with the option) and, with some Rohde & Schwarz gen-
erators, additionally via the TTL synchronization interface included in the AUX inter-
face of the R&S FSU.

The use of the TTL interface enables considerably higher measurement rates as
pure GPIB control, because the frequency stepping of the R&S FSU is directly
coupled with the frequency stepping of the generator.

Therefore, the frequency sweep differs according to the capabilities of the generator
used:

* Inthe case of generators without TTL interface, the generator frequency is first set
for each frequency point via GPIB, then the setting procedure has to be completed
before recording of measured values is possible.

* In the case of generators with TTL interface, a list of the frequencies to be set is
entered into the generator before the beginning of the first sweep. Then the sweep
is started and the next frequency point selected by means of the TTL handshake
line TRIGGER. The recording of measured values is only enabled when the
generator signals the end of the setting procedure via the BLANK signal. This
method is considerably faster than pure GPIB control.

With the SELECT GENERATOR softkey, a list of the supported generators with the
frequency and level range as well as the capabilities used is included.

The external generator can be used in all operating modes. Recording of test setup
calibration values (SOURCE CAL) and normalization with the correction values
(NORMALIZE) are only possible in the NETWORK mode.

In order to enhance measurement accuracy a common reference frequency
should be used for both the R&S FSU and the generator. If no independent 10
MHz reference frequency is available, it is recommended to connect the reference
output of the generator with the reference input of the R&S FSU and to enable
usage of the external Reference on the R&S FSU via SETUP - REFERENCE EXT.

4.220
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4.8.1

NETWORK

Like the internal tracking generator, the external generator is activated by means of
the hotkey bar: MORE hotkey - NETWORK hotkey (for details refer to section “Mode
Selection — Hotkey Bar” on page 4.7).

External Generator Settings

The NETWORK hotkey opens the menu for setting the functions of the external gen-

erator.

SOURCE POWER

POWER OFFSET

SOURCE CAL ¢

CAL TRANS

CAL REFL SHORT

CAL REFL OPEN

NORMALIZE

REF VALUE POSITION

REF VALUE

RECALL

SAVE AS TRD FACTOR

FREQUENCY OFFSET

EXT SOURCE ¥

EXT SRC ON / OFF

SELECT GENERATOR

FREQUENCY SWEEP

GEN REF INT / EXT

Other softkeys are available in the displayed menus for controlling the internal
tracking generator when option Tracking Generator R&S FSU-B9 is fitted. For
detailed information see section “Tracking Generator — Option R&S FSU-B9” on

page 4.205.
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The SOURCE POWER softkey activates the entry of the generator output level. The
value range depends on the selected generator. For detailed information see “List of
Generator Types Supported by the R&S FSU” on page 4.234.

If both option External Generator Control B10 and option Tracking Generator B9 are
installed, the softkey will modify the output power of the generator currently in use.

The default output power is -20 dBm.

Remote command: SOUR:EXT:POW —-20dBm

The POWER OFFSET softkey activates the entry of a constant level offset of the
generator. With this offset, attenuator pads or amplifiers connected to the output
connector of the generator can be handled during the input and output of output lev-
els.

The permissible setting range is -200 dB to +200 dB in steps of 0.1 dB. Positive off-
sets handle a subsequent amplifier and negative offsets an attenuator pad.

The default setting is 0 dB; offsets <> 0 are marked by the activated enhancement
label LVL.

Remote command: SOUR:POW:0OFFS -10dB

Transmission Measurement

The transmission characteristic of a two-port network is measured. The external
generator serves as a signal source. It is connected to the input connector of the
DUT. The input of the R&S FSU is fed from the output of the DUT.

4.222
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Fig. 4.28 Test setup for transmission measurement

A calibration can be carried out to compensate for the effects of the test setup (e.g.
frequency response of connecting cables).
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4.8.2.1 Calibration of Transmission Measurement

SOURCE CAL
CAL TRANS

CAL REFL SHORT

CAL REFL OPEN

NORMALIZE

REF VALUE POSITION

REF VALUE

RECALL

SAVE AS TRD FACTOR

The SOURCE CAL softkey opens a submenu comprising the calibration functions
for the transmission and reflection measurement.

For information on the calibration of the reflection measurement
(CAL REFL SHORT and CAL REFL OPEN) and its mechanisms, refer to section
“Calibration of Reflection Measurement” on page 4.228.

To carry out a calibration for transmission measurements the whole test setup is
through-connected (THRU).

CAL TRANS The CAL TRANS softkey triggers the calibration of the transmission measurement.

It starts a sweep that records a reference trace. This trace is then used to obtain the
differences to the normalized values.

TG -Z@ dBm
Att 18 dB

CAL REFL
SHORT

CAL REFL
OPEN

HORHALIZE

REF UALUE
POSITION

REF UALUE

e |
. |
|
JEE
B

RECGALL

i i
PP L L ' A
A/ I
H 2t

t @ He 00 HHzs 3 GHz SAUE RS

Fig. 4.29 Calibration curve for transmission measurement
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During the calibration the following message is displayed:

‘EFERENCE NMEASURENENT

in progress
After the calibration sweep the following message is displayed:

HOTE
calibration conplete

This message is cleared after approx. 3 seconds.

Remote command: CORR:METH TRAN

Normalization

The NORMALIZE softkey switches normalization on or off. The softkey is only avail-
able if the memory contains a correction trace.

It is possible to shift the relative reference point within the grid using the REF VALUE
POSITION softkey. Thus, the trace can be shifted from the top grid margin to the
middle of the grid:

REW 3 MHz
@ TG -2@ dBn UBH 1@ IHz CAL
Ref @ oBa Akt 39 dB ST 1s TRANS

@ L~F
10 ]n
1 &a

- B -

REF VALUE
POSITION

-6

REF VALUE

L0

RECALL

-0

an
L]

-108
Start 9 kHz 299.9991 MHz, Ztop 3 GHz

SPECTRUN | - SCREEN B |

Fig. 4.30 Normalized display

In the SPLIT SCREEN setting, the normalization is switched on in the current win-
dow. Different normalizations can be active in the two windows.

Normalization is aborted when the NETWORK mode is quit.

Remote command: CORR ON
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REF VALUE The REF VALUE POSITION softkey (reference position) marks a reference position
POSITION in the active window on which the normalization (difference formation with a refer-
ence curve) is performed.

When pressed for the first time, the softkey switches on the reference line and acti-
vates the input of its position. The line can be shifted within the grid limits.

The reference line is switched off by pressing the softkey again.

The function of the reference line is explained in the section “Calibration Mecha-
nism” on page 4.228.

REF POSITIOH REM 3 MHz

5@ % UBH 1@ MHz CAL
Ref @ dBEnm Att 3@ dB SHT 1s TRANS
e

1 sh
CLRNR | -

o (Tl N
P AgheT

[
=

REF VALUE

RECALL

Start 9 kHz 2999991 Mz, Stop 3 GHz
SPECTRUN | [IHETHORKD| SCREEH B |

Fig. 4.31 Normalized measurement, shifted with REF VALUE POSITION 50%

Remote command: DISP:WIND:TRAC:Y:RPOS 10PCT

REF VALUE The REF VALUE softkey activates the input of a level difference which is assigned
to the reference line.

In the default setting, the reference line corresponds to a level difference of 0 dB. If
e.g. a 10-dB attenuator pad is inserted between DUT and R&S FSU input between
recording of the calibration data and normalization, the trace will be shifted down by
10 dB. By entering a REF VALUE of —10 dB the reference line for difference forma-
tion can also be shifted down by 10 dB so that it will again coincide with the trace
(see Fig. 4.32).
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REF POSITIOH REL = fH=z
5@ x UBH 1@ IHz CAL
Ref @ dBn Att 30 dB SHT 1s TRANS
50
40 LR
1 &h
CLRHE | . 2

Ha

=y

10~ 185
REF UALUE
-2
[ RECALL
L@
-5@
Start 9 kHz 299.9991 MHzs Stop 3 GHz
SPECTRUN | [IHETHORKE| SCREEH E |

Fig. 4.32 Measurement with REF VALUE -10dB and REF VALUE POSITION 50%

After the reference line has been shifted by entering REF VALUE —-10 dB, depar-
tures from the nominal value can be displayed with high resolution (e.g. 1 dB / Div.).
The absolute measured values are still displayed, in the above example, 1 dB below
nominal value (reference line) = 11 dB attenuation.

REF UALUE REM 2 MH=z
-19 dB UBH 18 MHz CAL
Ref @ dBn Att 3@ dB SUT 180 ns TRANS
-5
[ . o

1 8h

CLRHR | -

L
WOR

Lo

MWWWMWW@WWW%

F-11

)

_{z;

-1z
RECALL

Start 9 kHz 299.9991 IHzr Stop 3 GHz

SPECTRUH | - SCREEN B

Fig. 4.33 Measurement of a 10-dB attenuator pad with 1dB/DIV

Remote command: DISP:WIND:TRAC:Y:RVAL -10dB
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RECALL The RECALL softkey restores the instrument setting with which the calibration was
carried out.

This can be useful if the device setting was changed after calibration (e.g. center fre-
quency setting, frequency deviation, reference level, etc.).

The softkey is only available if:
+ the NETWORK mode has been selected

+ the memory contains a calibration data set.

Remote command: CORR:REC

SAVE AS TRD SAVE AS TRD FACTOR uses the normalized measurement data to generate a
FACTOR transducer factor with up to 625 points. The trace data are converted to a transducer
with unit dB after the transducer name has been entered. The number of points is
defined by SWEEP COUNT. The frequency points are allocated in equidistant steps
between start and stop frequency. The generated transducer factor can be further
adapted in the menu SETUP — TRANSDUCER. SAVE AS TRD FACTOR is only
available if normalization is switched on.

Remote command: CORR:TRAN:GEN <name>'

4.8.3 Reflection Measurement

Scalar reflection measurements can be carried out by means of a reflection-coeffi-
cient bridge.
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Fig. 4.34 Test setup for reflection measurement
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4.8.3.1 Calibration of Reflection Measurement

The calibration mechanism essentially corresponds to that of the transmission mea-
surement.

CAL REFL The CAL REFL SHORT softkey starts the short-circuit calibration.

SHORT If both calibrations (open circuit, short circuit) are carried out, the calibration curve is

formed by averaging the two measurements and stored in the memory. The order of
measurements is optional.

After the calibration the following message is displayed:

HOTE
calibration complete

The display is cleared after approx. 3 seconds.

Remote command: CORR:METH REFL
CORR:COLL THR

CAL REFL The CAL REFL OPEN softkey starts the open-circuit calibration. During calibration
OPEN the following message is displayed:

EFERENCE NMERZURENENT]

in progress

Remote command: CORR:METH REFL
CORR:COLL OPEN

4.8.4 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 data set.

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 625 measured values) is stored
as a table with 625 points (frequency/level).

Differences in level settings between the reference curve and the current device set-
tings are taken into account automatically. If the span is reduced, a linear interpola-
tion of the intermediate values is applied. If the span increases, the values at the left
or right border of the reference data set are extrapolated to the current start or stop
frequency, i.e. the reference data set is extended by constant values.

An enhancement label is used to mark the different levels of measurement accu-
racy. This enhancement label is displayed at the right diagram border when normal-
ization is switched on and a deviation from the reference setting occurs. Three
accuracy levels are defined:
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Table 4-5  Measurement accuracy levels

Accuracy Enhancement Reason/Limitation

label
High NOR No difference between reference setting and measurement
Medium APX Change of the following settings:

(approximation) - coupling (RBW, VBW, SWT)

« reference level, RF attenuation

« start or stop frequency

« output level of tracking generator
 frequency offset of tracking generator

« detector (max. peak, min. peak, sample, etc.)
Change of frequency:

* max. 625 points within the set sweep limits (corresponds to
a doubling of the span)

- Aborted » more than 500 extrapolated points within the current sweep
normalization limits (in case of span doubling)

At a reference level (REF LEVEL) of -10 dBm and at a tracking generator output
level of the same value the analyzer operates without overrange reserve, i.e. the
analyzer 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
is displayed in the status line or the display range is exceeded (clipping of the trace
at the upper diagram border = Overrange).

Overloading can be avoided as follows:

* Reducing the output level of the tracking generator (SOURCE POWER,
NETWORK menu)

* Increasing the reference level (REF LEVEL, AMPT menu)
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4.8.5 Frequency-Converting Measurements

For frequency-converting measurements (e.g. on converters) the external generator
is able to set a constant frequency offset between the output frequency of the gener-
ator and the receive frequency of the R&S FSU and, in addition, the generator fre-
quency as a multiple of the R&S FSU.

Fig. 4.35 Test setup for frequency-converting measurements

ajg
Hld
B[EE
d
]

HBE

DEEE
Boooe

(e 1

5

Te@e ®

20 e o (0),

GEN OUTPUT RF INPUT

LB B N NN N
goooooooo

¥ T EEEE BB

AEEEEE

P s e

0

Ay

® o

FREQUENCY The FREQUENCY OFFSET softkey activates the input of the frequency offset
OFFSET between the output signal of the generator and the input frequency of the R&S FSU.
The value range depends on the selected generator.

The default setting is 0 Hz. Offsets <> 0 Hz are marked with the enhancement label
FRQ.

If a positive frequency offset is entered, the tracking generator generates an output
signal above the receive frequency of the analyzer. In case of a negative frequency
offset it generates a signal below the receive frequency of the analyzer. The output
frequency of the generator is calculated as follows:

Generator frequency = receive frequency + frequency offset

Remote command: SOUR:EXT:FREQ:0FFS 1GHZ
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4.8.6 Configuration of an External Generator

EXT SOURCE
EXT SRC ON / OFF

SELECT GENERATOR

FREQUENCY SWEEP

GEN REF INT / EXT

@ REW 3 MHz
UBM 18 MHz EXT SRC
Ref -20 dBa Atk 10 dB OFF
——— ' SELECT GENERATOR. ! ' ' '
SRC TYPE IFC GPIE ADDR MODE  F MIM F Ay P HIN P rAy o SELECT
1 Ei=E L 28 REMOTE SkH= 36H= -144dBm  16dBn GEHERATOR
2  sSnI0@3  GPIB 23 LOCAL  38@KHz 3.36Hz -140dBn  13dBn
L_ap | | | | | | | | |
FREQUENCY SMEEP -
SOURCE FREQ = REC FREQ » NUM/DEN + DFFSET —
SRC STATE POMERCABnl MU DEN OFFSET  RESULT
1 FEE -:0dB0 1 1 @Hz @Hz..3GHz
2 -30cBn 1 1 BHz @Hz..3.2GHz
7@
)

GEH REF
| oo EXT
--100
-110
=1z2@

Start @ Hz 320 Mz, Stop 3.2 GHz

SPECTRUN | [JHETHORKN] SCREEH B |

The EXT SOURCE softkey opens a submenu for configuration of the external gen-
erator.

The R&S FSU is able to manage two generators, one of which can be active at the
time.
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EXT SRC ON/ The EXT SRC ON / OFF softkey switches the external generator on or off.

OFF It can only be switched on successfully if the generator has been selected by means

of SELECT GENERATOR and configured correctly by means of FREQUENCY
SWEERP. If one of these conditions is not fulfilled, an error message will be output.

When switching on the external generator by means of EXT SRC ON, the
R&S FSU switches off the internal tracking generator and starts programming the
generator settings via the GPIB interface IEC2.

Programming requires takeover of the remote control at this interface by the
R&S FSU. To avoid any access conflicts, ensure that no other controller is con-
nected to the IEC2 interface or the external generator when selecting EXT SRC
ON.

The maximum stop frequency is limited to the maximum generator frequency. This
upper limit is automatically reduced by the set frequency offset of the generator
and a set multiplication factor.

With the external generator switched on, the FFT filters (FILTER TYPE FFT in the
menu BW) are not available.

If an error occurs on the GPIB when programming the external generator, the gen-
erator will automatically be switched off and the following error message will be
output:

SY2STEN NMEZSAGE
IECZ handshake error?

When the external generator is switched off using EXT SRC OFF, the GPIB control
is handed over again at the IEC2 interface, i.e. a different controller will then take
over the control of the signal generator.

Remote command: SOUR:EXT ON
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SELECT The SELECT GENERATOR softkey opens a table for selection of the generator and
GENERATOR  definition of GPIB address and control interface.

The table permits configuration of two generators so that switching between two dif-
ferent configurations is easily possible.

=RC TYPE IFC GPIEB ADDRE MODE  F MIM F NMAX F NI P NMAX
TTL =28 RENMOTE SkH=z 3GH= -144dBm  1&dBm
2 ENIN@3 GPIB =28 LOCAL 32@BkH= 32.3GH= -14@dBm  13dBin

The individual fields contain the following settings:

+ SRC
Index of generator selected
« TYPE

The field opens the list with the available generators:

After completion of the selection, the remaining fields of the table are filled with
the generator characteristics.

A list of generator types supported by the R&S FSU is to be found in section “List
of Generator Types Supported by the R&S FSU” on page 4.234.

« IFC

This field selects the interface type of external generator 1 or 2. The following
types are available:

— GPIB: GPIB only, suitable for all generators of other manufacturers and some
Rohde & Schwarz instruments

— TTL: GPIB and TTL interface for synchronization, for most of the Rohde &
Schwarz generators, see table above.

The two operating modes differ in the speed of the control: Whereas, with pure
GPIB operation, each frequency to be set must be individually transferred to the
generator, additional use of the TTL interface permits to program a total frequency
list at once and subsequently perform the frequency stepping via TTL handshake,
which is a big advantage in terms of speed.

Generators equipped with the TTL interface can also be operated with GPIB only.

Only one of the two generators can be operated with TTL interface at a time. The
other generator must be configured for GPIB.

* GPIBADDR
GPIB address of the respective generator. Addresses from 0 to 30 are possible.
+ MODE

Operating mode of generator. The generator activated using the FREQUENCY
SWEEP softkey is automatically set to remote mode (REMOTE), the other to
manual operation (LOCAL).
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* FMIN F MAX

Frequency range of generator. Select the start and stop frequency of the

R&S FSU in a way that the specified range is not exceeded. If the start frequency
lies below F MIN, the generator is only switched on when F MIN is reached. If the
stop frequency lies above F MAX, it is limited to F MAX when the generator is
switched on using the EXT SRC ON/OFF softkey.

* PMINP MAX

Level range of generator. This field defines the allowed input range for the
POWER column in the FREQUENCY SWEERP table.

SYST:COMM:RDEV:GEN2:TYPE 'SMAO1A'
SYST:COMM:RDEV:GEN:LINK TTL
SYST:COMM:GPIB:RDEV:GEN1:ADDR 28

Remote command:

4.8.7 List of Generator Types Supported by the R&S FSU

The R&S SMA and R&S SMU require the following firmware versions:
* R&S SMA: V2.10.x or higher
* R&S SMU: V1.10 or higher

4.234

Generator Interface Generator Generator Generator Generator
Type Min Freq Max Freq Min Power | Max Power
dBm dBm
SMAO1A TTL 9 kHz 3.0 GHz -145 +30
SMEO02 TTL 5 kHz 1.5 GHz -144 +16
SMEO03 TTL 5 kHz 3.0 GHz -144 +16
SMEO06 TTL 5 kHz 6.0 GHz -144 +16
SMG GPIB 100 kHz 1.0 GHz -137 +13
SMGL GPIB 9 kHz 1.0 GHz -118 +30
SMGU GPIB 100 kHz 2.16 GHz -140 +13
SMH GPIB 100 kHz 2.0 GHz -140 +13
SMHU GPIB 100 kHz 4.32 GHz -140 +13
SMIQ02B TTL 300 kHz 2.2 GHz -144 +13
SMIQO02E GPIB 300 kHz 2.2 GHz -144 +13
SMIQ03B TTL 300 kHz 3.3 GHz -144 +13
SMIQO3E GPIB 300 kHz 3.3 GHz -144 +13
SMIQ04B TTL 300 kHz 4.4 GHz -144 +10
SMIQ06B TTL 300 kHz 6.4 GHz -144 +10
SMLO1 GPIB 9 kHz 1.1 GHz -140 +13
SMLO02 GPIB 9 kHz 2.2 GHz -140 +13
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Generator Interface Generator Generator Generator Generator
Type Min Freq Max Freq Min Power | Max Power
dBm dBm
SMLO3 GPIB 9 kHz 3.3 GHz -140 +13
SMR20 TTL 1 GHz 20 GHz -1302) +112)
SMR20B11 1) | TTL 10 MHz 20 GHz -1302) +132)
SMR27 TTL 1 GHz 27 GHz -1302) +112)
SMR27B11 1) | TTL 10 MHz 27 GHz -1302) +122)
SMR30 TTL 1 GHz 30 GHz -1302) +112)
SMR30B11 1) | TTL 10 MHz 30 GHz -1302) +122)
SMR40 TTL 1 GHz 40 GHz -1302) +92)
SMR40B11 1) | TTL 10 MHz 40 GHz -1302) +122)
SMR50 TTL 1 GHz 50 GHz -1302) +92)
SMR50B11 1) | TTL 10 MHz 50 GHz -1302) +122)
SMR60 TTL 1 GHz 60 GHz -1302) +92)
SMR60B11 1) | TTL 10 MHz 60 GHz -1302) +122)
SMP02 TTL 10 MHz 20 GHz -1303) +173)
SMP03 TTL 10 MHz 27 GHz -1303) +133)
SMP04 TTL 10 MHz 40 GHz -1303) +123)
SMP22 TTL 10 MHz 20 GHz -1303) +203)
SMT02 GPIB 5.0 kHz 1.5 GHz -144 +13
SMTO03 GPIB 5.0 kHz 3.0 GHz -144 +13
SMTO06 GPIB 5.0 kHz 6.0 GHz -144 +13
SMV03 GPIB 9 kHz 3.3 GHz -140 +13
SMUZ200A TTL 100 kHz 2.2 GHz -145 +13
SMU02B31 TTL 100 kHz 2.2 GHz -145 +19
SMU03 4) TTL 100 kHz 3 GHz -145 +13
SMU03B31 TTL 100 kHz 3 GHz -145 +19
SMU04 TTL 100 kHz 4 GHz -145 +13
SMU04B31 TTL 100 kHz 4 GHz -145 +19
SMUO06 TTL 100 kHz 6 GHz -145 +13
SMU06B31 TTL 100 kHz 6 GHz -145 +13
SMX GPIB 100 kHz 1.0 GHz -137 +13
SMYO01 GPIB 9 kHz 1.04 GHz -140 +13
SMY02 GPIB 9 kHz 2.08 GHz -140 +13
HP8340A GPIB 10 MHz 26.5 GHz -110 10
HP8648 GPIB 9 kHz 4 GHz -136 10
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Generator Interface Generator Generator Generator Generator

Type Min Freq Max Freq Min Power | Max Power
dBm dBm

HP ESG-A GPIB 250 kHz 4 GHz -136 20

Series 1000A,

2000A,

3000A,

4000A

HP ESG-D GPIB 250 kHz 3 GHz -136 +10

SERIES

E4432B

1) Requires the option SMR-B11 to be fitted.

2)  Maximum/minimum power depends on presence of Option SMR-B15/-B17 and set frequency range.
For more details see SMR data sheet.

3)  Maximum/minimum power depends on presence of Option SMP-B15/-B17 and set frequency range.
For more details see SMP data sheet.

FREQUENCY The FREQUENCY SWEEP softkey opens a table for setting the generator level as
SWEEP well as the multiplier and the offset used to derive the generator frequency from the
analyzer frequency.

This table also permits configuration of two generators so that switching between
two different configurations is easily possible.

SOURCE FREQ = REC FREQ # HUM/DEN + OFFSET
SRC STATE POMERCABmI NUM DEN OFFSET RESULT
1 FEE --adEx 1 1 @Hz @Hz..3GHz «
2 -3@dBn 1 1 BHz BHz. .3.2GHz

The individual fields contain the following settings:

+ SRC
Index of selected generator
« STATE

Selects the active generator. Only one generator can be active at a time. The
operating mode of the active generator is set to remote control in the SELECT
GENERATOR table.

+ POWER

Permits to enter the generator level within the limits P MIN to P MAX of the
SELECT GENERATOR table.

« NUM
Numerator,
« DEN

Denominator,
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« OFFSET

Offset, used to derive the generator frequency from the current frequency of the
R&S FSU according to the following formula:

F —IF Numerator
Generator ~ |' Analyzer ’ Denominator Offset

Note that the frequencies resulting from start and stop frequency of the R&S FSU
do not exceed the allowed generator range:

— If the start frequency lies below F MIN, the generator is only switched on when
F MIN is reached.

— If the stop frequency lies above F MAX, the generator is switched off. When
the generator is subsequently switched on using the EXT SRC ON/OFF
softkey, the stop frequency is limited to F MAX.

— If the stop frequency lies below F MIN, the generator is switched off and the
following error message output:

ERROR
GEHERATOR RANGES EXEEDED; EXT GEM
SWITCHED OFF .

— In the time domain (Span = 0 Hz) the generator frequency is derived from the
set receive frequency of the R&S FSU using the calculation formula.
For the sake of clarity, the formula is also displayed in the table.

The offset setting can be used to sweep in the reverse direction. This can be
achieved by setting a negative offset in the formula above:

Example for reverse sweep:
FAnaIyzerStart= 100 MHz
FAnaIyzerStop =200 MHz
Foffset = -300 MHz
Numerator = Denominator = 1
— Fgeneratorstart = 200 MHz
- FGeneratorStop =100 MHz

If the offset is adjusted in a way that the sweep of the generator crosses the 0 Hz
Frequency, it is indicated by the additional statement “via 0 Hz".

Example for reverse sweep via 0 Hz
FAnaIyzerStart= 100 MHz

Fanalyzerstop = 200 MHz

Foffset = -150 MHz

Numerator = Denominator = 1

— FGeneratorStart = 50 MHz

—> FGeneratorStop =50 MHz via 0 Hz

Remote command: :SOUR:EXT:FREQ:NUM 1
:SOUR:EXT:FREQ:DEN 1
:SOUR:EXT:FREQ:OFFS -300MHZ
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* RESULT

The frequency range of the generator resulting from the calculation formula. An
asterisk (*) after the upper limit indicates that the stop frequency of the R&S FSU
must be adapted when the generator is switched on in order not to exceed its
maximum frequency. In the following illustration, this is true for the upper
generator at a stop frequency of 3.2 GHz of the R&S FSU, whereas the lower
generator does not yet require an adaptation:

Remote command: SOUR:EXT:POW —30dBm
SOUR:EXT:FREQ:NUM 4
SOUR:EXT:FREQ:DEN 3
SOUR:EXT:FREQ:0FFS 100MHZ

GEN REF INT/ The GEN REF INT / EXT softkey switches over the reference oscillator of the gener-
EXT ator (switch over between internal and external reference source). Selection EXT
allows connecting the external generator to an external reference frequency source.

The internal reference source is selected as the default setting.

Remote command: SOUR:EXT1:ROSC INT
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4.9 LAN Interface - Option R&S FSP-B16

The instrument can be connected to an Ethernet LAN (local area network) using the
LAN interface connector on the rear panel. This makes it possible to transfer data
over the network and to use network printers. In addition, the instrument can be
remote-controlled via the network.

For details, refer to the Quick Start Guide chapters 1, “Preparing for Use”, 1, “LAN
Interface”.

49.1 NOVELL Networks

The operating system NETWARE from NOVELL is a server-based system. Data
cannot be exchanged between individual workstations; data transfer takes place
between the PC and a server. This server provides memory space and the connec-
tion to network printers. On a server, data is organized in directories as under DOS
and mapped to the workstation as virtual drives. A virtual drive behaves like an addi-
tional hard disk on the workstation, and the data can be edited accordingly. Network
printers can also be addressed like normal printers.

There are two versions of the NOVELL network operating system: bindery-based
(NETWARE 3) and NDS-based (more recent versions of NETWARE). With the older
version (NETWARE 3), each server manages its resources on its own and is inde-
pendent. A user must be managed on each server separately. In the case of NDS-
based versions, all resources in the network are managed together in the NDS
(NOVELL DIRECTORY SERVICE). The user must log into the network only once
and is given access to the resources according to his/her access rights. The individ-
ual resources and users are managed as objects in a hierarchical tree (NDS TREE).
The position of the object in the tree is referred to as "CONTEXT" with NETWARE
and must be known for access to the resources.

4.9.2 MICROSOFT Network

In case of a MICROSOFT network, data can be exchanged both between worksta-
tions (peer to peer) and between workstations and servers. The latter can supply
access to files and connection to the printers. On a server, data is organized in
directories as under DOS and mapped to the workstation as virtual drives. A virtual
drive behaves like an additional hard disk on the workstation, and the data can be
edited accordingly. Network printers can also be addressed like normal printers. A
connection is possible to DOS, WINDOWS FOR WORKGROUPS, WINDOWS95/
98/ME, WINDOWS NT/XP.

4.9.3 Remote Data Transfer with TCP/IP Services

The protocol TCP/IP allows the transfer of files between different computer systems.
This requires a program running on the two computers that controls this data trans-
fer. It is not necessary that the same operating or file system is used by both com-
puters. For example, a file transfer between DOS/WINDOWS and UNIX is possible.
One of the two partners must be configured as Host and the other one as Client.
However, they may change their roles. Usually, the system which is able to perform
several processes at the same time will play the host role. The file transfer program
usually used under TCP/IP is FTP (File Transfer Protocol). An FTP host is installed
as standard on the majority of UNIX systems.
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If the TCP/IP services are installed, a terminal connection is possible using Start -
Programs - Accessories - Telnet or a data transfer via FTP by means of Start - Run
fip - OK. Thus all computer systems supporting these universal protocols can be
addressed (UNIX, VMS, etc.).

For further information, refer to the corresponding XP literature.

File Transfer via FTP

The total scope of functions and commands is described in the FTP literature. The
following table therefore only contains the major functions:

Setting up the connection

0 Click Start and then Run in the task bar.
0 The DOS command FTP starts the program.

0 The command OPEN <xx.xx.xx.xx> sets up the connection. (xx.xx.xx.xx = IP
address e.g. 89.0.0.13)

Data transfer

* The command PUT <file name> transfers the data to the target system.
* The command GET <file name> transfers the data from the target system.

« The command TYPE B transfers the data in BINARY format; no conversion takes
place.

+ The command TYPE A transfers the data in ASCII format, converting control
characters so that text files can also be read on the target system.

Examples
PUT C:\AUTOEXEC.BAT
sends the file AUTOEXEC.BAT to the target system.

LCD DATA
changes the current directory on the local machine to subdirectory DATA

CD SETTING
changes to the subdirectory SETTING on the target system

file name = file name e.g. DATA.TXT

Changing the directories

*+ The command LCD <path> changes the directory on the local machine as with
DOS.

* The command LDIR shows the directory contents on the local machine.

These commands refer to the file system of the R&S FSU. If the “L” is omitted ahead
of the commands, they apply to the target system.
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4.10 RSIB Protocol

The instrument is equipped with an RSIB protocol as standard, which allows the
instrument to be controlled by means of Visual C++ and Visual Basic programs, but
also by means of the Windows applications WinWord and Excel as well as National
Instruments LabView, LabWindows/CVI and Agilent VEE. The control applications
run on an external computer in the network.

A UNIX operating system can be installed on an external computer in addition to a
Windows operating system. In this case, the control applications are created either
in C or C++. The supported UNIX operating systems include:

* Sun Solaris 2.6 Sparc Station
* Sun Solaris 2.6 Intel Platform

¢ Red Hat Linux 6.2 x86 Processors

4.10.1 Remote Control via RSIB Protocol

4.10.1.1 Windows Environment

To access the measuring instruments via the RSIB protocol, the file RSTB32.DLL
must be copied to the Windows system32 directory or to the directory of the control
applications. For 16-bit applications, the file RSTIB.DLL must be additionally copied
to the directories mentioned. The files RSIB.DLL and RSIB32.DLL are included on
the instrument in directory D:\R_S\Instr\RSIB.

For the different programming languages, there are files available that contain the
declarations of the DLL functions and the definition of the error codes.

Visual Basic (16 bit): 'RSIB.BAS' (D:\R_S\Instr\RSIB)
Visual Basic (32 bit): "RSIB32.BAS' (D:\R_S\Instr\RSIB)
C:/C++: 'RSIB.H' (D:\R_S\Instr\RSIB)

For C/C++: programs, import libraries are additionally available.
Import library for RSIB.DLL: RSIB.LIB' (D:\R_S\Instr\RSIB)
Import library for RSIB32.DLL: RSIB32.LIB' (D:\R_S\Instr\RSIB)

The control is performed using the Visual C++ or Visual Basic programs WinWord,
Excel, LabView, LabWindows/CVI or Agilent VEE. Every application that can load a
DLL is able to use the RSIB protocol. The programs use the IP address of the instru-
ment or its host name to set up the connection.

Via VisualBasic:

ud = RSDLLibfind ("82.1.1.200", ibsta, iberr, ibcntl)

Return to manual operation is possible via the front panel (LOCAL key) or via the
RSIB protocol:

Via RSIB:

ud = RSDLLibloc (ud, ibsta, iberr, ibcntl);
or
ud = RSDLLibonl (ud, 0, ibsta, iberr, ibcntl);
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4.10.1.2 UNIX Environment

To access the measuring equipment via the RSIB interface, copy the
librsib.so.X.Y file to a directory for which the control application has read
rights. X.Y in the file name indicates the version number of the library, for example
1.0.

The 1ibrsib.so.X.Y library is created as a shared library. The applications using
the library need not consider its version. They simply link the library with the 1rsib
option. The following instructions have to be observed so that linking can be suc-
cessfully performed and the library can be found during program execution:

File link:

» Use the operating system command /n to create a file with the link name
librsib.so and pointingto 1ibrsib.so.X.Y in a directory for which the
control application has read rights. Example:

$ 1In -s /usr/lib/librsib.so.1.0 /usr/lib/librsib.so
Linker options for creating applications:
* -lrsib:importlibrary

* -Lxxx : path information where the import library can be found. This is where the
above file link has been created. Example: -1./usr/1ib.

Additional linker options for creating applications (only under Solaris):

* -Rxxx: path information where the library is searched for during the program run:
-R/usr/1lib.

Run-time environment:

» Set environment variable LD RUN PATH to the directory in which the file link has
been created. This is necessary only if 1ibrsib. so cannot be found in the
default search path of the operating system and the -R linker option (only Solaris)
was not specified.

For C/C++ programming, the declarations of the library functions and the definition
of error codes are contained in:

C/C++: 'RSIB.H' (D:\R_S\Instr\RSIB)
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4.11 RSIB Interface Functions

This section lists all functions of the DLL "RSIB.DLL" or "RSIB32.DLL" or
"librsib.so", which allow control applications to be produced.

4.11.1 Overview of Interface Functions

The library functions are adapted to the interface functions of National Instruments
for GPIB programming. The functions supported by the libraries are listed in the fol-

lowing table.

Function Description

RSDLLibfind() Provides a handle for access to a device.

RSDLLibwrt() Sends a zero-terminated string to a device.

RSDLLilwrt() Sends a certain number of bytes to a device.

RSDLLibwrtf() Sends the contents of a file to a device.

RSDLLibrd() Reads data from a device into a string.

RSDLLilrd() Reads a certain number of bytes from a device.

RSDLLibrdf() Reads data from a device into a file.

RSDLLibtmo() Sets time-out for RSIB functions.

RSDLLibsre() Switches a device to the local or remote state.

RSDLLibloc() Temporarily switches a device to the local state.

RSDLLibeot() Enables/disables the END message for write operations.

RSDLLibrsp() Performs a serial poll and provides the status byte.

RSDLLibonl() Sets the device online/offline.

RSDLLTestSRQ() Checks whether a device has generated an SRQ.

RSDLLWaitSrq() Waits until a device generates an SRQ.

RSDLLSwapBytes Swaps the byte sequence for binary numeric display (only
required for non-Intel platforms).

41111 Variables ibsta, iberr, ibcntl

As with the National Instrument interface, the successful execution of a command
can be checked by means of the variables ibsta, iberr and ibent1. For this pur-
pose, all RSIB functions are assigned references to these three variables.
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Status word - ibsta

The status word ibsta provides information on the status of the RSIB interface. The
following bits are defined:

Bit designation | Bit | Hex code | Description

ERR 15 8000 Is set when an error has occurred on calling a
function. If this bit is set, iberr contains an error
code that specifies the error in greater detail.

TIMO 14 4000 Is set when a time-out has occurred on calling a
function.
CMPL 8 0100 Is set if the response of the GPIB parser has been

read out completely. If a parser response is read out
with the function RSDLLi1rd () and the length of the
buffer is insufficient for the answer, the bit will be
cleared.

Error variable - iberr

If the ERR bit (8000h) is set in the status word, iberr contains an error code which
allows the error to be specified in greater detail. Extra error codes are defined for the
RSIB protocol, independent of the National Instruments interface.

Error Error code | Description

IBERR_CONNECT 2 Setup of the connection to the measuring instrument
has failed.

IBERR NO DEVICE 3 A function of the interface has been called with an

illegal device handle.

IBERR MEM 4 No empty memory available.

IBERR_TIMEOUT 5 Time-out has occurred.

IBERR_BUSY 6 The RSIB protocol is blocked by a function that is still
running.

IBERR FILE 7 Error when reading or writing to a file.

IBERR SEMA 8 Error upon creating or assigning a semaphore (only
under UNIX).

Count variable - ibcntl

The variable ibcntl is updated with the number of transferred bytes each time a
read or write function is called.
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411.1.2 Description of Interface Functions

RSDLLibfind()
The function provides a handle for access to the device with the name udName.
VB format: Function RSDLLibfind (ByVal udName$, ibsta$,
iberr%, ibcntl&) As Integer
C format: short WINAPI RSDLLibfind( char far *udName,
short far *ibsta, short far *iberr, unsigned
long far *ibcntl)

C format (UNIX): short RSDLLibfind( char *udName, short
*ibsta, short *iberr, unsigned long *ibcntl)

Parameters: udName IP address of device

Example: ud = RSDLLibfind ("89.10.38.97", ibsta,

iberr, ibcntl)

The function must be called prior to all other functions of the interface.

As return value, the function provides a handle that must be indicated in all functions
for access to the device. If the device with the name udName is not found, the han-
dle has a negative value.

RSDLLibwrt

This function sends data to the device with the handle ud.

VB format: Function RSDLLibwrt (ByVal ud%, ByVal Wrt$,
ibsta%, iberr%, ibcntlé&) As Integer

C format: short WINAPI RSDLLibwrt ( short ud, char far

*Wrt, short far *ibsta, short far *iberr,
unsigned long far *ibcntl )

C format (UNIX): short RSDLLibwrt ( short ud, char *Wrt, short
*ibsta, short *iberr, unsigned long *ibcntl

)

Parameters: ud Device handle
Wrt String sent to the device.
Example: RSDLLibwrt (ud, "SENS:FREQ:STAR?", ibsta,

iberr, ibcntl)
This function allows setting and query commands to be sent to the measuring instru-

ments. Whether the data is interpreted as a complete command can be set using the
function RSDLLibeot ().
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RSDLLilwrt

This function sends Ccnt bytes to a device with the handle ud.

VB format: Function RSDLLilwrt (ByVal ud%, ByVal Wrt$,
ByVal Cnté&, ibsta%, iberr%, ibcntlé&) As
Integer

C format: short WINAPI RSDLLilwrt ( short ud, char far

*Wrt, unsigned long Cnt, short far *ibsta,
short far *iberr, unsigned long far *ibcntl)

C format (UNIX): short RSDLLilwrt( short ud, char *Wrt,
unsigned long Cnt, short *ibsta, short
*iberr, unsigned long *ibcntl)

Parameters: ud Device handle

Wrt String sent to the GPIB parser.

Cnt Number of bytes sent to the device.
Example: RSDLLilwrt (ud, "...... ', 100, ibsta,

iberr, ibcntl)

Like RSDLLibwrt () this function sends data to a device. The only difference is that
binary data can be sent as well. The length of the data is not determined by a zero-
terminated string, but by the indication of Cnt bytes. If the data is to be terminated
with EOS (0Ah), the EOS byte must be appended to the string.

RSDLLibwrtf

This function sends the contents of a £iles file to the device with the handle ud.

VB format: Function RSDLLibwrtf (ByVal ud%, ByVal
file$, ibsta%, iberr%, ibcntlé&) As Integer

C format: short WINAPI RSDLLibwrt ( short ud, char far
*Wrt, short far *ibsta, short far *iberr,
unsigned long far *ibcntl )

C format (UNIX): short RSDLLibwrt ( short ud, char *Wrt, short

*ibsta, short *iberr, unsigned long *ibcntl

)

Parameters: ud Device handle
file File whose contents is sent to the
device.
Example: RSDLLibwrtf (ud, "C:\db.sav", ibsta, iberr,
ibcntl)

This function allows setting and query commands to be sent to the measuring instru-
ments. Whether the data is interpreted as a complete command can be set using the
function RSDL.Libeot ().
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RSDLLibrd()
The function reads data from the device with the handle ud into the string Rd.

VB format: Function RSDLLibrd (ByVal ud%, ByVal RdS$,
ibsta%, iberr%, ibcntlé&) As Integer
C format: short WINAPI RSDLLibrd( short ud, char far

*Rd, short far *ibsta, short far *iberr,
unsigned long far *ibcntl )

C format (UNIX): short RSDLLibrd( short ud, char *Rd, short
*ibsta, short *iberr, unsigned long *ibcntl

)

Parameters: ud Device handle
Rd String to which the read data is copied.
Example: RSDLLibrd (ud, Rd, ibsta, iberr, ibcntl)

This function fetches the responses of the GPIB parser to a query.

In the case of Visual Basic programming, a string of sufficient length must be gener-
ated beforehand. This can be done during the definition of the string or using the
command SpaceS$ ().

Generation of a string of the length 100:
— Dim Rd as String * 100

— Dim Rd as String
Rd = Space$ (100)

RSDLLilrd

This function reads cnt bytes from the device with the handle ud.

VB format: Function RSDLLilrd (ByVal ud%, ByVal RdS$,
ByVal Cnté&, ibsta%, iberr%, ibcntlé&) As
Integer

C format: short WINAPI RSDLLilrd( short ud, char far

*Rd, unsigned long Cnt, short far *ibsta,
short far *iberr, unsigned long far *ibcntl
)

C format (UNIX): short RSDLLilrd( short ud, char *Rd,
unsigned long Cnt, short *ibsta, short
*iberr, unsigned long *ibcntl )

Parameters: ud Device handle
cnt Maximum number of bytes copied from
the DLL into the target string Rd.
Example: RSDLLilrd (ud, RD, 100, ibsta, iberr,
ibcntl)

Like the function RSDLLibrd (), this function reads data from a device. The only
difference is that in this case the maximum number of bytes to be copied to the tar-
get string Rd can be indicated by means of Cnt. This function prevents writing
beyond the end of the string.
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RSDLLibrdf()

Reads data from the device with the handle ud into the file file.

VB format: Function RSDLLibrdf (ByVal ud%, ByVal
file$, ibsta%, iberr%, ibcntl&) As Integer

C format: short WINAPI RSDLLibrd( short ud, char far
*file, short far *ibsta, short far *iberr,
unsigned long far *ibcntl )

C format (UNIX): short RSDLLibrd( short ud, char *file, short

*ibsta, short *iberr, unsigned long *ibcntl

)

Parameters: ud Device handle
file File to which the read data is written.
Example: RSDLLibrdf (ud, "c:\db.sav", ibsta, iberr,
ibcntl)

The file name may as well include a drive or path specification.

RSDLLibtmo

This function defines the time-out for a device. The default value for the time-out is
set to 5 seconds.

VB format: Function RSDLLibtmo (ByVal ud%, ByVal tmo%,
ibsta%, iberr%, ibcntlé&) As Integer

C format: void WINAPI RSDLLibtmo ( short ud, short tmo,
short far *ibsta, short far *iberr, unsigned
long far *ibcntl )

C format (UNIX): short RSDLLibtmo ( short ud, short tmo, short
*ibsta, short *iberr, unsigned long *ibcntl

)

Parameters: ud Device handle
tmo Time-out in seconds
Example: RSDLLibtmo (ud, 10, ibsta, iberr, ibcntl)
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RSDLLibsre

This function sets the device to the 'LOCAL' or 'REMOTE' state.

VB format: Function RSDLLibsre (ByVal ud%, ByVal v%,
ibsta%, iberr%, ibcntl&) As Integer

C format: void WINAPI RSDLLibsre( short ud, short v,

short far *ibsta, short far *iberr, unsigned
long far *ibcntl)
C format (UNIX): short RSDLLibsre( short ud, short v, short

*ibsta, short *iberr, unsigned long

*ibcntl)
Parameters: ud Device handle
v State of device
0 - local
1 - remote
Example: RSDLLibsre (ud, 0, ibsta, iberr, ibcntl)
RSDLLibloc
This function temporarily switches the device to the 'LOCAL' state.
VB format: Function RSDLLibloc (ByVal ud%, ibsta%,
iberr%, ibcntl&) As Integer
C format: void WINAPI RSDLLibloc ( short ud, short far
*ibsta, short far *iberr, unsigned long far
*ibcntl)

C format (UNIX): short RSDLLibloc( short ud, short *ibsta,
short *iberr, unsigned long *ibcntl)

Parameter: ud Device handle
Example: RSDLLibloc (ud, ibsta, iberr, ibcntl)

After switch over to LOCAL state, the instrument can be manually operated via the
front panel. On the next access to the instrument by means of one of the functions of
the library, the instrument is switched again to the REMOTE state.

RSDLLibeot

This function enables or disables the END message after write operations.

VB format: Function RSDLLibeot (ByVal ud%, ByVal v%,
ibsta%, iberr%, ibcntl&) As Integer

C format: void WINAPI RSDLLibsre( short ud, short v,

short far *ibsta, short far *iberr, unsigned
long far *ibcntl)
C format (UNIX): short RSDLLibsre( short ud, short v, short

*ibsta, short *iberr, unsigned long

*ibcntl)
Parameters: ud Device handle
v 0 - no END message 1 — send END
message
Example: RSDLLibeot (ud, 1, ibsta, iberr, ibcntl)
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If the END message is disabled, the data of a command can be sent with several
successive calls of write functions. The END message must be enabled again
before sending the last data block.

RSDLLibrsp

This function performs a serial poll and provides the status byte of the device.

VB format: Function RSDLLibrsp (ByVal ud%, spr$%,
ibsta%, iberr%, ibcntlé&) As Integer

C format: void WINAPI RSDLLibrsp( short ud, char far*
spr, short far *ibsta, short far *iberr,
unsigned long far *ibcntl)

C format (UNIX): short RSDLLibrsp( short ud, char *spr,
short *ibsta, short *iberr, unsigned long

*ibcntl)
Parameters: ud Device handle
spr Pointer to status byte
Example: RSDLLibrsp (ud, spr, ibsta, iberr, ibcntl)

RSDLLibonl

This function switches the device to 'online' or 'offline' mode. When it is switched to
‘offline’ mode, the interface is released and the device handle becomes invalid. By
calling RSDLLibfind again, the communication is set up again.
VB format: Function RSDLLibonl (ByVal ud%, ByVal v$%,
ibsta%, iberr%, ibcntlé&) As Integer
C format: void WINAPI RSDLLibonl ( short ud, short v,
short far *ibsta, short far *iberr,
unsigned long far *ibcntl)

C format: short RSDLLibonl ( short ud, short v, short
*ibsta, short *iberr, unsigned long
*ibcntl)
Parameters: ud Device handle
v Device state
0 - local
1 - remote
Example: RSDLLibonl (ud, 0, ibsta, iberr, ibcntl)
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RSDLLTestSRQ

This function checks the status of the SRQ bit.

VB format: Function RSDLLTestSrqg (ByVal ud%, Result?,
ibsta%, iberr%, ibcntlé&) As Integer

C format: void WINAPI RSDLLTestSrqg( short ud, short

far *result, short far *ibsta, short far
*iberr, unsigned long far *ibcntl)

C format (UNIX): short RSDLLTestSrg( short ud, short
*result, short *ibsta, short *iberr,

unsigned long *ibcntl)

Parameters: ud Device handle
result Reference to an integer value in which
the library returns the status of the
SRQ bit
0-no SRQ
1 - SRQ active, device requests ser-
vice
Example: RSDLLTestSrq (ud, result%, ibsta, iberr,
ibcntl)

This function corresponds to the function RSDLLWaitSrqg. The only difference is
that RSDLLTestSRQ immediately returns the current status of the SRQ bit, whereas
RSDLLWaitSrq waits for an SRQ to occur.

RSDLLWaitSrq

This function waits until the device triggers an SRQ with the handle ud.

VB format: Function RSDLLWaitSrqg (ByVal ud%, Result$,
ibsta%, iberr%, ibcntlé&) As Integer

C format: void WINAPI RSDLLWaitSrg( short ud, short
far *result, short far *ibsta, short far
*iberr, unsigned long far *ibcntl)

C format (UNIX): short RSDLLWaitSrqg( short ud, short
*result, short *ibsta, short *iberr,
unsigned long *ibcntl)

Parameters: ud Device handle
result Reference to an integer value in which
the library returns the status of the
SRQ bit
0 - No SRQ occurred during the time-
out
1 - SRQ occurred during the time-out
Example: RSDLLWaitSrg( ud, result, ibsta, iberr,
ibcntl ) ;

The function waits until one of the following two events occurs.
« The measuring instrument triggers an SRQ.

* No SRQ occurs during the time-out defined with RSDLLibtmo () .
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RSDLLSwapBytes

This function changes the display of binary numbers on non-Intel platforms.

VB format: Not provided at present since it is
required only on non-Intel platforms.

C format: void WINAPI RSDLLSwapBytes( void far
*pArray, const long size, const long count)

C format (UNIX): void RSDLLSwapBytes( void *pArray, const
long size, const long count)

Parameters: pArray Array in which modifications are made
size Size of a single element in pArray
count Number of elements in pArray

Example: RSDLLSwapBytes ( Buffer, sizeof (float),

ibcntl/sizeof (float))

This function swaps the display of various elements from Big Endian to Little Endian
and vice versa. It is expected that a coherent storage area of elements of the same
file type (size byte) is transferred to pArray. This function has no effect on Intel
platforms.

Different types of processor architecture store data in different byte sequences. For
example, Intel processors store data in the reverse order of Motorola processors.
Comparison of byte sequences:

Byte sequence Use in Display in memory Description
Big Endian Motorola processors, | Most significant byte at The most significant
network standard least significant address | byte is at the left end
of the word.
Little Endian Intel processors Least significant byte at | The most significant
least significant address | byte is at the right
end of the word.

411.2 Programming via the RSIB Protocol
4.11.21 Visual Basic
Programming tips
Access to the functions of the RSIB.DLL
To create Visual Basic control applications, the file RSIB.BAS must be added to a
project for 16-bit Basic programs and the file RSIB32.BAS for 32-bit Basic programs

(D:\R_S\INSTR\RSIB) so that the functions of the RSIB.DLL or RSIB32.DLL can be
accessed.
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Generating a response buffer

Prior to calling the functions RSDLLibrd () and RSDLLilrd (), a string of suffi-
cient length must be generated. This is possible either by defining the string or using
the command Spaces ().

Generating a string of the length 100:
— Dim Response as String * 100

— Dim Response as String
Response = Space$ (100)

If a response is to be output as a string from the measuring instrument, the
appended blanks can be removed using the Visual Basic Function RTrim().

Example:

Response = Space$ (100)

Call RSDLLibrd(ud, Response, ibsta, iberr, ibcntl)
Response = RTrim(Response)

' Output of Response

Reading out trace data in real format

Using the function declarations in the file RSIB.BAS or RSIB32.BAS the responses
of the device can be assigned to one string only. If the data are to be read into an
array with float values, the header and the useful data must be read out with sepa-
rate function calls.

Example of a header

# 4 2004
) Length of data, e.g.
Prefix for Number of digits of 501 pixels
binary data the following length 4 bytes/pixel
indication

In order to enable the trace data to be directly read into a float array, a special func-
tion declaration must be created.

Declare Function RSDLLilrdTraceReal Lib "rsib32.dl11" Alias
"RSDLLilrd" (ByVal ud%, Rd As Single, ByVal Cnté&, ibsta$%,
iberr%, ibcntl&) As Integer
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Example
Dim ibsta As Integer ' Status variable
Dim iberr As Integer ' Error variable
Dim ibcntl As Long ' Count variable
Dim ud As Integer ' Handle for measuring instrument
Dim Result As String ' Buffer for simple results
Dim Digits As Byte ' Number of digits of length indication
Dim TraceBytes As Long ' Length of trace data in bytes
Dim TraceData (625) As Single ' Buffer for floating point Binary data

' Set up connection to instrument
ud = RSDLLibfind("89.10.38.97", ibsta, iberr, ibcntl)

' Query trace data in real format
Call RSDLLibwrt (ud, "FORM:DATA REAL, 32", ibsta, iberr, ibcntl)
Call RSDLLibwrt (ud, "TRACE? TRACEl", ibsta, iberr, ibcntl)

' Read number of digits of length indication
Result = Spaces$ (20)

Call RSDLLilrd(ud, Result, 2, ibsta, iberr, ibcntl)
Digits = Val (Mid$ (Result, 2, 1))

' Read length indication

Result = Space$ (20)

Call RSDLLilrd(ud, Result, Digits, ibsta, iberr, ibcntl)
TraceBytes = Val (Left$ (Result, Digits)) 'and store

' Read out trace data
Call RSDLLilrdTraceReal (ud, TraceData(0), TraceBytes, ibsta, iberr,ibcntl)

Programming examples

In this example, the start frequency of the instrument is queried.

Dim ibsta As Integer ' Status variable

Dim iberr As Integer ' Error variable

Dim ibcntl As Long ' Count variable

Dim ud As Integer ' Handle for measuring instrument
Dim Response As String ' Response string

' Set up connection to measuring instrument
ud = RSDLLibfind("89.10.38.97", ibsta, iberr, ibcntl)
If (ud < 0) Then
' Error treatment
End If

' Send query command
Call RSDLLibwrt (ud, "FREQ:START?", ibsta, iberr, ibcntl)
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' Provide space for response
Response = Space$ (100)

' Read response from measuring instrument
Call RSDLLibrd(ud, Response, ibsta, iberr, ibcntl)

In this example, a Save/Recall of the instrument setups is performed.

Dim ibsta As Integer ' Status variable
Dim iberr As Integer ' Error variable
Dim ibcntl As Long ' Count variable
Dim ud As Integer ' Handle for measuring instrument
Dim Cmd As String ' Command string

' Set up connection to measuring instrument
ud = RSDLLibfind("89.10.38.97", ibsta, iberr, ibcntl)
If (ud < 0) Then
' Error treatment
End If

' Request instrument settings
Cmd = "SYST:SET?"
Call RSDLLibwrt (ud, Cmd, ibsta, iberr, ibcntl)

' Store instrument response in file
Call RSDLLibrdf (ud, "C:\db.sav", ibsta, iberr, ibcntl)

' Reset instrument
Call RSDLLibwrt (ud, "*RST", ibsta, iberr, ibcntl)

' and restore the previous settings

' to this end disable the END message

Call RSDLLibeot (ud, 0, ibsta, iberr, ibcntl)

' first send off command

Call RSDLLibwrt (ud, "SYST:SET ", ibsta, iberr, ibcntl)
' enable the END message again

Call RSDLLibeot (ud, 1, ibsta, iberr, ibcntl)

' and send the data

Call RSDLLibwrtf (ud, "C:\db.sav", ibsta, iberr, ibcntl)

Operating Manual 1166.1725.12 - 08 4.255



R&S FSU Instrument Functions

RSIB Interface Functions

4.11.2.2 Visual Basic for Applications (Winword and Excel)
Programming tips

The programming language Visual Basic for Applications (VBA) is supported as a
macro language by various manufacturers. The programs Winword and Excel use
this language for the versions Winword 97 or Excel 5.0 and higher.

For macros created with Visual Basic for Applications, the same tips are valid as for
Visual Basic Applications.
Programming example

Using the macro QueryMaxPeak, a single sweep with subsequent query of the
maximum peak is performed. The result is entered in a Winword or Excel document.

Sub QueryMaxPeak ()

Dim ibsta As Integer ' Status variable

Dim iberr As Integer ' Error variable

Dim ibcntl As Long ' transferred characters

Dim ud As Integer ' Unit Descriptor (handle)for instrument
Dim Response As String ' Response string

' Set up connection to measuring instrument

ud = RSDLLibfind("89.10.38.97", ibsta, iberr, ibcntl)
If (ud < 0) Then

Call MsgBox ("Device with address 89.10.38.97 could" & _

"not be found", vbExclamation)

End
End If
' Determine maximum peak in the range 1-2MHZ
Call RSDLLibwrt (ud, "*RST", ibsta, iberr, ibcntl)
Call RSDLLibwrt (ud, "INIT:CONT OFF", ibsta, iberr, ibcntl)
Call RSDLLibwrt (ud, "FREQ:START 1MHZ", ibsta, iberr, ibcntl)
Call RSDLLibwrt (ud, "FREQ:STOP 2MHZ", ibsta, iberr, ibcntl)
Call RSDLLibwrt (ud, "INIT:IMM;*WAI", ibsta, iberr, ibcntl)
Call RSDLLibwrt (ud, "CALC:MARK:MAX;Y?", ibsta, iberr, ibcntl)
Response = Space$ (100)
Call RSDLLibrd(ud, Response, ibsta, iberr, ibcntl)
Response = RTrim(Response) ' Cut off space

u

(
(
(
(

u

' Insert value in current document (Winword)

Selection.InsertBefore (Response)
Selec