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Key Features

1 Preface

1.1 Key Features

The R&S FPL1000 sets standards in RF performance and usability. Outstanding key
features are:

One instrument for multiple applications

® Spectrum analysis

® Signal analysis of analog and digitally modulated signals

® Power measurements with power sensors

® Noise figure and gain measurements

Solid RF performance

® |ow spurious response

® |ow displayed average noise level (DANL)

® 40 MHz signal analysis bandwidth

® [ow level measurement uncertainty

® Precise spectral measurements due to low phase noise

Intuitive user interface

® High-resolution display

® Multipoint touchscreen

® Flexible arrangement of results and MultiView
® Toolbar

® (Quiet operation

Fully portable

® Battery pack and 12 /24 V power supply
® (Carrying bag and shoulder harness

® | ow power consumption



R&S®FPL1000 Safety and Regulatory Information

2 Safety and Regulatory Information

The product documentation helps you use the product safely and efficiently. Follow the
instructions provided here and in the Chapter 2.1, "Safety Instructions", on page 8.

Intended use

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

Where do | find safety information?

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

® |n Chapter 2.1, "Safety Instructions", on page 8. The same information is provi-
ded in many languages as printed "Safety Instructions". The printed "Safety
Instructions" are delivered with the product.

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

2.1 Safety Instructions

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

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

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

If any part of the product is damaged or broken, stop using the product. Never open
the casing of the product. Only service personnel authorized by Rohde & Schwarz are
allowed to repair the product. Contact Rohde & Schwarz customer service at http:/
www.customersupport.rohde-schwarz.com.

Lifting and carrying the product

The maximum weight of the product is provided in the data sheet. To move the product
safely, you can use lifting or transporting equipment such as lift trucks and forklifts. Fol-
low the instructions provided by the equipment manufacturer.

[
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Choosing the operating site

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

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

Setting up the product

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

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

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

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

Connecting to power

The product is an overvoltage category Il product and has to be connected to a fixed
installation used to supply energy-consuming equipment such as household applian-
ces and similar loads. Be aware that electrically powered products have risks, such as
electric shock, fire, personal injury or even death.

Take the following measures for your safety:

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

® |f a product has an exchangeable fuse, its type and characteristics are indicated
next to the fuse holder. Before changing the fuse, switch off the instrument and dis-
connect it from the power source. How to change the fuse is described in the prod-
uct documentation.

® Only use the power cable delivered with the product. It complies with country-spe-
cific safety requirements. Only insert the plug into an outlet with protective conduc-
tor terminal.

® Only use intact cables and route them carefully so that they cannot be damaged.
Check the power cables regularly to ensure that they are undamaged. Also ensure
that nobody can trip over loose cables.

User Manual 1178.3370.02 — 09 9
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® |f the product needs an external power supply, use the power supply that is deliv-
ered with the product or that is recommended in the product documentation or a
power supply that conforms to the country-specific regulations.

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

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

Cleaning the product

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

Meaning of safety labels

Safety labels on the product warn against potential hazards.

Potential hazard

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

Electrical hazard

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

Hot surface

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

Protective conductor terminal

Connect this terminal to a grounded external conductor or to protective ground. This protects
you against electric shock should an electric problem occur.

® B B>

Handling batteries safely

The product contains lithium polymer or lithium ion cells or batteries. The use of the
word battery in the following always means all types. Only the battery contents are
potentially hazardous. As long as a battery is undamaged and the seals remain intact,
there is no danger.

Impact, shock or heat can cause damage such as dents, punctures and other deforma-
tions. A damaged battery poses a risk of personal injury. Handle a damaged or leaking
battery with extreme care. Immediately ventilate the area since the battery releases
harmful gases. If you come into contact with the battery fluid, immediately remove all
contaminated clothing. Irritation can occur if the battery fluid comes in contact with your
skin or eyes. Immediately and thoroughly rinse your skin or eyes with water and seek
medical aid.

For safe handling, follow these rules:
® Do not short-circuit the battery.
® Do not mechanically damage the battery. Do not open or disassemble the battery.

User Manual 1178.3370.02 — 09 10
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® Do not expose the battery to high temperatures such as open flames, hot surfaces
and sunlight.

® Only use the battery with the designated Rohde & Schwarz product.

® Only use the appropriate Rohde & Schwarz charger to charge the batteries. If the
batteries are improperly charged, there is a risk of explosion. For charging and dis-
charging temperature ranges, see the product documentation.

® Store the battery at room temperature (approximately 20 °C) enclosed in the origi-
nal packaging.

® Dispose of batteries separately from normal household waste as specified by the
local waste disposal agency.

If you disregard these rules, you risk serious personal injury or even death due to
explosion, fire or hazardous chemical substances. The product documentation pro-
vides further details.

When replacing a defective battery, only use the same Rohde & Schwarz battery type.
When returning batteries to Rohde & Schwarz subsidiaries, choose a carrier qualified
to transport dangerous goods and follow the carrier’s transport stipulations in line with
IATA-DGR, IMDG-Code, ADR or RID. If you need assistance, contact the carrier or
Rohde & Schwarz customer service.

Connecting headphones

Take the following measures to prevent hearing damage. Before using headphones,
check the volume and reduce it if necessary. If you monitor varying signal levels, take
off the headphones and wait until the signal has settled. Then adjust the volume.

2.2 Labels on R&S FPL1000

Labels on the casing inform about:

® Personal safety, see "Meaning of safety labels" on page 10

® Product and environment safety, see Table 2-1

® |dentification of the product, see Chapter 5.2.2.14, "Device ID", on page 42
Table 2-1: Labels regarding R&S FPL1000 and environment safety

Labeling in line with EN 50419 for disposal of electrical and electronic equipment after the prod-
uct has come to the end of its service life. For more information, see the product user manual,
chapter "Disposal".

Labeling in line with directive 2006/66/EC for disposal of batteries after they have come to the
end of their service life. For more information, see the R&S FPL1000 user manual, chapter
"Disposal".

4 |13

54
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3

3.1

3.3

Service Manual

Documentation-Overview

This section provides an overview of the R&S FPL1000 user documentation. Unless
specified otherwise, you find the documents on the R&S FPL1000 product page at:

www.rohde-schwarz.com/manual/FPL1000

Getting Started Manual

Introduces the R&S FPL1000 and describes how to set up and start working with the
product. Includes basic operations, typical measurement examples, and general infor-
mation, e.g. safety instructions, etc.

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

User Manuals and Help

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

® Base unit manual
Contains the description of all instrument modes and functions. It also provides an
introduction to remote control, a complete description of the remote control com-
mands with programming examples, and information on maintenance, instrument
interfaces and error messages. Includes the contents of the getting started manual.

® Firmware application manual
Contains the description of the specific functions of a firmware application, includ-
ing remote control commands. Basic information on operating the R&S FPL1000 is
not included.

The contents of the user manuals are available as help in the R&S FPL1000. The help
offers quick, context-sensitive access to the complete information for the base unit and
the firmware applications.

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

Service Manual

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

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


http://www.rohde-schwarz.com/manual/FPL1000

3.4

3.5

3.6

3.7

3.8

Application Notes, Application Cards, White Papers, etc.

https://gloris.rohde-schwarz.com

Instrument Security Procedures

Deals with security issues when working with the R&S FPL1000 in secure areas. It is
available for download on the Internet.

Basic Safety Instructions

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

Data Sheets and Brochures

The data sheet contains the technical specifications of the R&S FPL1000. It also lists
the firmware applications and their order numbers, and optional accessories.

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

See www.rohde-schwarz.com/brochure-datasheet/FPL1000

Release Notes and Open Source Acknowledgment
(OSA)

The release notes list new features, improvements and known issues of the current
firmware version, and describe the firmware installation.

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

See www.rohde-schwarz.com/firmware/FPL1000

Application Notes, Application Cards, White Papers,
etc.

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

See www.rohde-schwarz.com/application/FPL1000


https://gloris.rohde-schwarz.com
http://www.rohde-schwarz.com/brochure-datasheet/FPL1000
http://www.rohde-schwarz.com/firmware/FPL1000
http://www.rohde-schwarz.com/application/FPL1000

Calibration Certificate

3.9 Calibration Certificate

The document is available on https://gloris.rohde-schwarz.com/calcert. You need the
device ID of your instrument, which you can find on a label on the rear panel.


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

4 Welcome to the R&S FPL1000

The R&S FPL1000 is a new Rohde & Schwarz signal and spectrum analyzer devel-
oped to meet demanding customer requirements. Offering low phase noise, wide
analysis bandwidth and straightforward and intuitive operation, the analyzer makes
measurements fast and easy.

This user manual contains a description of the functionality that the instrument pro-
vides, including remote control operation. The latest version is available for download
at the product homepage (http://www.rohde-schwarz.com/product/FPL1000).
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5 Getting Started

5.1 Preparing for Use

This chapter describes the basic steps to be taken when setting up the product for the
first time.

®  Lifting @Nd CarmyiNg.......occueeiei e ciiiee ettt e e e e e s st e e e s snree e e e s srrae e e e s nnreeeeaeans 17
o Unpacking and CheCKiNG. ... . ... euiiiiiiaaeee ittt e e e e e e e e e 17
o Choosing the Operating Site........ccooi it 18
o Setting Up the R&S FPLA000........cciiireieieeiee e e esieeeiee e see e seee e e sneeeesneeeeeneeeens 18
L I O70 ) U=Tox 11 g o JN (o TN o 1VY =Y U PUURRR 20
®  SWitching ON OF Off...ciiiiee e e e s s sree e e e e anee 23
L JI O7o) [ =Tex 1 aTo I (o TN Y ORI 24
o  Connecting @ KeYDOArd.........coui ittt e 24
e Connecting an External MONItor........c..ooiiiiiiiii e 25
o  Windows Operating SYStEM.........uuuiiiiiieiieiiie i e e e s srrerr e e e e e e e e e s eeanrenes 27
L J 1 Yo o a1 o TS 28
e Checking the Supplied OpPtioNS........cceiiiiiiiiii e e 29
o Performing @ Self-AligNment.........c..uiiiiiiiiiie e 29
o Considerations for TeSt SetUP.....cccooiii i 30

5.1.1 Lifting and Carrying

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

See "Lifting and carrying the product” on page 8.

5.1.2 Unpacking and Checking

1. Unpack the R&S FPL1000 carefully.

2. Retain the original packing material. Use it when transporting or shipping the
R&S FPL1000 later.

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

If the delivery is incomplete or equipment is damaged, contact Rohde & Schwarz.
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5.1.3 Choosing the Operating Site

Specific operating conditions ensure accurate measurements and avoid damage to the
product and connected devices. For information on environmental conditions such as
ambient temperature and humidity, see the data sheet.

See also "Choosing the operating site" on page 9.

Electromagnetic compatibility classes
The electromagnetic compatibility (EMC) class indicates where you can operate the
product. The EMC class of the product is given in the data sheet under "General data".

® (lass B equipment is suitable for use in:
— Residential environments

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

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

5.1.4 Setting Up the R&S FPL1000

The R&S FPL1000 is designed for use either on a bench top or in a rack, or as a porta-
ble instrument (with optional battery operation) in a transport bag in the field.

See also:

® "Setting up the product" on page 9

® ‘"Intended use" on page 8

5.1.41 Placing the R&S FPL1000 on a Bench Top

To place the product on a bench top

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

2. CAUTION! Foldable feet can collapse. See "Setting up the product” on page 9.
Always fold the feet completely in or out. If they are folded out, do not place any-
thing on top or underneath.

3. CAUTION! The product can fall over and cause injury. The top surface is too small
for stacking. Never stack another product on top of the product.
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As an alternative, you can mount several products in a rack.

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

e Keep a minimum distance of 10 cm between the fan openings of the product
and any object in the vicinity.

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

5.1.4.2 Mounting the R&S FPL1000 in a Rack

To prepare the rack
1. Observe the requirements and instructions in "Setting up the product" on page 9.

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

To mount the R&S FPL1000 in a rack

1. Use an adapter kit to prepare the R&S FPL1000 for rack mounting.

a) Order the rack adapter kit designed for the R&S FPL1000. For the order num-
ber, see data sheet.

b) Mount the adapter kit. Follow the assembly instructions provided with the
adapter kit.

2. Lift the R&S FPL1000 to shelf height.

3. Grab the handles and push the R&S FPL1000 onto the shelf until the rack brackets
fit closely to the rack.

4. Tighten all screws in the rack brackets with a tightening torque of 1.2 Nm to secure
the R&S FPL1000 in the rack.

To unmount the R&S FPL1000 from a rack
1. Loosen the screws at the rack brackets.

2. Remove the R&S FPL1000 from the rack.
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3. If placing the R&S FPL1000 on a bench top again, unmount the adapter kit from
the R&S FPL1000. Follow the instructions provided with the adapter kit.

5.1.4.3 Portable Operation

An optional carrying bag designed specifically for the R&S FPL1000 allows you to pro-
tect the instrument while working in the field. The bag includes ventilation areas at the
position of the ventilation outlets in the casing to ensure air circulation. The transparent
cover allows you to operate the instrument without removing it from the bag. With the
help of the optional vest holster, you can carry the R&S FPL1000 in its bag and keep
your hands free. Together with the optional battery pack (see Chapter 5.1.5.3,
"Optional Battery Pack (R&S FPL1-B31)", on page 22), and packed in the dedicated
carrying bag, the R&S FPL1000 is ideally suited for operation directly in the field, even
in rough environments.

» Inspect the carrying bag for wear and tear before placing the instrument in it.

For details on optional accessories, see the R&S FPL1000 data sheet.

5.1.5 Connecting to Power

There are various options to supply power to the R&S FPL1000.
® The R&S FPL1000 is equipped with an AC power supply connector.

® The R&S FPL1000 can also be equipped with an optional (internal) DC power sup-
ply connector (R&S FPL1-B30).
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5.1.5.1

5.1.5.2

® The R&S FPL1000 allows for battery operation if option R&S FPL1-B31 is installed.

Connecting the AC Power

The R&S FPL1000 can be used with different AC power voltages and adapts itself
automatically to it. Refer to the datasheet for the requirements of voltage and fre-
quency.

For safety information, see "Connecting to power" on page 9.

To connect the AC power

1. Plug the AC power cable into the AC power connector on the rear panel of the
instrument. Only use the AC power cable delivered with the R&S FPL1000.

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

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

For details on the connector, refer to Chapter 5.2.2.2, "AC Power Supply Connection
and Main Power Switch", on page 38.

Connecting an Optional DC Power Supply (R&S FPL1-B30)

The R&S FPL1000 can also be equipped with an optional DC power supply connector
(R&S FPL1-B30). If installed, the R&S FPL1000 can be operated by a DC voltage of
+12 Vto +24 V.

If you use an external power supply unit to supply safety extra-low DC voltage (SELV)
to the instrument, be sure to meet the requirements for reinforced/double insulation in
accordance with DIN/EN/IEC 61010 (UL 3111, CSA C22.2 No. 1010.1) or DIN/EN/IEC
60950 (UL 1950, CSA C22.2 No. 950). Provide current limitation in accordance with
DIN EN 61010-1 Appendix F2.1.

Also see "Connecting to power" on page 9.

) === DC12..24V

===DC13..65A

DC connection

» Connect the DC power connector on the rear panel of the R&S FPL1000 to the DC
power source.

|
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Optional Battery Pack (R&S FPL1-B31)

As an alternative to the fixed AC or DC power supply, the R&S FPL1000 also allows for
battery operation. The "Battery Pack" option R&S FPL1-B31 comprises two Li-ion bat-
teries and an internal charger. The internal charger charges the batteries whenever the
instrument is connected to AC or DC power. During operation, if neither DC nor AC
power is supplied, the R&S FPL1000 automatically switches to battery operation.

The battery pack can be retrofitted by Rohde&Schwarz service.

For safety information, see "Handling batteries safely” on page 10.

Li-lon Battery

Charging batteries

Charge the batteries before using battery operation for the first time. Following a long
storage period, it can be necessary to charge and discharge the batteries several times
to reach full capacity.

For batteries from third parties, follow the instructions provided by the manufacturer.
For batteries manufactured by Rohde & Schwarz, observe the following:

e |finserted in the R&S FPL1000, batteries are charged via the common AC or DC
power supply.

® You can also use the external battery charger R&S FSV-B34 to charge up to 4 bat-
teries.

® (Charge in a temperature range from +0 °C to +45 °C. If the temperature is above
or below these values, or the temparature varies strongly, charging is interrupted. If
the battery temperature rises above +53 °C, charging is stopped.

® Try not to overcharge the battery too often because overcharging reduces the ser-
vice life of the battery.

When the battery is being charged in standby mode, the [Power] LED blinks. During
operation, the status bar indicates that the battery is being charged.
Remote command to determine the battery charge state:

DIAGnostic:SERVice:BATTery:LEVel? on page 972

Spare battery pack (R&S FPL1-Z4)

In addition to the internal battery pack (option R&S FPL1-B31), spare batteries are
available for the R&S FPL1000. The spare battery pack R&S FPL1-Z4 comprises two
additional Li-ion batteries.

Outside the R&S FPL1000, batteries can be charged using the external battery charger
R&S FSV-B34. Even during battery operation, you can exchange the internal batteries
while the R&S FPL1000 is running, as long as one battery remains in the instrument.
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However, it is not recommended to operate the R&S FPL1000 with only one battery for
a longer period.

Switching On or Off

Table 5-1: Overview of power states

Status LED on Power key Position of main power switch
Off gray [0]
Standby @ orange [
Ready @ green 1]

To switch on the R&S FPL1000
The R&S FPL1000 is off but connected to power.

1.

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

See Chapter 5.2.2.2, "AC Power Supply Connection and Main Power Switch",
on page 38.

The LED of the Power key is orange.

See Chapter 5.2.1.2, "Power Key", on page 33.

Press the Power key.
See Table 5-1.

The LED changes to green.
The instrument operates on battery, DC, or AC power, whichever is supplied. The
R&S FPL1000 boots.

After booting, the instrument is ready for operation.

To shut down the product

The product is in the ready state.

> Press the Power key.

The operating system shuts down. The LED changes to orange.

To disconnect from power

The R&S FPL1000 is in the standby state.

1.

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

Set the switch on the power supply to position [0].
See Chapter 5.2.2.2, "AC Power Supply Connection and Main Power Switch",
on page 38.

The LED of the standby key is switched off.



Preparing for Use

2. Disconnect the R&S FPL1000 from the power source.

5.1.7 Connecting to LAN

You can connect the instrument to a LAN for remote operation via a PC. For details on
the connector, see Chapter 5.2.2.7, "LAN", on page 39.

» NOTICE! Risk of network failure.
Consult your network administrator before performing the following tasks:
e Connecting the instrument to the network
e Configuring the network
e Changing IP addresses
e Exchanging hardware

Errors can affect the entire network.
Connect the R&S FPL1000 to the LAN via the LAN interface on the rear panel of
the instrument.

Windows automatically detects the network connection and activates the required
drivers.

By default, the R&S FPL1000 is configured to use DHCP and no static IP address
is configured.

FPL1003-123456. For information on determining the serial number, see Chap-

@ The default instrument name is <Type><variant>-<serial_number>, for example,
ter 5.2.2.14, "Device ID", on page 42.

For more information on LAN configuration, see the R&S FPL1000 user manual.

5.1.7.1 Virus Protection

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

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

5.1.8 Connecting a Keyboard

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


http://www.rohde-schwarz.com/appnote/1EF96
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However, you can also connect foreign language keyboards; currently the following
languages are supported for the R&S FPL1000:

® German
® Swiss

® French
® Russian

To configure the keyboard language

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

2. Select "Start > Settings > Time & language > Region & language > Add a lan-
guage" .
5.1.9 Connecting an External Monitor

You can connect an external monitor (or projector) to the "DVI" connector on the rear
panel of the R&S FPL1000 (see also Chapter 5.2.2.6, "DVI", on page 39).

Screen resolution and format

The touchscreen of the R&S FPL1000 is calibrated for a 16:10 format. If you connect a
monitor or projector using a different format (e.g. 4:3), the calibration is not correct and
the screen does not react to your touch actions properly.

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

The R&S FPL1000 supports a minimum resolution of 1280x768 pixels.

1. Connect the external monitor to the R&S FPL1000.
Press the [Setup] key.
Press the "Display" softkey.

w0 DN

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

The standard Windows "Screen Resolution" dialog box is displayed.
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il @ = Al Control Panel Items + Display * Screen Resolution

Change the appearance of your displays

ol -

Display: 175531201210 ~ |
Resclution: 1280 = BOO (recommended)  ~ |
Orientation: Landscape X

Multiple displays: | Show desktoponlyen1 ~ |
This is currently your main display. Advanced settings

Make text and other items larger or smaller

What display settings should [ choose?

5. If necessary, change the screen resolution. Consider the information in the note
above.

6. Select the instrument for display:

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

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

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

Fixing a wrong touchscreen mapping

If an external monitor is connected, the touchscreen function is erroneously mapped to
the external monitor by default. This mismatch is particularly cumbersome in extended
display mode, where touch gestures on the instrument screen actually operate on the
external screen. Also in duplicate mode, touch screen operation malfunctions if the res-
olutions of internal and external display do not match.

To fix the mapping between touchscreen and display, connect an external monitor to
the R&S FPL1000 and proceed as follows:

1. Select [Setup] > "Display" > "Configure Monitor" > "Display Switch" to bring up the
Windows 10 "PROJECT" notification window.
Or press [Win]+[P] on a connected keyboard.

2. Select "Extend".



R&S®FPL1000 Getting Started
______________________________________________________________________________________________________________________________________________________________|

3. Inthe Windows task bar, search for "tablet" and select "Tablet PC Settings"

4. In the "Tablet PC Settings" dialog, select "Setup...". Enter the administrator pass-
word to proceed.
Observe the message "Touch this screen to identify it as the touchscreen" on the
internal touch screen.

5. Tap on the internal touch screen.

6. Press [ENTER].
Observe the message "Touch this screen to identify it as the touchscreen" on the
external screen.

7. If the external monitor is also a touchscreen, tap on it.

8. Press [ENTER].

Touch screen operation functions correctly now. Use the "PROJECT" flyout again
to select the appropriate display mode.

5.1.10 Windows Operating System

The instrument contains the Windows operating system which has been configured
according to the instrument's features and needs. Changes in the system Setup are
only required when peripherals like a keyboard or a printer are installed or if the net-
work configuration does not comply with the default settings. After the R&S FPL1000 is
started, the operating system boots and the instrument firmware is started automati-
cally.

Tested software

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

You can install additional software on the instrument; however, additional software can
impair instrument function. Thus, run only programs that Rohde & Schwarz has tested
for compatibility with the instrument software.

The following program packages have been tested:
® Symantec Endpoint Security — virus-protection software
® FileShredder - for reliable deletion of files on the hard disk

To access the "Start"” menu

The Windows "Start" menu provides access to the Windows functionality and installed
programs.

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

All necessary system settings can be defined in the "Start > Settings" menu.
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For required settings, refer to the Windows documentation and to the hardware
description.

5.1.10.1 Service Packs and Updates

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

For details and recommendations, see the following Rohde & Schwarz white paper:

® 1EF96: Malware Protection Windows 10

5.1.11 Logging On

Windows requires that users identify themselves by entering a user name and pass-

word in a login window. By default, the R&S FPL1000 provides two user accounts:

® "Instrument": a standard user account with limited access

® "Administrator": an administrator account with unrestricted access to the com-
puter/domain

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

Automatic login

When shipped, the instrument automatically logs on the default "Instrument" user to
Windows using the default password. This function is active until an administrator
explicitly deactivates it or changes the password.

For information on how to deactivate or reactivate the automatic login, refer to the
R&S FPL1000 user manual.

Passwords

For all default user accounts, the initial password is 894729. Note that this password is
very weak, and it is recommended that you change the password for both users after
initial login. An administrator can change the password in Windows for any user at any
time via "Start > Settings > Account > SignIn Options > Password > Change".

Switching users when using the automatic login function

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

1. Select the "Windows" icon in the toolbar to access the operating system of the
R&S FPL1000 (see also "To access the "Start" menu" on page 27).

2. Press [CTRL] + [ALT] + [DEL], then select "Sign out".
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The "Login" dialog box is displayed, in which you can enter the different user
account name and password.

Checking the Supplied Options

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

1. Press the [Setup] key.

2. Press the "System Config" softkey.

3. Switch to the "Versions + Options" tab in the "System Configuration" dialog.

A list with hardware and firmware information is displayed.

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

Performing a Self-Alignment

When strong temperature changes occur in the environment of the R&S FPL1000, or
after updating the firmware, you have to perform a self-alignment to align the data to a
reference source.

Performing a self-alignment

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

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

Depending on the installation settings, an automatic self-alignment is performed each
time the instrument is switched on. A dialog is displayed indicating how much warm-up
time is still required before self-alignment can be performed.

1. Press the [Setup] key.
2. Press the "Alignment" softkey.
3. Select the "Start Self Alignment" button in the "Alignment" dialog box.

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

To display the alignment results again later
® Press the [Setup] key.
® Press the "Alignment" softkey.
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5.1.14 Considerations for Test Setup

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

To suppress electromagnetic radiation during operation:

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

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

Preventing electrostatic discharge (ESD)

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

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

Ground yourself to prevent electrostatic discharge damage:

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

Signal input and output levels

Information on signal levels is provided in the data sheet. Keep the signal levels within
the specified ranges to avoid damage to the R&S FPL1000 and connected devices.

5.2 Instrument Tour

5.2.1 Front Panel View

This chapter describes the front panel, including all function keys and connectors.
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Figure 5-1: Front panel view of R&S FPL1000

1 = Power key

2 = USB (2.0) connectors

3 = System keys

4 = Touchscreen

5 = Function keys

6 = Keypad

7 = Navigation controls

8 = RF input 50 Q connector

9 = Internal generator output 50 Q connector *)

*) requires Internal Generator option R&S FPL1-B9

5.2.1.1 Touchscreen

All measurement results are displayed on the screen on the front panel. Additionally,
the screen display provides status and setting information and allows you to switch
between various measurement tasks. The screen is touch-sensitive, offering an alter-
native means of user interaction for quick and easy handling of the instrument.
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Figure 5-2: Touchscreen elements

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

2 = Tabs for individual channel setups

3 = Softkeys for function access

4 = Channel Setup bar for firmware and measurement settings

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

6 = Measurement results area

7 = Diagram footer with diagram-specific information, depending on application
8 = Instrument status bar with error messages and date/time display

Using touchscreen gestures, you can perform the following tasks (among others).
(See Chapter 5.3, "Trying Out the Instrument”, on page 42)

® Changing a setting

® Changing the display

® Changing the displayed result range in a diagram

® Moving a marker

® Zooming into a diagram

® Selecting a new evaluation method

e Scrolling through a result list or table

® Saving or printing results and settings

To imitate a right-click by mouse using the touchscreen, for example to open a context-
sensitive menu for a specific item, press the screen for about 1 second.

For details on touchscreen gestures, see Chapter 5.4.4, "Touchscreen Gestures”,
on page 74.
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Power Key
The [Power] key is located on the lower left corner of the front panel. It starts up and
shuts down the instrument.

See also "Connecting to power" on page 9 and Chapter 5.1.5, "Connecting to Power",
on page 20.

usB

The front panel provides two female USB connectors (USB-A, 2.0 standard) to connect
devices like a keyboard or a mouse. A memory stick can be connected to store and
reload instrument settings and measurement data.

The rear panel provides further USB connectors (standard 3.0), see Chapter 5.2.2.8,
"USB", on page 40.

System Keys
System keys set the instrument to a predefined state, change basic settings, and pro-
vide print and display functions.

A detailed description of the corresponding functions is provided in the R&S FPL1000
user manual.

Table 5-2: System keys

System key Assigned functions
[Preset] Resets the instrument to the default state.
[Setup] Provides basic instrument configuration functions, e.g.:

®  Reference frequency (external/internal)

Date, time, display configuration

LAN interface

Firmware update and enabling of options

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

Service support functions (self-test etc.)

®  Self-alignment (with spectrum analysis option)

[Mode] Manages channel setups

[Print] Provides configuration settings for the print function

[FILE] Provides save/recall functions for instrument settings and measurement
results

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

® At the bottom of the screen
e Off

Function Keys

Function keys provide access to the most common measurement settings and func-
tions.
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A detailed description of the corresponding functions is provided in the R&S FPL1000

user manual.

Table 5-3: Function keys

Function key

Assigned functions

[Freq]

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

[Span]

Sets the frequency span to be analyzed

[Ampt]

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

Sets the level offset and the input impedance

Activates the (optional) preamplifier

[(BW]

Sets the resolution bandwidth and the video bandwidth.

[Sweep]

Sets the sweep time and the number of measurement points

Selects continuous measurement or single measurement

[Trace]

Configures the graphical analysis of the measurement data

[Meas]

Provides the measurement functions:

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

Occupied bandwidth (OBW)

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

Measurement of time domain power (Time Domain Power)

Third-order intercept point (TOI)

AM modulation depth (AM Mod Depth)

[Meas Config]

Used to configure measurements and data input and output

[Lines]

Configures display lines and limit lines

[Mkr]

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

Selects special marker functions

[Mkr->]

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

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

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

[Trig]

Sets the trigger mode, the trigger threshold, the trigger delay, and the
gate configuration for gated sweep

[Peak]

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

[Run Single]

Starts and stops a single new measurement (Single Sweep Mode)

[Run Cont]

Starts and stops a continuous measurement (Continuous Sweep Mode)
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5.21.6 Keypad

The keypad is used to enter numeric parameters, including the corresponding units. It
contains the following keys:

Table 5-4: Keys on the keypad

Type of key Description
Decimal point Inserts a decimal point "." at the cursor position.
Sign key Changes the sign of a numeric parameter. For alphanumeric parame-

ters, inserts a "-" at the cursor position.

Unit keys Adds the selected unit to the entered numeric value and complete the
(GHz/-dBm MHz/dBm, kHz/dB, | &tY-
Hz/dB etc.) For level entries (e.g. in dB) or dimensionless values, all units have the

value "1" as multiplying factor. Thus, they have the same function as an
[ENTER] key.

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

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

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

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

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

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

5.2.1.7 Navigation Controls

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

Navigating in tables

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

Rotary Knob
The rotary knob has several functions:

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

® |n lists: toggles between entries
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® For markers, limit lines, and other graphical elements on the screen: moves their
position

® For active scroll bars: moves the scroll bar vertically
® Fordialog boxes: Acts like the [ENTER] key when pressed

Navigation Keys

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

Arrow Up/Arrow Down Keys

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

® For numeric entries: increments (arrow up) or decrements (arrow down) the instru-
ment parameter at a defined step width

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

Arrow Left/Arrow Right Keys

The <arrow left> or <arrow right> keys do the following:
® In an alphanumeric edit dialog box, move the cursor.
® |n alist, scroll forward and backward through the list entries.

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

RF INPUT 50 Q

Provides RF input from a connected device under test (DUT) to the R&S FPL1000,
which is then analyzed in an RF measurement. Connect the DUT to the "RF Input" on
the R&S FPL1000 via a cable equipped with an appropriate connector. Do not overload
the input. For maximum allowed values, see the data sheet.

See also Chapter 5.1.14, "Considerations for Test Setup”, on page 30.
GEN Output 50 Q
Provides signal output from the (optional) internal generator (requires Internal Genera-

tor option R&S FPL1-B9). Output levels range from -60 dBm to +10 dBm, with a resolu-
tion of 0.1 dB. For details, see the data sheet.

Rear Panel View

This figure shows the rear panel view of the R&S FPL1000. The individual elements
are described in more detail in the subsequent sections.
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Figure 5-3: Rear panel view

1+2 = Removable, rechargeable Li-ion batteries

= DC power connector

= AC power supply connection and main power switch with fuse
= GPIB (IEC 625) interface

= Reference clock connectors

= Trigger input connector

= "DVI" connector for external display

9 "LAN" connector

10 "USB" (3.0) connectors

11 = NRP power Sensor connector *)

12 = Headphones connector *)

13 = Aux. Port *)

14 ="IF/VIDEO OUT" connector *)

15 = NOISE SOURCE CONTROL *)

16 = Device ID with serial number and other labels

o ~NOoO O~ W

*) requires the "Additional Interfaces" option R&S FPL1-B5.

The meanings of the labels on the R&S FPL1000 are described in Chapter 2.2, "Labels
on R&S FPL1000", on page 11.

5.2.2.1 Li-lon Battery Packs and DC Power Connector

With the Li-ion battery pack (option R&S FPL1-B31), the R&S FPL1000 can be oper-
ated independently of an AC or DC power supply. The instrument can house 2 Li-ion
batteries which can be charged both via AC or DC power supply.

For safety information concerning batteries, see "Handling batteries safely"
on page 10.

As an alternative, a DC power supply connector (option R&S FPL1-B30) is available.
DC power supplies from +12 V to +24 V and from 13 A to 6.5 A can be used. Connect
the connector according to the following diagram:
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5.2.2.2

5.2.2.3

5.2.2.4

Instrument Tour

Pin Description
1 Plus
1 2 2 Ground
® 3 ® 3 Not used
®

If you use an external power supply unit to supply safety extra-low DC voltage (SELV)
to the instrument, be sure to meet the requirements for reinforced/double insulation in
accordance with DIN/EN/IEC 61010 (UL 3111, CSA C22.2 No. 1010.1) or DIN/EN/IEC
60950 (UL 1950, CSA C22.2 No. 950). Provide current limitation in accordance with
DIN EN 61010-1 Appendix F2.1.

Also see "Connecting to power" on page 9.

AC Power Supply Connection and Main Power Switch

An AC power supply connector and main power switch are located in a unit on the rear
panel of the instrument.

Main power switch function:

Position 1: The instrument is in operation.

Position O: The entire instrument is disconnected from the AC power supply.

For details, refer to "Connecting to power" on page 9 and Chapter 5.1.5, "Connecting
to Power", on page 20.

GPIB Interface

The optional GPIB interface (R&S FPL1-B10) is in compliance with IEEE488 and
SCPI. A computer for remote control can be connected via this interface. To set up the
connection, a shielded cable is recommended.

For details, see Chapter 10.1.1.2, "GPIB Interface (IEC 625/IEEE 418 Bus Interface)",
on page 545.

Ref. In / Ref. Out
The Ref. In connectors are used to provide an external reference signal to the
R&S FPL1000.

The Ref. Out connectors can be used to provide a reference signal from the
R&S FPL1000 to other devices that are connected to this instrument.

Various connectors are provided for different reference signals:
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Connector Reference signal Usage

Ref. In 10 MHz To provide an external reference signal on the
10 dBm R&S FPL1000.

Ref. Out 10 MHz To provide the internal reference signal from the
10 dBm R&S FPL1000 to another device continuously.

For the R&S FPL1000, this is also used to provide the
optional OCXO reference signal to another device.

5.2.2.5 TriggerIn

Use the female Trigger In connector to input an external trigger or gate data. Thus, you
can control the measurement using an external signal. The voltage level is 1.4 V. The
typical input impedance is 10 kQ.

5.2.2.6 DVI

You can connect an external monitor or other display device to the R&S FPL1000 via
the DVI (Digital visual interface) connector to provide an enlarged display.

For details, see Chapter 5.1.9, "Connecting an External Monitor", on page 25.

5.2.2.7 LAN

The R&S FPL1000 is equipped with a network interface and can be connected to an
Ethernet LAN (local area network). The network card can be operated with a 1 GBit
Ethernet IEEE 802.3u interface. Thus, a crossover cable is not necessary (due to Auto-
MDI(X) functionality).

The assignment of the RJ-45 connector supports twisted-pair category 5 UTP/STP
cables in a star configuration (UTP stands for unshielded twisted pair, and STP for
shielded twisted pair).

Provided the network administrator has assigned you the appropriate rights and adap-
ted the Windows firewall configuration, you can use the interface, for example:

® To transfer data between a controlling device and the test device, e.g. to run a
remote control program.

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

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

For details, see Chapter 10, "Network and Remote Operation”, on page 539.
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5.2.2.8 USB

The rear panel provides two additional female USB (3.0 standard) connectors to con-
nect devices like a keyboard, a mouse or a memory stick (see also Chapter 5.2.2.8,
"USB", on page 40).

5.2.2.9 Sensor Connector
The LEMOSA female connector is used to connect power sensors of the R&S NRP-
Zxy family. For a detailed list of supported sensors, see the data sheet.

For details on configuring and using power sensors, see Chapter 7.3.2, "Power Sen-
sors", on page 277.

6 This connector is provided by the "Additional Interfaces" option R&S FPL1-B5.

5.2.2.10 Aux. Port

A 25-pole SUB-D male connector used as an input and output for low-voltage TTL con-
trol signals (max. 5 V). This connector is provided by the "Additional Interfaces" option
R&S FPL1-B5.

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

Table 5-5: Pin assignment for optional AUX port

Pin Signal Description

1 GND Ground

2 not used for spectrum analysis
3 GND Ground

4 not used for spectrum analysis
5 GND Ground

6 not used for spectrum analysis




5.2.2.11

5.2.2.12

5.2.2.13

Instrument Tour

Pin Signal Description
7 GND Ground
8to 11 not used for spectrum analysis
12 GND Ground
13 +5V / max. 250 mA Supply voltage for external circuits
14t0 19 1/0_<no.> Control lines for user ports (see user manual)
20 GND Ground
21 READY FOR TRIG- Signal indicating that the instrument is ready to receive a trigger
GER signal.
The signal polarity is configurable.
221025 not used for spectrum analysis
23 GND Ground
24 to 25 not used for spectrum analysis

IF/Video Output
The female BNC connector can be used for various outputs in the Spectrum applica-
tion:

® Intermediate frequency (IF) output of approximately 20 MHz
® Video output (1V)

Which output is provided is defined in the software ("Overview" > "Output").
This connector is only available if the R&S FPL1-B5 option is installed.
For details, see "Data Output" on page 300.

Headphones Connector

The R&S FPL1000 provides demodulators for AM, FM and PM signals, which can be
routed to the headphone connector. With headphones or an external loudspeaker con-
nected to the 3.5 mm headphone socket, the displayed signal can be identified acousti-
cally.

This connector is only available if the R&S FPL1-B5 option is installed.
Note the safety information provided in "Connecting headphones" on page 11.

For details, see "Data Output" on page 300.
Noise Source Control
The Noise Source Control female connector is used to provide the supply voltage for

an external noise source. For example, use it to measure the noise figure and gain of
amplifiers and frequency converting devices.
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This connector is only available if the R&S FPL1-B5 option is installed.

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

5.2.2.14 DevicelD

The unique device identifier is provided as a barcode sticker on the rear panel of the
R&S FPL1000.

It consists of the device order number and a serial number.

ID 1419 0035'(02 102030 Zd Serial Number

The serial number is used to define the default instrument name, which is:
<Type><variant>-<serial_number>

For example, FPL1003-123456.
The instrument name is required to establish a connection to the instrument in a LAN.

5.3 Trying Out the Instrument

This chapter introduces the most important functions and settings of the R&S FPL1000
step by step. The complete description of the functionality and its usage is given in the
R&S FPL1000 User Manual. Basic instrument operation is described in Chapter 5.4,
"Operating the Instrument", on page 60.

Prerequisites

® The instrument is set up, connected to the mains system, and started up as descri-
bed in Chapter 5.1, "Preparing for Use", on page 17.

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

e Measuring @ BasiC SigNal.........uueeiiiiiiiiiiiiicieiie e 43
e Displaying @ SPECIrOgramM....ccccccic ittt e e e e e e 44
e Activating Additional Measurement Channels..............ooooioiiii e, 46
e Performing Sequential Measurements. ... 50
o Setting and MoviNg @ Marker...........ueiiiiiiiiii e 51
e Displaying a Marker Peak List..........ccooiieiccciiiiiiiiiieeee e 53
e  Z00ming iNtO the DiSPIAY.......uuiiiiiiiieiii i e e e e e 54
L ST\ To RS T= 1] 0o [T PRSP 57
o Printing and Saving ReSUIS........cooo i 59
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5.3.1 Measuring a Basic Signal

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

To display the internal 50 MHz calibration signal

1. Press the [Preset] key to start out in a defined instrument configuration.
2. Press the [Setup] key.

3. Tap the "Service + Support" softkey.

4. Tap the "Calibration Signal" tab.
5

Tap the "Calibration Frequency RF" option. Leave the frequency at the default
50 MHz.

6. Close the dialog box.

The calibration signal is now sent to the RF input of the R&S FPL1000. By default,

a continuous frequency sweep is performed, so that the spectrum of the calibration

signal is now displayed in the standard level versus frequency diagram.
Ref Level 0.00 dBm RBW 3 MHz

Att 10dB SWT 4ms VBW 3MHz Mode Auto Sweep
1 Frequency Sweep ® 1AP Clrw

x
Spectrum Setup

Reference
Int  Ext

< Display

«| Language

Network +
“|" Remote

A5S5MrON

System
‘I Config

1

Service +
R =—

N
2

x
~J

«| Transducer

«| Alignment

T
Cam~

Overview
1001 pts 300.0 MHz/ 3.0 GHz

25.11.2016

- Measuring... 12:18:53 ]

Figure 5-4: Calibration signal as RF input

Instrument warmup time
Note that the instrument requires an initial warmup time after switching it on. A mes-

sage in the status bar ("Instrument warming up...") indicates that the operating temper-
ature has not yet been reached. Wait until this message is no longer displayed before
you start a measurement to ensure accurate results.
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To optimize the display

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

1. Set the center frequency to the calibration frequency:

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

c) Inthe "Center" field, enter 50 on the number pad on the front panel.
d) Press the "MHZz" key next to the number pad.

2. Reduce the span to 20 MHz:

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

3. Average the trace to eliminate noise:

a) In the configuration "Overview", tap the "Analysis" button.
b) Inthe "Traces" tab, select the trace mode "Average".

c) Enter the "Average Count": 700.

d) Close the "Analysis" dialog box.

The display of the calibration signal is now improved. The maximum at the center
frequency (=calibration frequency) of 50 MHz becomes visible.

Multiview =2 Spectrum ! X

Ref Level 0.00 dBm RBW 200 kHz
Att 10dB  SWT 1.01ms VBW 200kHz Mode Auto Sweep Count 100/100
ﬁ 1 Frequency Sweep ~ ® 15a Avg

[1
CF 50.0 MHz 1001 pts . ) 2.0 MHz/ Span 20.0 MHz

Figure 5-5: Calibration signal with optimized display settings

5.3.2 Displaying a Spectrogram

In addition to the standard "level versus frequency" spectrum display, the

R&S FPL1000 also provides a spectrogram display of the measured data. A spectro-
gram shows how the spectral density of a signal varies over time. The x-axis shows the
frequency, the y-axis shows the time. A third dimension, the power level, is indicated
by different colors. Thus you can see how the strength of the signal varies over time for
different frequencies.

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

2. Tap the "Display Config" button.

|
User Manual 1178.3370.02 — 09 44



R&S®FPL1000 Getting Started

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

3.
Spectrogram

Drag the "Spectrogram" icon from the evaluation bar to the diagram area. The blue
area indicates that the new diagram would replace the previous spectrum display.
Since we do not want to replace the spectrum, drag the icon to the lower half of the
display to add an additional window instead.

Spect Ref Level 0.00 dBm RBW 200 kHz
ectrum
P Att 10dB  SWT 1.01ms VBW 200kHz Mode Auto Sweep

1 Frequency Sweep _ ® 1Pk Clrw

ASMroN

kS

o
3]
(7]

25112016
12:26:27

Measuring...

Figure 5-6: Adding a Spectrogram to the display

Drop the icon.

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

5. Close the "Overview".

You see the spectrogram compared to the standard spectrum display. Since the
calibration signal does not change over time, the color of the frequency levels does
not change over time, i.e. vertically. The legend at the top of the spectrogram win-
dow describes the power levels the colors represent.
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5.3.3

1 Frequency Sweep ® 15a Avg
M1[1] -91.55dBm
#0 | 50.8750 MHz

CF 50.0 MHz 2.0 MHz/ Span 20.0 MHz

2 Spectrogram @ 153 Avg

[0dBm 60dBm OdBin

CF 50.0 MHz Span 20.0 MHz Frame #0

Figure 5-7: Spectrogram of the calibration signal

Activating Additional Measurement Channels

The R&S FPL1000 features multiple measurement channels, i.e. you can define sev-
eral measurement configurations in parallel and then switch between the channel set-
ups automatically to perform the measurements sequentially. We will demonstrate this
feature by activating additional measurement channels for a different frequency range,
a zero span measurement, and an 1/Q analysis.

To activate additional measurement channels

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

2. On the "New Channel Setup" tab of the "Mode" dialog box, tap the "Spectrum" but-
ton.

e
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Ref Level -2

Spectrum Att SWT 1.01ms

1 Frequency Sweep

New w\ Spectrum
Channel

Setup

~v Analog Demod

1
I

CF 50.0 MHz Replace

2 Spectrogram 1Pk Current
i enannel 14 1Q Analyzer
Setup

wl w

Duplicate Current
Channel Setup

CF 50.0 MHz 1001 pts Span 20.0 MHz

Figure 5-8: Adding a new measurement channel

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

X
MultiView 32 Spectrum ! X  Spectrum2 ! X " Frequency
Ref Level 0.00 dBm RBW 3 MHz
Att 10dB  SWT 1.34ms VBW 3MHz Mode Auto Sweep Center
1 Frequency Sweep ® 1AP Clrw

Stop

Auto
Frequency

Signal
Track

Frequency
Config

.

m-n
Cm"
Overview

-
=M |(F500.0 MHz 1001 pts 100.0 MHz/ Span 1.0 GHz
UNCAL - ~ Measuring...

25112016
12:3129

Figure 5-9: Frequency spectrum of the calibration signal with a larger span

4. Repeat the previous steps to activate a third Spectrum window.

5. Change the frequency range for this spectrum display:

|
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In the "Frequency" dialog box, set the center frequency to 50 MHz and tap "Zero
Span".

6. Increase the reference level so you can see the level of the calibration signal at
1 dBm.

a) Inthe "Amplitude" dialog box, set the "Reference Level" value to +70 dBm.

As the calibration signal does not vary over time, the level versus time diagram dis-
plays a straight line.

X
MultiView 52 Spectrum ! X Spectrum2 ! X  Spectrum3 ! X M Frequency

Ref Level 10.00 dBm ® RBW 1 MHz
Att 20dB ® SWT 1.01ms VBW 1 MHz Center
1 Zero Span ® 1AP Clrw

Auto
Frequency

Frequency
. Config

R
Cmr*

Overview

]
= |CF 50.0 MHz 1001 pts

25.11.2016
UNCAL - urt 12:3231

Figure 5-10: Time domain display of the calibration signal

7. Create a new measurement channel for I/Q analysis:

a) Press the [Mode] key.

b) Tap the "IQ Analyzer" button to activate a measurement channel for the 1/Q
Analyzer application.

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

e
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d) Drag the "Real/lmag (I/Q)" icon from the evaluation bar to the SmartGrid to
replace the default "Magnitude" display.

Multiview Spectrum X spectrum2 ! X  Spectrum3 ! X  IQAnalyzer ! X

Ref Level - Meas Time 31
® Att iz RecLength

v
Magnitude

ol
Spectrum
|
P
1/Q-Vector
|
v
1 Real /Imag (1/Q) Imag e 1APC Real/Imag (1/2)

\
. Marker Table
|
Marker Peak List
-100 i

1001 pts

Figure 5-11: Inserting a Real/lmag diagram for I/Q analysis

e) Close the SmartGrid mode.

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

To display the MultiView tab

An overview of all active measurement channels is provided in the "MultiView" tab.
This tab is always displayed if more than one measurement channel is active and can-
not be closed.

» Tap the "MultiView" tab.

e
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x
MultiView &8 Spectrum X  Spectrum2 - - X Spectrum3 X 16 Analyzer X Sequencer

Ref Level 0.00 dBm RBW 200 kHz Reflevel 0.00 dBm RBW 3 MHz
Spectrum Spectrum 2 Se.
AL 13dB  SWT 1.01ms VBW 200kHz Mode AutoSweep Count 100100 Att 13dB SWT 1.74ms VBW 3MHz Mode Auto Sweep quencer
[1 Frequency Sweep *15aAvg | [1 Freque * 1AP Clrw On Off

Continuous

. Sequence
2 Spectrogram 152 Avg
Single
Sequence

CF 50.0 MHz 1001 pts Span 20.0 MHz Frame # 0 | |CF 500.0 MHz 1001 pts 100.0 MHz/ Span 1.0GHz
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«
>
=
a
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=i

Ref Level 10.00 dBm & RBW 1 MHz QA Reflevel 10.006Bm Meas Time 31281 ps  SRate 320 MHz
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B B3
Cmr
1 ] Overview
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Measuring... i

Figure 5-12: The "MultiView" tab

5.3.4 Performing Sequential Measurements

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

1. Tap the "Sequencer" icon in the toolbar.

Y

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

A continuous sequence is started, i.e. each channel setup measurement is per-
formed one after the other until the Sequencer is stopped.

e
User Manual 1178.3370.02 — 09 50



R&S®FPL1000 Getting Started
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Figure 5-13: "MultiView" tab with active Sequencer

€3

In Figure 5-13, the "Spectrum 2" measurement is currently active (indicated by the
"channel active" icon in the tab label).

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

5.3.5 Setting and Moving a Marker

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

1. In the "MultiView" tab, double-tap the "Spectrum" window (frequency sweep with
spectrogram display) to return to the "Spectrum" measurement channel.
2. Tap the spectrum display to set the focus on that window.

3. Double-tap the spectrum window to maximize it, as we currently do not need the
spectrogram display.

4. Press the [Run Single] key on the front panel to perform a single sweep so we
have a fixed trace to set a marker on.

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

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

e
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X  spectrum3 X 1Q Analyzer,
50.0 MHz x

MultiView =8 Spectrum X | Spectrum 2
RBW 200 kHz
VBW 200kHz Mode Auto Sweep Count 100/100
® 15a Avg
M1[1] -7.61 dBm
50.0000 MHz

Ref Level 0.00 dBm

Att
1 Frequency Sweep

13dB  SWT 1.01 ms

CF 50.0 MHz 1001 pts 2.0 MHz/ Span 20.0 MHz

6. Now you can move the marker by tapping and dragging it to a different position.
The current position is indicated by a dotted blue line. Notice how the position and

value change in the marker area of the diagram.
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5.3.6 Displaying a Marker Peak List

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

1. Tap the "Spectrum 2" tab.

2. Press the [Run Single] key on the front panel to perform a single sweep for which
we will determine the peaks.

E 3. Tap the "SmartGrid" icon in the toolbar to activate SmartGrid mode.

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

5. Close the SmartGrid mode.

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

a) Press the [Mkr] key on the front panel.
b) Tap the "Marker Config" softkey in the "Marker" menu.
c) Tap the "Search" tab in the "Marker" dialog box.
d) Inthe "Threshold" field, enter -68 dBm.
e) Tap the "State" box for "Threshold" to activate its use.
Only peaks that are larger than -90 dBm will be included in the peak list.
f) Close the "Marker" dialog box.

The marker peak list displays the determined peaks that are above the defined
threshold.
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MultiView == Spectrum # X = Spectrum 2 b3 -

Ref Level 0.00 dBm RBW 3 MHz SGL
Att 13dB SWT 52ms VBW 3MHz Mode Auto Sweep
1 Frequency Sweep ® 1AP Clrw
M M1[1] -5.56dBm

999.50 MHz

CF 1.5 GHz 1001 pts 300.0 MHz/ Span 3.0 GHz
2 Marker Peak List
No X-Value Y-Value X-Value Y-Value -
1 999.500000 MHz -5.560 dBm 1.904600 GHz -67.941 dBm
2 1.182300 GHz -67.115 dBm 2.000500 GHz -52.154 dBm
1.413100 GHz -67.665 dBm 2.456000 GHz -68.754 dBm
1.565900 GHz -66.710 dBm 2.731800 GHz -67.381 dBm
1.748800 GHz -66.276 dBm 0 2.998500 GHz -61.210 dBm

Figure 5-14: Marker Peak List

5.3.7 Zooming into the Display

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

1. Tap the "Multiple Zoom" icon in the toolbar.
=

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

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

Figure 5-15: Defining the zoom area

When you remove your finger, the zoom area is enlarged in a second (sub-)win-
dow.
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1 Frequency Sweep * 1AP Clrw
M1[1]___-5.25dBm
1.00010 GHz

CF1.45 GHz 1001 pts 290.0 MHz/ Span 2.9 GHz

X

7] X3}
CF 1.004 GHz 16.8 MHz/ Span 168.0 MHz

Figure 5-16: Zoomed display around a peak

3. InFigure 5-17, the enlarged peak is represented by a very thick trace. This is due
to the insufficient number of sweep points. The missing sweep points for the
zoomed display are interpolated, which provides poor results. To optimize the
results, we will increase the number of sweep points from the default 1001 to
32001.

a) Press the [Sweep] key on the front panel.

b) Tap the "Sweep Config" softkey in the "Sweep" menu.

c) Inthe "Sweep Points" field, enter 32001.

d) Close the "Bandwidth" dialog box.

e) Press the [Run Single] key on the front panel to perform a new sweep with the
increased number of sweep points.

1 Frequency Sweep : ® 1AP Clrw
M1[1]__ -5.29 dBm
1.0000980 GHz

4

CF 1.45 GHz 32001 pts 290.0 MHz/ Span 2.9 GHz
X

b » 2zl
CF 1.004 GHz 1854 pts 16.8 MHz/ Span 168.0 MHz

Figure 5-17: Zoomed peak with increased number of sweep points

Note that the trace becomes much more precise.
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E‘ﬁ' 4. Tap the "Multiple Zoom" icon in the toolbar again and define a zoom area around
Gl markers M2, M3 and M4.

X
MultiView =2 Spectrum % X = Spectrum 2 X M Sweep

Ref Level 15.00 dBm RBW 3 MHz seL
Att 28dB SWT 32.1ms VBW 3MHz Mode Auto Sweep
1 Frequency Sweep © 1AP Clrw

5 M1[1]__ -5.21dBm Single
1.0000980 GHz |[* Gweep:

4

Continuous.
Sweep

CF 1.45 GHz 32001 pts 290.0 MHz/ Span 2.9 GHz | ionitinue
il 3 3l X Single
= B < Sweep
Sweep Time
Auto

Sweep Time
Manual

Sweep
Count

CF 1.004 GHz 1854 pts 16.8 MHz/Span 168.0 MHz CF 1.6722723.. 89.. 8.11.. Span 81. 064021 CF 1.992605.. 103.. 9.41.. Span94. 133853 Sweep
. .
2 Marker Peak List Config
No X-Value Y-Value No X-Value Y-Value
1 1.000061 GHz -5.215 dBm 3 2.000077 GHz -48.881 dBm
2 1.669940 GHz -50.632 dBm 2.849569 GHz -51.619 dBm | B4 B=
Cm
Overview

09.03.2017
08:10:26

Instrument warming up...

Figure 5-18: Multiple zoom windows

Tap the "Multiple Zoom" icon in the toolbar again and define a zoom area around
marker M5.

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

CF1 6722723.. 89.. 8.11.. Span 81. 064021 CF1 992605... 103.. 9.41.. Span 94. 135563
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MultiView =2 Spectrum % X = Spectrum 2 X Frequencyx
Ref Level 22.00 dBm RBW 3 MHz SGL
Att 35dB  SWT 32.1ms VBW 3MHz Mode Auto Sweep Center
1 Frequency Sweep ® 1AP Clrw
; M1[1]]  -398dBm
1.0000980 GHz

CF 1.26 GHz 32001 pts 252.0 MHz/ Span 2.52 GHz
A - Stop

Auto
Frequency

Signal
Track

3

1 i, MRl

] y72 =)
CF1... 1. 1. Spani.. CF1.. 13.. 10... Span.. CF1.99925GHz ) 1.25 MHz/ Span 12.499999788 MHz . Frequency
2 Marker Peak List Config
Y-Value X-Value Y-Value
-4.975 dBm 3 1.999124 GHz -44.672 dBm
-43.385 dBm |G §e
Ca~

Overview

]
*«
-
@
@
Q
]
2N
LT
o

09.032017
08:14:52

Figure 5-19: Enlarged zoom window

5.3.8 Saving Settings

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

To save the instrument settings to a file

B 1. Tap the "Save" icon in the toolbar.

% 2. Press the keyboard key on the front panel to display the online keyboard, as you
will have to enter text in the next step.

3. Inthe "Save" dialog box, tap the "File Name" field and enter MyMultiViewSetup
using the keyboard.
Keep the default "File Type" setting "Instrument with all Channel Setups" to store
the configuration of all channel setups.
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Quick Save = Save
Drive: .’[C:] Operating ~ Path: . Save (C:/Users/Public/Documents/Rohde-Schwarz/Analyzer/Save) -

Files Size

YRR MyMultiViewSetup|

Comment
File Type

Instrument ¥ Current Settings
with all Channel Setups

r AlLT d
Current Channel Setup: ransducers

Spectrum

Figure 5-20: Saving the instrument settings to a file

4. Tap the "Save" button.
The file MyMultivViewSetup.df1l is stored in the default directory
C:\Users\Public\Documents\Rohde-Schwarz\Analyzer\Save.
To load stored instrument settings
You can restore the settings to the instrument at any time using the settings file.

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

.i 2. Tap the "Load" icon in the toolbar.

3. Inthe "Load" dialog box, select the MyMultivViewSetup.df] file in the default
directory C:\Users\Public\Documents\Rohde-Schwarz\Analyzer\Save.

4. Tap the "Load" button.

All instrument settings are restored and the display should resemble the instrument
display right before the settings were stored.

[
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5.3.9 Printing and Saving Results

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

To export the trace data

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

2. Tap the "Trace Config" softkey.

3. Tap the "Trace / Data Export" tab.

4. Tap the "Export Trace to ASCII File" button.
5. Enter the file name MyMultiViewResults.

The trace data is stored to MyMultiViewResults.DAT

To create a screenshot of the display

E 1. Tap the "Print immediately" icon in the toolbar.

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

2. Inthe "Save Hardcopy as" > "Portable Network Graphics (PNG)" dialog box, enter
a file name, e.g. MyMultiViewDisplay.

The screenshot is stored to MyMultiViewDisplay.png.

MultiView Spectrum m Spectrum 2 m -
Ref Level 22.00 dBm RBW 3 MHz SGL
Att 35dB SWT 32.1ms VBW 3MHz Mode Auto Sweep

1 Frequency Sweep AP Clrw
20 dBm: M1[1]—5.04 dBm

1.0001410 GHz
10 dBm

0 dBm

-10dBm

32001 pts 300.0 MHz/ Span 3.0 GHz

No X-Value Y-Value N X-Value Y-Value

1 1.000141 GHz -5.042 dBm 1.999672 GHz -44.821 dBm
2 1.411972 GHz -44.016 dBm 5 2416471 GHz -44.471 dBm
3 1.462501 GHz -43.962 dBm 2.964798 GHz -43.557 dBm

09.03.2017

=Ty 08:17:45

08:17:47 09.03.2017
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Operating the Instrument

Operating the Instrument

This chapter provides an overview on how to work with the R&S FPL1000.

i

Remote control

In addition to working with the R&S FPL1000 interactively, located directly at the instru-
ment, it is also possible to operate and control it from a remote PC. Various methods
for remote control are supported:

® Connecting the instrument to a (LAN) network

® Using the LXI browser interface in a LAN network

® Using the Windows Remote Desktop application in a LAN network
® Connecting a PC via the GPIB interface

How to configure the remote control interfaces is described in the R&S FPL1000 user
manual.

5.41
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@  ENtering Data.. ..o —————— 73
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Understanding the Display Information - Spectrum Mode

The following figure shows a measurement diagram in Spectrum mode. All different
information areas are labeled. They are explained in more detail in the following sec-
tions.
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MultiView =2 Spectrum # X = Spectrum Zo x

Ref Level 0.00 dBm RBW 3 MHz

cu

Att 13 dB g >2ms VBW 3MHz Mode Auto Sweep
1 Frequency Sweep e

e- 1AP Clrw

1001 pts 300.0 MHz/ Span 3.0 GHz

Instrument warming up... ~ Measuring...

1 = Channel bar for firmware and measurement settings

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

4 = Diagram area with marker information

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

R\ Hiding elements in the display

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

For details, see Chapter 9.2, "Display Settings", on page 502.

@  Channel SEtUP Bar..........ooo ittt 61
VAV oo (o VA WY YN = 7= 65
0 Marker INfOrmation..........eiiiiii e e e e e aees 65
e Frequency and Span Information in Diagram Footer........cccccoveieiiiiiiiiiiiniiiiieieeeeens 66
o Instrument and Status Information..............coouuiiiiiiiiii e 67
L I 4 o Tl (] {0] g aT=1 (o] o VO 67

5.4.1.1 Channel Setup Bar

Using the R&S FPL1000 you can handle several different measurement tasks (chan-
nels) at the same time (although they can only be performed asynchronously). For
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each channel, a separate tab is displayed on the screen. To switch from one channel
display to another, simply select the corresponding tab.

MultiView =8 Spectrum  # X  Spectrum 2 X

Ref Level 0.00 dBm REBW 3 MHz
Att 13dB SWT 52ms VBW 3MHz Mode Auto Sweep

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

MultivView

Spectrum

Analog Demod
__IQ Analyzer
Spectrum 2

MultiView tab

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

MultiView  Spectrum

. Reflevel 0.00 dBrn
Spectrum | 4 10de  SWT 79.5 ms

[TFrequency Sweep

Icons in the channel bar

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

The B icon indicates that an error or warning is available for that channel setup. This is
particularly useful if the MultiView tab is displayed.

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

e
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Channel-specific settings

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

In the Spectrum application, the R&S FPL1000 shows the following settings:

Table 5-6: Channel settings displayed in the channel bar in the Spectrum application

Ref Level Reference level

Att RF attenuation applied to input
Ref Offset Reference level offset

SWT Sweep time that has been set.

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

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

RBW Resolution bandwidth that has been set.

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

VBW Video bandwidth that has been set.

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

Compatible Compatible device mode (FSL, FSV, default; default not displayed)

Mode Indicates which sweep mode type is used:
®  "Auto FFT": automatically selected FFT sweep mode
®  "Auto sweep": automatically selected swept sweep mode

Pwr.Swp Indicates the power sweep range for power sweep measurements using
an optional internal tracking generator

Icons for individual settings

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

Common settings

The channel bar above the diagram not only displays the channel-specific settings. It
also displays information on instrument settings that affect the measurement results
even though it is not immediately apparent from the display of the measured values.
This information is displayed in gray font and only when applicable for the current mea-
surement, as opposed to the channel-specific settings that are always displayed.
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MultiView =& Spectrum % X  Spectrum 2 X

Ref Level 0.00 dBm RBW 3 MHz
Att 13dB  SWT 52ms VBW 3 MHz Meode Auto Sweep

The following types of information are displayed, if applicable.

Table 5-7: Common settings displayed in the channel bar

SGL The sweep is set to single sweep mode.

Sweep Count | The current signal count for measurement tasks that involve a specific number of subse-
quent sweeps

(see "Sweep Count" setting in "Sweep Settings" in the User Manual)

TRG Trigger source

—

for details see "Trigger settings" in the User Manual)

® EXT: External
® |FP: IF power (+trigger bandwidth)
® PSE: Power sensor
® TIM: Time
e VID: Video
PA The preamplifier is activated.
GAT The frequency sweep is controlled via the "TRIGGER INPUT" connector.
TDF The specified transducer factor is activated.
75 Q The input impedance of the instrument is set to 75 Q.
FRQ A frequency offset # 0 Hz is set.
CWSource: Internal generator in operation as independant CW source with specified level (requires
<level> option R&S FPL1-B9).
<"NOR" | Internal generator in operation as tracking generator (requires option R&S FPL1-B9).
APX"> NOR: the measurements are normalized with the results of the internal generator calibra-
/Trk.Gen tion

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

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

For details, see Chapter 7.3.3.1, "Basics on the Internal Generator", on page 283.

Changing the Channel Setup Name

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

For an overview of default names, see TNSTrument:LIST? on page 620.

Remote command:
INSTrument : REName on page 621
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5.4.1.2 Window Title Bar

Each channel in the R&S FPL1000 display can contain several windows. Each window
can display either a graph or a table as a result of the channel measurement. The win-
dow title bar indicates which type of evaluation is displayed.

Which type of result evaluation is displayed in which window is defined in the display
configuration (see Chapter 7.2.2, "Basic Evaluation Methods", on page 117).

Trace Information in Window Title Bar

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

o 14D Clrw Si

(1) Trace color Color of trace display in diagram
(2) Trace no. Trace number (1 to 6)
(3) Detector Selected detector:
AP AUTOPEAK detector
Pk MAX PEAK detector
Mi MIN PEAK detector
Sa SAMPLE detector
Av AVERAGE detector
Rm RMS detector
(4) Trace Mode Sweep mode:
Clrw CLEAR/WRITE
Max MAX HOLD
Min MIN HOLD
Avg AVERAGE (Lin/Log/Pwr)
View VIEW
(5) Smoothing factor Smth Smoothing factor, if enabled.
(See "Smoothing" on page 395)

5.4.1.3 Marker Information

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

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

Marker information in marker table

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

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

"Trc" Trace to which the marker is assigned

"X-value" X-value of the marker

"Y-Value" Y-value of the marker

"Function" Activated marker or measurement function

"Function Result" Result of the active marker or measurement function

The functions are indicated with the following abbreviations:

"FXD" Fixed reference marker

"Phase Noise" Phase noise measurement
"Signal Count" Signal count

"TRK" Signal tracking

"Noise Meas" Noise measurement

"MDepth" AM modulation depth

"ToI" Third order intercept measurement

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

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

Label Information
CF Center frequency
Span Frequency span (frequency domain display)
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Label Information

ms/ Time per division (time domain display)

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

5.4.1.5 Instrument and Status Information
Global instrument settings and functions, the instrument status and any irregularities
are indicated in the status bar beneath the diagram.

EXI 01.03.2016

[Rizrarly REF 08:34:03

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

The following information is displayed:

Instrument status

The instrument is configured for operation with an external reference.

Battery loading status

65 %

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

22.00.7011

10:30:44

Error messages

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

5.4.1.6 Error Information

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

Depending on the type of message, the status message is indicated in varying colors.
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Table 5-8: Status bar information - color coding

Color Type Description

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

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

Gray Information Information on the status of individual processing steps.

No color No errors No message displayed - normal operation.

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

If any error information is available for a channel setup, an exclamation mark is dis-

6 played next to the channel setup name (H). This is particularly useful when the Multi-
View tab is displayed, as the status bar in the MultiView tab always displays the infor-
mation for the currently selected channel setup only.

Furthermore, a status bit is set in the STATus:QUEStionable:EXTended: INFO reg-
ister for the application concerned (see "STATus:QUEStionable:EXTended:INFO Reg-
ister" on page 568). Messages of a specific type can be queried using the
SYST:ERR:EXT? command, see SYSTem:ERRor : EXTended? on page 973.

5.4.2 Accessing the Functionality

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

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

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

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

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

e Softkeys on the touchscreen

® Context menus for specific elements on the touchscreen

® |cons on the tool bar in the touchscreen

® Displayed setting on the touchscreen
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Toolbar Functions

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

@

You can hide the toolbar display, e.g. when using remote control, to enlarge the display
area for the measurement results ("Setup" > "Display" > "Displayed Items").

See Chapter 9.2.1.2, "Displayed ltems", on page 503.
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Print immediately
Prints the current display (screenshot) as configured.

See Chapter 8.4, "Creating Screenshots of Current Measurement Results and Set-
tings", on page 470.

Open
Opens a file from the instrument ("Save/Recall" menu).

See Chapter 8.2, "Storing and Recalling Instrument Settings and Measurement Data",
on page 457.

Save
Stores data on the instrument ("Save/Recall" menu).

See Chapter 8.2, "Storing and Recalling Instrument Settings and Measurement Data",
on page 457.

Report Generator
Displays the "Report" menu to configure a report.

See Chapter 8.5, "Working with Test Reports", on page 485.

Undo
Reverts last operation, i.e. the status before the previous action is retrieved.
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The undo function is useful, for example, if you are performing a zero span measure-
ment with several markers and a limit line defined and accidentally select a different
measurement. In this case, many settings would be lost. However, if you press [UNDO]
immediately afterwards, the previous status is retrieved, i.e. the zero span measure-
ment and all settings.

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

Redo
Repeats previously reverted operation

Zoom mode
Displays a dotted rectangle in the diagram that can be expanded to define the zoom
area.

See Chapter 7.12, "Zoomed Displays", on page 437.

Multiple zoom mode
Multiple zoom areas can be defined for the same diagram.

See Chapter 7.12, "Zoomed Displays", on page 437.

Zoom off
Displays the diagram in its original size.

See Chapter 7.12, "Zoomed Displays", on page 437.

SmartGrid
Activates "SmartGrid" mode to configure the screen layout.

See Chapter 6.6, "Configuring Result Displays”, on page 88.

Sequencer
Opens the "Sequencer" menu to perform consecutive measurements.

See Chapter 6.4, "Running a Sequence of Measurements", on page 83

Gen On/Off
Enables/disables the internal generator.

See Chapter 7.3.3, "Internal (Tracking) Generator", on page 283.

Gen Config
Opens the dialog box to configure the internal generator.

See "Tracking Generator Settings" on page 292.

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

See Chapter 5.4.5, "Getting Help", on page 77

Help
Displays context-sensitive help topic for the most recently selected element

See Chapter 5.4.5, "Getting Help", on page 77
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Windows
Displays the Windows "Start" menu and task bar.

See "To access the "Start" menu" on page 27.

5.4.2.2 Softkeys

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

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

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

Recognizing the softkey status by color

Color Meaning

Orange Associated dialog box is open

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

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

You can hide the softkey display, e.g. when using remote control, to enlarge the display
area for the measurement results ("Setup” > "Display” > "Displayed ltems"). See the
User Manual for details.

5.4.2.3 Context Menus

Several items in the diagram area have context menus (for example markers, traces or
the channel bar). If you right-click on one of these items (or tap it for about 1 second), a
menu is displayed which contains the same functions as the corresponding softkey.
This is useful, for example, when the softkey display is hidden.
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5.4.2.4 On-screen Keyboard

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

Enter

N\ Shift

R

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

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

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

>R You can use the TAB key on the on-screen keyboard to move the focus from one field
J to another in dialog boxes.
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5.4.3 Entering Data

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

® Using the touchscreen, via the online keyboard

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

® Using a connected external keyboard

Transparent dialog boxes

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

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

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

6 Particularities in Windows dialog boxes

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

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

1. Enter the parameter value using the keypad, or change the currently used parame-
ter value by using the rotary knob (small steps) or the [UP] or [DOWN] keys (large
steps).

2. After entering the numeric value via keypad, press the corresponding unit key.
The unit is added to the entry.

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

Entering Alphanumeric Parameters

If a field requires alphanumeric input, you can use the on-screen keyboard to enter
numbers and (special) characters (see Chapter 5.4.2.4, "On-screen Keyboard",
on page 72).
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Correcting an entry
1. Using the arrow keys, move the cursor to the right of the entry you want to delete.

2. Press the [Backspace] key.

The entry to the left of the cursor is deleted.

3. Enter your correction.

Completing the entry
» Press the [ENTER] key or the rotary knob.

Aborting the entry

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

5.4.4 Touchscreen Gestures

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

Note: Inappropriate tools or excessive force can damage the touchscreen.

For instructions on cleaning the screen, see "Cleaning the product" on page 10.

Tapping
Touch the screen quickly, usually on a specific element.

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

Figure 5-21: Tapping

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

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

User Manual 1178.3370.02 — 09 74



R&S®FPL1000 Getting Started

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

Q Y} By dragging your finger over a table or diagram you can pan the displayed area of the
table or diagram to show results that were previously out of view.
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Figure 5-22: Dragging

Pinching and spreading two fingers

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

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

N/
& O

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

You can pinch or spread your fingers vertically, horizontally, or diagonally. The direction
in which you move your fingers determines which dimension of the display is changed.

i

)
o I N iy

Ww

Figure 5-23: Pinching
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Figure 5-24: Spreading

Touch gestures in diagrams change measurement settings
When you change the display using touch gestures, the corresponding measurement
settings are adapted. This is different to selecting an area on the screen in zoom

mode, where merely the resolution of the displayed trace points is changed temporarily
(graphical zoom).

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

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

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

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

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

Mouse vs. touch actions

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

Table 5-9: Correlation of mouse and touch actions

Mouse operation Touch operation

Click Tap

Double-click Double-tap

Click and hold Touch and hold

Right-click Touch, hold for 1 second and release
Drag-&-drop (= click and hold, then drag and Touch, then drag and release
release)
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Operating the Instrument

Mouse operation Touch operation
n.a. (Change hardware settings) Spread and pinch two fingers
Mouse wheel to scroll up or down Swipe

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

In (graphical) Zoom mode only: dragging the bor- Touch, then drag and release

ders of the displayed rectangle to change its size

Example:

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

Getting Help

If any questions or problems concerning the R&S FPL1000 arise, an extensive online
help system is provided on the instrument and can be consulted at any time. The help
system is context-sensitive and provides information specifically for the current opera-
tion or setting to be performed. In addition, general topics provide an overview on com-
plete tasks or function groups as well as background information.

The online help can be opened at any time by selecting one of the "Help" icons on the
toolbar or by pressing the [F1] key on an external or the on-screen keyboard.

To call context-sensitive help

» To display the "Help" dialog box for the currently focused screen element, e.g. a
softkey or a setting in an opened dialog box, select the "Help" icon on the toolbar.

[

The "Help" dialog box "View" tab is displayed. A topic containing information about
the focused screen element is displayed.

If no context-specific help topic is available, a more general topic or the "Content"
tab is displayed.

For standard Windows dialog boxes (e.g. File Properties, Print dialog etc.), no context-
sensitive help is available.

To display a help topic for a screen element not currently focused

1. Select the "Help pointer" icon on the toolbar.
Re

The pointer changes its shape to a "?" and an arrow.
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2. Select the screen element to change the focus.

A topic containing information about the selected (now focused) screen element is
displayed.
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6 Applications, Measurement Channels, and
Result Displays

The R&S FPL1000 allows you to perform all sorts of different analysis tasks on differ-
ent types of signals, e.g. Analog Demodulation, I/Q analysis or basic spectrum analy-
sis. Depending on the task or type of signal, a different set of measurement functions
and parameters are required. Therefore, the R&S FPL1000 provides various applica-
tions - some of which are included in the base unit, others are optional.

The default application when you start the R&S FPL1000 is "Spectrum", for basic spec-
trum analysis measurements on any type of signal.

Channel Setups

When you activate an application, a new channel setup is created which determines

the measurement settings for that application. The same application can be activated
with different measurement settings by creating several channel setups for the same
application.

The number of channel setups that can be configured at the same time depends on the
available memory on the instrument.

For more information on creating channel setups, see Chapter 6.3, "Defining Channel
Setups", on page 81.

e Available APPlICAtIONS.....cciii i e e e e 79
®  RE&S MUIVIEW. ...ttt e e e et e e e e e e e e e e e e e nnes 81
o  Defining Channel SETUPS........uuiiiiii e e 81
e Running a Sequence of MeasuremMents. ........ooocuiiiiiiiiiiie e 83
@  Channel SEtUP OVEIVIEW......cccciii ittt e e e e e e e er e e e e e e e e e ean 87
e Configuring ReSUIt DISPIayS........cccoeiiiiiiiiiiieii e e e e e e e e 88

6.1 Available Applications

Access: [Mode]

The R&S FPL1000 provides some applications in the base unit while others are availa-
ble only if the corresponding firmware options are installed.

Each application is described in a separate manual.

Spectrograms

Spectrogram measurements are not a separate application, but rather a trace evalua-
tion method in the R&S FPL1000, thus they are available as an evaluation method in
the "Display Config", not by creating a new channel setup. Spectrograms are config-
ured and activated in the "Trace" settings.

See Chapter 7.10.2.1, "Working with Spectrograms", on page 398 for details.
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Spectrum

In the "Spectrum" application the provided functions correspond to those of a conven-
tional spectrum analyzer. The analyzer measures the frequency spectrum of the RF
input signal over the selected frequency range with the selected resolution and sweep
time. Alternatively, it displays the waveform of the video signal for a fixed frequency.

This is the default application of the spectrum analyzer.

Remote command:
INST:SEL SAN, see INSTrument [:SELect] on page 622

1/Q Analyzer
The 1/Q Analyzer application provides measurement and display functions for 1/Q data.

Remote command:
INST:SEL IQ,see INSTrument[:SELect] on page 622

Analog Demod
The Analog Demodulation application provides measurement functions for demodulat-
ing AM, FM, or PM signals.

This application requires the optional firmware R&S FPL1-K7 to be installed.
For details see the Analog Demodulation Mode User Manual.

Remote command:
INST:SEL ADEM, See INSTrument [:SELect] on page 622

Noise Figure
The Noise Figure application provides noise figure measurements.

This application requires the optional firmware R&S FPL1-K30 to be installed.
For details see the Noise Figure Measurements User Manual.

Remote command:
INST:SEL NOISE, see INSTrument [:SELect] on page 622

Vector Signal Analysis (VSA)

The VSA application requires an instrument equipped with the Vector Signal Analysis
option, R&S FPL1-K70. This application provides measurements and evaluations for
single-carrier digitally modulated signals.

For details see the R&S FPL1-K70 User Manual.

Remote command:
INST:SEL DDEM, See INSTrument [:SELect] on page 622
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6.2 R&S MultiView

Each application is displayed in a separate tab. If more than one application is active,

an additional tab ("MultiView") provides an overview of all currently active channel set-
ups at a glance. In the "MultiView" tab, each individual window contains its own chan-
nel setup bar. Select the channel setup bar to switch to an application quickly.

MultiView &8 Spectrum 1 1Q Analyzer ! X  Analog Demod ! # X  Spectrum?
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6.3 Defining Channel Setups

Access: [Mode]

The default channel setup uses the "Spectrum" application.

e
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New wl\w Spectrum
Channel

Setup

- Analog Demod

Replace
Current

Channel Id- 1Q Analyzer
Setup
ol |

Duplicate Current
Channel Setup

Switching between channel setups

When you switch to a new channel setup, a set of parameters is passed on from the
current channel setup to the new one:

® Center frequency and frequency offset

® Reference level and reference level offset

® Attenuation

After initial setup, the parameters for the channel setup are stored upon exiting and

restored upon re-entering the channel setup. Thus, you can switch between measure-
ments quickly and easily.

Defining @ Channel SEIUP...cuvviiiiiccceee e e e e e e e e e 82
L NEW Channel SEHUP........coveieeeeeeeeeeeee et 83
L Replace Current Channel SEtUP.........cocoveveueueeeieeeeeeeeeeeeeeee et 83
L Duplicate CUITent ChanNEl...........covoeeeeeeeeeeeeeeeeeeeeee e, 83
Closing @ ChanNEl SEIUP......uuiiiiiiee e a e e e e e e e 83

Defining a channel setup
To start a new channel setup or replace an existing one, select the corresponding
application in the "Mode" dialog box.

Note: The channel setups are labeled with the application name. If that name already
exists, a sequential number is added. You can change the name of the channel setup
by double-tapping the name in the channel setup bar and entering a new name.

For an overview of default names see INSTrument:LIST? on page 620.

Remote command:
INSTrument[:SELect] on page 622
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6.4

6.4.1

New Channel Setup < Defining a channel setup
The application selected on this tab of the dialog box activates a new channel setup,
i.e. a new tab in the display.

Note: The channel setups are labeled with the application name. If that name already
exists, a sequential number is added. You can change the name of the channel setup
by double-tapping the name in the channel setup bar and entering a new name.

For an overview of default names see INSTrument:LIST? on page 620.

Remote command:
INSTrument:CREate [ :NEW] on page 619
INSTrument [:SELect] on page 622

Replace Current Channel Setup < Defining a channel setup
The application selected on this tab of the dialog box is started in the currently dis-
played channel setup, replacing the current measurement.

Remote command:
INSTrument:CREate:REPLace on page 620

Duplicate Current Channel — Defining a channel setup

The currently active channel setup can be duplicated, i.e. a new channel setup of the
same type and with the identical measurement settings is started. The name of the
new channel setup is the same as the copied channel setup, extended by a consecu-
tive number (e.g. "Spectrum” -> "Spectrum 2").

Remote command:
INSTrument:CREate:DUPLicate on page 619

Closing a channel setup
To close a channel setup, simply close the corresponding tab by selecting the "x" next
to the channel setup name.

Remote command:
INSTrument :DELete on page 620

Running a Sequence of Measurements

Only one measurement can be performed at any time, namely the one in the currently
active channel setup. However, in order to perform the configured measurements con-
secutively, a Sequencer function is provided.

o The SequencCer CONCEPL.......ccoo it 83
®  SEQUENCETN SEINGS. ..o i —————————————— 86
o How to Set Up the SEQUENCET..........ooiiiieeeeccceeee et 86

The Sequencer Concept

The instrument can only activate one specific channel setup at any time. Thus, only
one measurement can be performed at any time, namely the one in the currently active
channel setup. However, in order to perform the configured measurements consecu-

[
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tively, a Sequencer function is provided, which changes the channel setup of the instru-
ment as required. If activated, the measurements configured in the currently defined
"Channel"s are performed one after the other in the order of the tabs.

For each individual measurement, the sweep count is considered. Thus, each mea-
surement may consist of several sweeps. The currently active measurement is indica-
ted by a €8 symbol in the tab label.

The result displays of the individual channel setups are updated in the tabs as the
measurements are performed. Sequential operation itself is independent of the cur-
rently displayed tab.

Sequencer modes
Three different Sequencer modes are available:

® Single Sequence
Similar to single sweep mode; each measurement is performed once, until all mea-
surements in all defined "Channel"s have been performed.

® Continuous Sequence
Similar to continuous sweep mode; the measurements in each defined "Channel"
are performed one after the other, repeatedly, in the same order, until sequential
operation is stopped. This is the default Sequencer mode.

® Channel-defined Sequence
First, a single sequence is performed. Then, only "Channel"s in continuous sweep
mode are repeated continuously.
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Example: Sequencer procedure
Assume the following active channel setup definition:

MultiView &8 Spectrum X  Spectrum 2 X  Spectrum 3 X  IQ Analyzer

Ref Level B y 2 Spoctrum 2 ReFtevel 0
A dB SWT 1.01 ms w At

1 Frequency Sweep + | 1 Frequency Sweep

Spectrum

st iy 1

1001 pts 12.8 MHz/ Span 128.0 MHz

CF6d4.0MHz t 8.0 MHz _ a ) | CF500.0 MHz 1001 pts 100.0 MHz/

B ° iz RefLavel (
Spectrum 3 i o | 1Q Analyzer i

n Meas Tinn
B Freq 64.0 MHz Rec Length
1 Zero Span s
ag (1/Q) Real

1 Real/Imaa {I/0) Imaa

CF 64.0 MHz 1001 pts 101.0 us/ | CF64.0 MHz 1001 pts

Tab name Application Sweep mode Sweep count
Spectrum Spectrum Cont. Sweep 5
Spectrum 2 Spectrum Single Sweep 6
Spectrum 3 Spectrum Cont. Sweep 2
1Q Analyzer 1Q Analyzer Single Sweep 7

For Single Sequence, the following sweeps will be performed:

5x Spectrum, 6x Spectrum 2, 2 x Spectrum 3, 7x 1Q Analyzer

For Continuous Sequence, the following sweeps will be performed:
5x Spectrum, 6x Spectrum 2, 2 x Spectrum 3, 7x 1Q Analyzer,

5x Spectrum, 6x Spectrum 2, 2 x Spectrum 3, 7x 1Q Analyzer,

For Channel-defined Sequence, the following sweeps will be performed:
5x Spectrum, 6x Spectrum 2, 2 x Spectrum 3, 7x 1Q Analyzer,

5x Spectrum, 2 x Spectrum 3,

5x Spectrum, 2 x Spectrum 3,

Run Single/Run Cont and Single Sweep/Sweep Continuous keys

While the Sequencer is active, the [Run Single] and [Run Cont] keys control the
Sequencer, not individual sweeps. [Run Single] starts the Sequencer in single mode,
while [Run Cont] starts the Sequencer in continuous mode.
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The "Single Sweep" and "Continuous Sweep" softkeys control the sweep mode for the
currently selected channel setup only; the sweep mode only has an effect the next time
the Sequencer activates that channel setup, and only for a channel-defined sequence.
In this case, a channel setup in single sweep mode is swept only once by the
Sequencer. A channel setup in continuous sweep mode is swept repeatedly.

6.4.2 Sequencer Settings

~ .; The "Sequencer" menu is available from the toolbar.
S
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Sequencer State
Activates or deactivates the Sequencer. If activated, sequential operation according to
the selected Sequencer mode is started immediately.

Remote command:

SYSTem:SEQuencer on page 623
INITiate:SEQuencer:IMMediate on page 622
INITiate:SEQuencer :ABORt on page 622

Sequencer Mode

Defines how often which measurements are performed. The currently selected mode
softkey is highlighted blue. During an active Sequencer process, the selected mode
softkey is highlighted orange.

"Single Sequence"
Each measurement is performed once, until all measurements in all
active channel setups have been performed.

"Continuous Sequence"
The measurements in each active channel setup are performed one
after the other, repeatedly, in the same order, until sequential opera-
tion is stopped.
This is the default Sequencer mode.

"Channel Defined Sequence"
First, a single sequence is performed. Then, only channel setups in
continuous sweep mode are repeated.

Remote command:
INITiate:SEQuencer :MODE on page 623

6.4.3 How to Set Up the Sequencer

In order to perform the configured measurements consecutively, a Sequencer function
is provided.



Channel Setup Overview

1. Configure a channel setup for each measurement configuration as required, includ-
ing the sweep mode.

2. In the toolbar, select the "Sequencer" icon.

%y

5
T
The "Sequencer" menu is displayed.

3. Toggle the "Sequencer" softkey to "On".

A continuous sequence is started immediately.

4. To change the Sequencer mode and start a new sequence immediately, select the
corresponding mode softkey, or press the [Run Single] or [Run Cont] key.

The measurements configured in the currently active channel setups are per-
formed one after the other in the order of the tabs until the Sequencer is stopped.
The result displays in the individual channel setups are updated as the measure-
ments are performed.

To stop the Sequencer

» To stop the Sequencer temporarily, press the highlighted [Run Single] or [Run
Cont] key (not for a channel-defined sequence). To continue the Sequencer, press
the key again.

To stop the Sequencer permanently, select the "Sequencer" icon in the toolbar and
toggle the "Sequencer" softkey to "Off".

6.5 Channel Setup Overview

Each channel setup provides an overview of the most important currently defined set-
tings and access to the most important configuration dialog boxes for the particular
measurement.
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Overview
Frequency Sweep

Ref Level

Level Offset Center 3.75 GHz Source Free Run
Input Alt Span 7.5 GHz Level =
Power Sensor Preamp Gated Trigger off

Olnput '!'r Amplitude 'Q'Frequency | I Trigger/Gate

C Output Bandwidth Analysis | Display Config

3.0 MHz Trace 1 Average

3.0 MHz Detector Sample

75 ms Marker 1 off

Filter Type Normal(3dB) Limits Off
Lines off

Preset Channel Setup Select Measurement

Using this overview, you can easily configure an entire channel setup from input over
processing to output and analysis by stepping through the dialog boxes as indicated.

See Chapter 7, "The Spectrum Application (RF Measurements)", on page 94 for
details on configuration.

6.6 Configuring Result Displays

Measurement results can be evaluated in many different ways, for example graphically,
as summary tables, statistical evaluations etc. Thus, the result display is highly config-
urable to suit your specific requirements and optimize analysis. Here you can find out
how to optimize the display for your measurement results.

General display settings that are usually configured during initial instrument setup,
independently of the current measurement, e.g. which items or colors are displayed on
the screen, are described in Chapter 9.2.1, "Display Settings", on page 502.

e Laying out the Result Display with the SmartGrid............ccooovecciiiiiiiei s 88
e Changing the Size of WINAOWS.......cccceiiiiiiciciiiieeeec e e e 93

6.6.1 Laying out the Result Display with the SmartGrid

Measurement results can be evaluated in many different ways, for example graphically,
as summary tables, statistical evaluations etc. Each type of evaluation is displayed in a
separate window in the channel setup tab. Up to 16 individual windows can be dis-
played per channel setup (i.e. per tab). To arrange the diagrams and tables on the
screen, the Rohde & Schwarz SmartGrid function helps you find the target position
simply and quickly.

(For details on evaluation methods see Chapter 7.2.2, "Basic Evaluation Methods",
on page 117.)
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Principally, the layout of the windows on the screen is based on an underlying grid, the
SmartGrid. However, the SmartGrid is dynamic and flexible, allowing for many different
layout possibilities. The SmartGrid functionality provides the following basic features:

® Windows can be arranged in columns or in rows, or in a combination of both.
® Windows can be arranged in up to four rows and four columns.

® Windows are moved simply by dragging them to a new position on the screen, pos-
sibly changing the layout of the other windows, as well.

® All evaluation methods available for the currently selected measurement are dis-
played as icons in the evaluation bar. If the evaluation bar contains more icons
than can be displayed at once on the screen, it can be scrolled vertically. The same
evaluation method can be displayed in multiple windows simultaneously.

® New windows are added by dragging an evaluation icon from the evaluation bar to
the screen. The position of each new window depends on where you drop the eval-
uation icon in relation to the existing windows.

e All display configuration actions are only possible in SmartGrid mode. When Smart-
Grid mode is activated, the evaluation bar replaces the current softkey menu dis-
play. When the SmartGrid mode is deactivated again, the previous softkey menu
display is restored.

e Background Information: The SmartGrid Principle...........cccoovieeiiieiiiiiiiccciieeeee. 89
e How to Activate SmartGrid MOde.........uuuueiiiiiieii e 91
e How to Add a New ReSUlt WINAOW........ccooiiiiiiiiiieeceere e 91
o How to Close @ ReSUIt WINAOW........eeiiiiiiiiiii e 92
o How to Arrange the Result WINAOWS.........ueiiiiiiiiiiiiiiieec e 92

6.6.1.1 Background Information: The SmartGrid Principle

SmartGrid display

During any positioning action, the underlying SmartGrid is displayed. Different colors
and frames indicate the possible new positions. The position in the SmartGrid where
you drop the window determines its position on the screen.
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Figure 6-1: Moving a window in SmartGrid mode

The brown area indicates the possible "drop area" for the window, i.e. the area in which
the window can be placed. A blue area indicates the (approximate) layout of the win-
dow as it would be if the icon were dropped at the current position. The frames indicate
the possible destinations of the new window with respect to the existing windows:
above/below, right/left or replacement (as illustrated in Figure 6-2). If an existing win-
dow would be replaced, the drop area is highlighted in a darker color shade.

Positioning the window

The screen can be divided into up to four rows. Each row can be split into up to four
columns, where each row can have a different number of columns. However, rows
always span the entire width of the screen and may not be interrupted by a column. A
single row is available as the drop area for the window in the SmartGrid. The row can
be split into columns, or a new row can be inserted above or below the existing row (if
the maximum of 4 has not yet been reached).

Figure 6-2: SmartGrid window positions

1 = Insert row above or below the existing row
2 = Create a new column in the existing row
3 = Replace a window in the existing row
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SmartGrid functions

Once the evaluation icon has been dropped, icons in each window provide delete and
move functions.

The "Move" icon allows you to move the position of the window, possibly changing the
size and position of the other displayed windows.

The "Delete" icon allows you to close the window, enlarging the display of the remain-
ing windows.

6.6.1.2 How to Activate SmartGrid Mode

All display configuration actions are only possible in SmartGrid mode. In SmartGrid
mode the evaluation bar replaces the current softkey menu display. When the Smart-
Grid mode is deactivated again, the previous softkey menu display is restored.

» To activate SmartGrid mode, do one of the following:
=
Select the "SmartGrid" icon from the toolbar.

e Select the "Display Config" button in the configuration "Overview".
e Select the "Display Config" softkey from the [Meas Config] menu.

The SmartGrid functions and the evaluation bar are displayed.

To close the SmartGrid mode and restore the previous softkey menu select the "Close"
icon in the right-hand corner of the toolbar, or press any key.

6.6.1.3 How to Add a New Result Window

Each type of evaluation is displayed in a separate window. Up to 16 individual windows
can be displayed per channel setup (i.e. per tab).

1. Activate SmartGrid mode.

All evaluation methods available for the currently selected measurement are dis-
played as icons in the evaluation bar.

2. Select the icon for the required evaluation method from the evaluation bar.
If the evaluation bar contains more icons than can be displayed at once on the
screen, it can be scrolled vertically. Touch the evaluation bar between the icons
and move it up or down until the required icon appears.

3. Drag the required icon from the evaluation bar to the SmartGrid, which is displayed
in the diagram area, and drop it at the required position. (See Chapter 6.6.1.5,
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"How to Arrange the Result Windows", on page 92 for more information on posi-
tioning the window).
Remote command:

LAYout :ADD[:WINDow]? on page 750/ LAYout :WINDow<n>:ADD? on page 754

6.6.1.4 How to Close a Result Window

» To close a window, activate SmartGrid mode and select the "Delete" icon for the
window.

Remote command:

LAYout :REMove [ :WINDow] on page 752 / LAYout : WINDow<n>:REMove
on page 755

6.6.1.5 How to Arrange the Result Windows

1. Select an icon from the evaluation bar or the "Move" icon for an existing evaluation
window.

2. Drag the evaluation over the SmartGrid.
A blue area shows where the window will be placed.

3. Move the window until a suitable area is indicated in blue.

4. Drop the window in the target area.

The windows are rearranged to the selected layout, and "Delete" and "Move" icons
are displayed in each window.

5. To close a window, select the corresponding "Delete" icon.
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Remote command:

LAYout:REPLace [ :WINDow] on page 752 / LAYout : WINDow<n>:REPLace
on page 755

6.6.2 Changing the Size of Windows

Each channel setup tab may contain several windows to evaluate the measurement
results using different methods. A "splitter" allows you to change the size of neighbor-
ing windows.

1 Frequency Sweep & 1Pk Clrw | 3 Marker Peak List

M1[1] -25.87 dBm No
#0  3.73500 GHz

f L U

4
(T 4V

1 { \

‘L \ 10
) il n

CF 3.75 GHz 1001 pts 750.0 MHz/} Span 7.5 LNz
2 Spectrogram ® 1Pk C m____-/0dBk

~ ol

CF 3.76 GHz 1001 pts Span 7.5 GHz Frame # 0

The splitters are not available in SmartGrid mode.

» To change the size of two neighboring windows, drag the splitter between the win-
dows in either direction.
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7 The Spectrum Application (RF Measure-
ments)

The Spectrum application provides basic RF measurements in the frequency and time
domain. The common settings for these measurements are described here.

e  Configuration OVEIVIEW.........c..uuuiiiiiiiiiiee ettt e e e e e e e e eananes 94
o Measurements and RESUILS. ..o 96
e Receiving Data Input and Providing Data Qutput..........ccccceiiiiiiiiiniiieeee e 275
e Frequency and Span Configuration...........ccceeii i 301
e Amplitude and Vertical Axis Configuration...........ccccceveeeeeiiisiccciiieeeee e 307
e Bandwidth, Filter and Sweep Configuration............ccccccviieiiieiie e, 316
e Trigger and Gate Configuration.............ceeeeeeiieiii i 331
o Adjusting Settings Automatically.............ueeiiiiiiiiiii e 343
O MArKer USAgE. ..cceiiiiiiiieiiee ettt ettt e e e e e e e e e e e eeee s 345
o Trace Configuration..........coiiiiiiiiii e 386
o Display and Limit LINES........uueiiiiiiiiiii et 418
L I o ToTa 1= I D 1S o1 F= V£ PSSP 437
e Importing and Exporting Measurement Results for Evaluation.............cccccceeee..n. 444
e  Optimizing MeasUrEmMENTS. ...t e e e e e e 455

7.1 Configuration Overview

Access: all menus

| B4 R-
LTI_/_' Each channel setup provides an overview of the most important currently defined set-
OrameEr tings and access to the most important configuration dialog boxes for the particular
measurement. This overview is available via the "Overview" icon, which is displayed in
all menus.

Overview
Frequency Sweep

Ref Level

Level Offset Center 3.75 GHz Source Free Run
Input Att Span 75 GHz Level =
Power Sensor Preamp Gated Trigger Off

O Input 'rr Amplitude 'Q Frequency | I Trigger/Gate

C Output Bandwidth Analysis | Display Config

RBW 3.0 MHz Trace 1 Average
VBW 3.0 MHz Detector Sample
SWT 7.5 ms Marker 1 off
Filter Type Normal(3dB} Limits off

Lines off

Preset Channel Setup Select Measurement
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Using this overview, you can easily configure an entire channel setup from input over
processing to output and analysis by stepping through the dialog boxes as indicated.

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

1. "Select Measurement"
See Chapter 7.2, "Measurements and Results", on page 96

2. Input
See Chapter 7.3.1, "Radio Frequency Input”, on page 275

3. Amplitude
See Chapter 7.5, "Amplitude and Vertical Axis Configuration", on page 307

4. Frequency
See Chapter 7.4, "Frequency and Span Configuration", on page 301

5. (Optionally:) Trigger/Gate
See Chapter 7.7, "Trigger and Gate Configuration”, on page 331

6. Bandwidth
See Chapter 7.6.2, "Bandwidth, Filter and Sweep Settings", on page 321
(For SEM measurements: SEM Setup, see Chapter 7.2.7.5, "SEM Configuration",
on page 173)
(For Spurious measurements: Spurious Setup, see Chapter 7.2.8.4, "Spurious
Emissions Measurement Configuration”, on page 203)

7. (Optionally:) Outputs
Requires option R&S FPL1-B5, see Chapter 7.3.4, "Output Settings", on page 299

8. Analysis
See Chapter 7.10, "Trace Configuration", on page 386 and Chapter 7.9, "Marker
Usage", on page 345

9. Display
See Chapter 6.6, "Configuring Result Displays", on page 88

To configure settings

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

Preset Channel Setup
Select the "Preset Channel" button in the lower left-hand corner of the "Overview" to
restore all measurement settings in the current channel setup to their default values.

Do not confuse the "Preset Channel" button with the [Preset] key, which restores the
entire instrument to its default values and thus closes all channel setups on the
R&S FPL1000 (except for the default channel setup)!

Remote command:
SYSTem:PRESet :CHANnel [ :EXEC] on page 931



Measurements and Results

7.2 Measurements and Results

Access: "Overview" > "Select Measurement"
Or: [MEAS]

In the Spectrum application, the R&S FPL1000 provides a variety of different measure-
ment functions.

® Basic measurements - measure the spectrum of your signal or watch your signal
in time domain

® Power measurements - calculate the powers involved in modulated carrier signals
® Emission measurements - detect unwanted signal emission

e Statistic measurements - evaluate the spectral distribution of the signal

® Special measurements - provide characteristic values of the signal

® EMI measurements - detect electromagnetic interference in the signal

The individual functions are described in detail in the following chapters.

The measurement function determines which settings, functions and evaluation meth-
ods are available in the R&S FPL1000. The various measurement functions are descri-
bed in detail here.

When you select a measurement function, the measurement is started with its default
settings immediately and the corresponding measurement configuration menu is dis-
played. The measurement configuration menu can be displayed at any time by press-
ing the [MEAS CONFIG] key.

The easiest way to configure measurements is using the configuration "Overview", see
Chapter 7.1, "Configuration Overview", on page 94.

In addition to the measurement-specific parameters, the general parameters can be
configured as usual, see Chapter 7, "The Spectrum Application (RF Measurements)",
on page 94. Many measurement functions provide special result displays or evaluation
methods; however, in most cases the general evaluation methods are also available,
see Chapter 7.2.2, "Basic Evaluation Methods", on page 117.

In addition to the measurement-specific parameters, the general parameters can be
configured as usual, see Chapter 7.1, "Configuration Overview", on page 94. Many
measurement functions provide special result displays or evaluation methods; how-
ever, in most cases the general evaluation methods are also available, see Chap-
ter 7.2.2, "Basic Evaluation Methods", on page 117.

The remote commands required to retrieve measurement results are described in
Chapter 11.8.7.4, "Retrieving Trace Results", on page 831.

®  BasiC MeasUrEmMeNtS.......uuuiiiiiiiiiiie e 97
o Basic Evaluation Methods. ...t 17
o Power Sweep MeasUre€mMENTS.......cooiiiiiiiiiiiiiiccccieie e e e e e e e e e e e e e e e e e e eeeeeeeeere e 119
e Channel Power and Adjacent-Channel Power (ACLR) Measurement.................. 127
o Carrier-to-NoiS€ MEaSUrEMENTS.......cuiiiiieeiie i e e e e e e e e e e e eenaens 149
e Occupied Bandwidth Measurement (OBW).........cuueeiieeeeeiiiiiciiieeeeeeeee e 152
e Spectrum Emission Mask (SEM) Measurement...........ccccceeeeveiicciiiiiineeeeeeeeeesieeennns 159
e Spurious Emissions MeasuremeNt..........ccocuuveeeeeieeeeiiieeccciieieeeee e seivvnae e 199
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e Statistical Measurements (APD, CCDF).....cooiouiiiiiiiiiieie e 212
e Time Domain Power Measur€ment.........ccooeiiiiieeiiiiciieiiiieee e e 226
e Harmonic Distortion Measurement..........cc.euvveeiiieeee i 231
e Third Order Intercept (TOI) MeaSUIremMENt...........cueeeeieieeeeieiiciieeeeeer e e e e e e 237
e AM Modulation Depth Measurement.............uuuvueiiciiiiiiieieiee e 247
e Electromagnetic Interference (EMI) Measurement..........ccceicveeeeiiiciieeeesisiieeeeens 250

Basic Measurements
Basic measurements are common sweeps in the time or frequency domain which pro-
vide an overview of the basic input signal characteristics.

If no other measurement function is selected, or if all measurement functions are
switched off, the R&S FPL1000 performs a basic frequency or time sweep.

After a preset, a frequency sweep is performed.

Use the general measurement settings to configure the measurement, e.g. via the
"Overview" (see Chapter 7.1, "Configuration Overview", on page 94).

Basic Measurement Types

FrEQUENCY SWEEP...oii i ittt e e e e e e e e e s et e e e e e e e e e e e e e s e nsnreneeeeeeess 97
Y (o TS o - 1 o PSSR 97
POWET SWEEP ...ttt e et e e e e e e e e e e e e e e e e e aaaaeaeas 98
I LU T o T S 98

Frequency Sweep

A common frequency sweep of the input signal over a specified span. Can be used for
general purposes to obtain basic measurement results such as peak levels and spec-
trum traces. The "Frequency" menu is displayed. This is the default measurement if no
other function is selected.

Use the general measurement settings to configure the measurement, e.g. via the
"Overview" (see Chapter 7.1, "Configuration Overview", on page 94).

Remote command:

[SENSe: ] FREQuency:STARt on page 763, [SENSe: ] FREQuency:STOP
on page 763

INITiate<n>[:IMMediate] on page 629

INITiate<n>:CONTinuous on page 628

Zero Span

A sweep in the time domain at the specified (center) frequency, i.e. the frequency span
is set to zero. The display shows the time on the x-axis and the signal level on the y-
axis, as on an oscilloscope. On the time axis, the grid lines correspond to 1/10 of the
current sweep time.

Use the general measurement settings to configure the measurement, e.g. via the
"Overview" (see Chapter 7.1, "Configuration Overview", on page 94).
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Most result evaluations can also be used for zero span measurements, although some
functions (e.g. markers) may work slightly differently and some may not be available. If
so, this will be indicated in the function descriptions (see Chapter 7.2.2, "Basic Evalua-
tion Methods", on page 117).

Remote command:

[SENSe: ] FREQuency: SPAN on page 762
INITiate<n>[:IMMediate] on page 629
INITiate<n>:CONTinuous on page 628

Power Sweep
In a power sweep, the measured power levels at the RF input are displayed versus the
provided power levels of the internal generator output.

For a power sweep, the internal generator signal provides an output signal at a fixed
frequency, and increases its power level within a specified range over time.

The power sweep measurement is available in the Spectrum application only, and only
if the optional Internal Generator R&S FPL1-B9 is installed.

For details see "Power Sweep Settings" on page 295.

Remote command:
SOURce<s1i>:POWer :MODE on page 805

All Functions Off
Switches off all measurement functions and returns to a basic frequency sweep.

Selecting "Frequency Sweep" has the same effect.

How to Perform a Basic Sweep Measurement

The following step-by-step instructions demonstrate how to perform basic sweep mea-
surements.

For remote operation, see Chapter 11.6.17, "Programming Example: Performing a
Basic Frequency Sweep", on page 747.

To perform one or more single sweeps

1. Configure the frequency and span to be measured ("Frequency" dialog box, see
Chapter 7.4, "Frequency and Span Configuration", on page 301).

2. Configure the number of sweeps to be performed in a single measurement
("Sweep Config" dialog box, see "Sweep/Average Count" on page 326).

3. If necessary, configure a trigger for the measurement ("Trigger/ Gate Config" dialog
box, see Chapter 7.7, "Trigger and Gate Configuration", on page 331).

4. Define how the results are evaluated for display ("Trace" dialog box, see Chap-
ter 7.10.1.2, "Trace Settings", on page 393).

5. If necessary, configure the vertical axis of the display ("Amplitude" dialog box, see
Chapter 7.5, "Amplitude and Vertical Axis Configuration”, on page 307).
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6. To start the measurement, select one of the following:

e [RUN SINGLE] key
e "Single Sweep" softkey in the "Sweep" menu

The defined number of sweeps are performed, then the measurement is stopped.
While the measurement is running, the [RUN SINGLE] key is highlighted. To abort
the measurement, press the [RUN SINGLE] key again. The key is no longer high-
lighted. The results are not deleted until a new measurement is started.

7. To repeat the same number of sweeps without deleting the last trace, select the
"Continue Single Sweep" softkey in the "Sweep" menu.

To start continuous sweeping

1. If you want to average the trace or search for a maximum over more (or less) than
10 sweeps, configure the "Sweep/Average Count" ("Sweep Config" dialog box, see
"Sweep/Average Count" on page 326).

2. To start the measurement, select one of the following:

e [RUN CONT] key
e "Continuous Sweep" softkey in the "Sweep" menu

After each sweep is completed, a new one is started automatically. While the mea-
surement is running, the [RUN CONT] key is highlighted. To stop the measure-
ment, press the [RUN CONT] key again. The key is no longer highlighted. The
results are not deleted until a new measurement is started.

7.21.3 Measurement Examples - Measuring a Sinusoidal Signal
One of the most common measurement tasks that can be handled using a signal ana-

lyzer is determining the level and frequency of a signal. When measuring an unknown
signal, you can usually start with the presettings.

High input values

If levels higher than +30 dBm (=1 W) are expected or are possible, a power attenuator
must be inserted before the RF input of the analyzer. Otherwise, signal levels exceed-
ing 30 dBm can damage the RF attenuator or the input mixer. The total power of all
occurring signals must be taken into account.

Test setup

® Connect the RF output of the signal generator to the RF input of the
R&S FPL1000.
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Table 7-1: Signal generator settings (e.g. R&S SMW)

Frequency 128 MHz
Level -30 dBm
e Measuring the Level and Frequency Using Markers...........ccccceeeveveveeeeeeeeevvninnnnnen. 100
e Measuring the Signal Frequency Using the Signal Counter.........ccccoeeveeeiennennn.n. 101

Measuring the Level and Frequency Using Markers

The level and frequency of a sinusoidal signal can be measured easily using the
marker function. The R&S FPL1000 always displays its amplitude and frequency at the
marker position. The frequency measurement uncertainty is determined by the refer-
ence frequency of the R&S FPL1000, the resolution of the marker frequency display
and the number of sweep points.

1. Select [PRESET] to reset the instrument.

2. Connect the signal to be measured to the "RF INPUT" connector on the
R&S FPL1000.

3. Set the center frequency to 128 MHz.
4. Reduce the frequency span to 7 MHz.

Note: Coupled settings. When the frequency span is defined, the resolution band-
width, the video bandwidth and the sweep time are automatically adjusted,
because these functions are defined as coupled functions in the presettings.

5. Select [MKR] to activate marker 1 and automatically set it to the maximum of the
trace.

The level and frequency values measured by the marker are displayed in the
marker information at the top of the display.

Note: Performing a peak search. When a marker is initially activated, it automati-
cally performs the peak search function (as shown in the example).

If a marker was already active, select the [Peak Search] key or the "Peak" softkey
in the [MKR >] menu in order to set the currently active marker to the maximum of
the displayed signal.

Increasing the Frequency Resolution

The frequency resolution of the marker is determined by the resolution of the trace. A
trace consists of 1001 trace points, i.e. if the frequency span is 1 MHz, each trace point
represents a span of approximately 1 kHz. This corresponds to a maximum uncertainty
of +/- 0.5 kHz.

You can increase the resolution of the trace by reducing the frequency span.
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Reducing the frequency span to 10 kHz
» Reduce the frequency span to 10 kHz.

The resolution of the trace is now approximately 10 Hz (10 kHz span / 1001 trace
points), thus, the precision of the marker frequency display increases to approxi-
mately +5 Hz.

Setting the Reference Level

The reference level is the level at the upper limit of the diagram. To achieve the widest
dynamic range possible for a spectrum measurement, use the entire level span of the
R&S FPL1000. In other words, the highest level that occurs in the signal should be
located at the top edge of the diagram ( = reference level) or immediately below it.

Low Reference Levels
If the selected reference level is lower than the highest signal that occurs in the spec-
trum, the signal path in the R&S FPL1000 is overloaded.

In this case, the message "IFOVL" is displayed in the error message field.

In the presettings, the value of the reference level is 0 dBm. If the input signal is

-30 dBm, the reference level can be reduced by 30 dB without causing the signal path
to be overloaded.

Reducing the reference level by 30 dB

» Set the reference level to -30 dBm.

The maximum of the trace is near the maximum of the measurement diagram. The
increase in the displayed noise is not substantial. Thus, the distance between the
signal maximum and the noise display (=dynamic range) has increased.

Setting the reference level with the help of a marker

You can also use a marker to shift the maximum value of the trace directly to the top
edge of the diagram. If the marker is located at the maximum level of the trace (as in
this example), the reference level can be moved to the marker level as follows:

1. Press the [MKR ->] key.
2. Select "Ref Lvl = Mkr LvI".

The reference level is set to the current marker level.

Measuring the Signal Frequency Using the Signal Counter

The built-in signal counter allows you to measure the frequency more accurately than
measuring it with the marker. The frequency sweep is stopped at the marker, and the
R&S FPL1000 measures the frequency of the signal at the marker position (see also
Chapter 7.9.4.1, "Precise Frequency (Signal Count) Marker", on page 363).

In the following example, the frequency of the generator at 128 MHz is shown using
the marker.
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Prerequisite

Precise frequency measurements require a precise reference frequency. Therefore, an
external reference frequency from the signal generator is used. Connect the signal
generator's "Ref OUT" connector to the analyzer's "Ref IN" connector.

1. Select [PRESET] to reset the instrument.

2. Set the center frequency to 7128 MHz.

3. Set the frequency span to 1 MHz.
4

Select "Setup" > "Reference" > "External Reference 10 MHZz" to activate the exter-
nal reference frequency.

5. Select [MKR] to activate marker 1 and automatically set it to the maximum of the
trace.

The level and the frequency of the marker are displayed in the marker results in the
diagram or the marker table.

6. Select [MKR FUNC] > "Signal Count" to activate the signal counter.
The result of the signal counter is displayed in the marker results.

7. If necessary, increase the resolution of the signal counter by selecting "Signal
Count Resolution" (in the "Signal Count" menu).

In order to obtain a correct result when measuring the frequency with the internal sig-
nal counter, an RF sinusoidal signal or a spectral line must be available. The marker
must be located more than 25 dB above the noise level to ensure that the specified
measurement accuracy is adhered to.

6 Prerequisites for using the internal signal counter

7.2.1.4 Measurement Example — Measuring Levels at Low S/N Ratios

The minimum signal level a signal analyzer can measure is limited by its intrinsic noise.
Small signals can be swamped by noise and therefore cannot be measured. For sig-
nals that are just above the intrinsic noise, the accuracy of the level measurement is
influenced by the intrinsic noise of the R&S FPL1000.

The displayed noise level of a signal analyzer depends on its noise figure, the selected
RF attenuation, the selected reference level, the selected resolution and video band-
width and the detector.

For details see:

® Chapter 7.5.1.2, "RF Attenuation", on page 309

® Chapter 7.5.1.1, "Reference Level", on page 308

® Chapter 7.6.1.1, "Separating Signals by Selecting an Appropriate Resolution Band-
width", on page 317

® Chapter 7.6.1.2, "Smoothing the Trace Using the Video Bandwidth", on page 318
® "Mapping Samples to sweep Points with the Trace Detector" on page 386
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This measurement example shows the different factors influencing the S/N ratio.

Table 7-2: Signal generator settings (e.g. R&S SMW)

Frequency 128 MHz

Level -95 dBm

1. Preset the R&S FPL1000.
Set the center frequency to 128 MHz.
Set the span to 700 MHz.

A w0 DN

Set the reference level to-30 dBm.

The signal is measured with the auto peak detector and is completely hidden in the
intrinsic noise of the R&S FPL1000.

MultiView =2 Spectrum

Ref Level -30.00 dBm RBW 1 MHz

Att 0dB SWT 1.0l ms VBW 1MHz Mode A
1 Frequency Sweep

A Nﬂ' A

CF 128.0 MHz 1001 pts Span 100.0 MHz

Figure 7-1: Sine wave signal with low S/N ratio

5. To suppress noise spikes, average the trace. In the "Traces" configuration dialog,
set the "Trace Mode" to "Average" (see "Trace Mode" on page 394).

The traces of consecutive sweeps are averaged. To perform averaging, the
R&S FPL1000 automatically switches on the sample detector. The RF signal,
therefore, can be more clearly distinguished from noise.

e
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MultiView =2 Spectrum

Ref Level -30.00 dBm RBW 1 I
Att OdB SWT 1.0l ms VBW 1MHz Mode A
1 Frequency Sweep

o
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CF 128.0 MHz 1001 pts Span 100.0 MHz

Figure 7-2: RF sine wave signal with low S/N ratio with an averaged trace

6. Instead of trace averaging, you can select a video filter that is narrower than the
resolution bandwidth. Set the trace mode back to "Clear/ Write", then set the VBW
to 10 kHz manually in the "Bandwidth" configuration dialog.

The RF signal can be distinguished from noise more clearly.
MultiView =2 Spectrum
Ref Level

Att 0dB
1 Frequency Sweep

R T

CF 128,0 MHz 1001 pts Span 100.0 MHz

Figure 7-3: RF sine wave signal with low S/N ratio with a smaller video bandwidth

7. By reducing the resolution bandwidth by a factor of 10, the noise is reduced by
10 dB. Set the RBW to 100 kHz.

e
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The displayed noise is reduced by approximately 10 dB. The signal, therefore,
emerges from noise by about 10 dB. Compared to the previous setting, the video
bandwidth has remained the same, i.e. it has increased relative to the smaller reso-
lution bandwidth. The averaging effect of the video bandwidth is therefore reduced.
The trace will be noisier.

MultiView =2 Spectrum

Ref Level -30.00 dBm ® RBW 100 kHz

Att OdB SWT 762 us (~42 ms) ® ¥VBW 10kHz Mode Auto FFT
1 Frequency Sweep

MBI 1 B

CF 128.0 MHz 1001 pts Span 100.0 MHz

Figure 7-4: Reference signal at a smaller resolution bandwidth

7.2.1.5 Measurement Examples - Measuring Signal Spectra with Multiple Signals

Separating Signals by Selecting the Resolution Bandwidth.........c.c.cccceiiniiieen. 105

Measuring the Modulation Depth of an AM-Modulated Carrier in the Frequency

1D T 1 0= 1o PSPPSR 109
e Measuring AM-Modulated Signals...........coooiiiiiiiiiiiii e 110

Separating Signals by Selecting the Resolution Bandwidth

A basic feature of a Signal and Spectrum Analyzer is the ability to separate the spec-
tral components of a mixture of signals. The resolution at which the individual compo-
nents can be separated is determined by the resolution bandwidth. Selecting a resolu-
tion bandwidth that is too large may make it impossible to distinguish between spectral
components, i.e. they are displayed as a single component (see also Chapter 7.6.1.1,
"Separating Signals by Selecting an Appropriate Resolution Bandwidth",

on page 317).

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

e
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In this measurement example we will analyze two signals with a level of -30 dBm each
and a frequency spacing of 30 kHz.

Signal
Generalor 1 l
Coupler Spectrum
EE—
[- & dB] Analyzer
Signal T
Generator 2
Figure 7-5: Test setup
Table 7-3: Signal generator settings (e.g. R&S SMW)
Level Frequency
Signal generator 1 -30 dBm 128,00 MHz
Signal generator 2 -30 dBm 128,03 MHz

1. Select [PRESET] to reset the instrument.
Set the center frequency to 728.015 MHz.

Set the frequency span to 300 kHz.

A 0N

Set the resolution bandwidth to 30 kHz and the video bandwidth to 7 kHz.

Note: Larger video bandwidths. The video bandwidth is set to 1 kHz in order to
make the level drop in the center of the two signals clearly visible. At larger video
bandwidths, the video voltage that results from envelope detection is not suffi-
ciently suppressed. This produces additional voltages, which are visible in the
trace, in the transition area between the two signals.
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MultiView =2 Spectrum

Ref Level 0.00 dBm ® RBW 30 kHz
Att 10dB  SWT 7 (~14 ms) ® VBW 1kHz Mode Autc FFT
1 Frequency Sweep

R .. L W S
CF 128.015 MHz 1001 pts 30.0 kHz/ Span 300.0 kHz

Figure 7-6: Measurement of two equally-leveled RF sinusoidal signals with the resolution band-
width which corresponds to the frequency spacing of the signals

Matching generator and R&S FPL1000 frequencies

The level drop is located exactly in the center of the display only if the generator
frequencies match the frequency display of the R&S FPL1000 exactly. To achieve
exact matching, the frequencies of the generators and the R&S FPL1000 must be
synchronized.

5. Set the resolution bandwidth to 700 kHz.

It is no longer possible to clearly distinguish the two generator signals.
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MultiView Spectrum

Ref Level O m ® RBW 100 kHz
Att ) C ® VBW 1 kHz
1 Frequency Sweep

CF 128.015 MHz 1001 pts Span 300.0 kHz

Figure 7-7: Measurement of two equally-leveled RF sinusoidal signals with a resolution band-
width which is larger than their frequency spacing

6. Set the resolution bandwidth to 7 kHz.

The two generator signals are shown with high resolution. However, the sweep
time becomes longer. At smaller bandwidths, the noise display decreases simulta-
neously (10 dB decrease in noise floor for a decrease in bandwidth by a factor of
10).

MultiView =2 Spectrum

Ref Level 0.00 dBm ® RBW 1 kHz
Att i0dB SWT 4.19 2 @ VBW 1kHz Mode Auto FFT
1 Frequency Sweep

CF 128.015 MHz 1001 pts 30.0 kHz/ Span 300.0 kHz

Figure 7-8: Measurement of two equally-leveled RF sinusoidal signals with a resolution band-
width (1 kHz) which is significantly smaller than their frequency spacing

s
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Measuring the Modulation Depth of an AM-Modulated Carrier in the Frequency
Domain

In the frequency range display, the AM side bands can be resolved with a narrow
bandwidth and measured separately. The modulation depth of a carrier modulated with
a sinusoidal signal can then be measured. Since the dynamic range of a signal ana-
lyzer is very large, extremely small modulation depths can also be measured precisely.
For this purpose, the R&S FPL1000 provides measurement routines that output the
modulation depth numerically in percent directly.

Signal Signal
Generator ™ Analyzer

Figure 7-9: Test setup

Table 7-4: Signal generator settings (e.g. R&S SMW)

Frequency 128 MHz
Level -30 dBm
Modulation 50 % AM, 10 kHz AF

1. Select [PRESET] to reset the instrument.
Set the center frequency to 728 MHz.
Set the frequency span to 50 kHz.

A 0N

Select [MEAS] > "AM Modulation Depth" to activate the modulation depth mea-
surement.

The R&S FPL1000 automatically sets a marker to the carrier signal in the center of
the diagram and one delta marker each to the upper and lower AM sidebands. The
R&S FPL1000 calculates the AM modulation depth from the level differences of the
delta markers to the main marker and outputs the numeric value in the marker
information.
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MultiView =2 Spectrum

Ref Level -10 dBm RBW
0dBE  SWT 8.3 s(~16 ms) VBW Mode Auto FFT

1 AM Mod Depth

9.9900 kHz
M1[1] -30.27 dBm
128.0000000 MHz

CF 128.0 MHz 1001 pts 5.0 kHz/ Span 50.0 kHz

2 Marker Table
Type Ref Trc X-Value Y-Value Function Function Result
M1 1 128.0 MHz -30.27 dBm
M1 1 9.99 kHz -12.05 dB MDepth 49.897 %
M1 1 -9.99 kHz -12.06 dB

Figure 7-10: Measurement of the AM modulation depth

The modulation depth is displayed as "MDepth". The frequency of the AF signal can be
obtained from the frequency display of the delta marker.

Measuring AM-Modulated Signals

The R&S FPL1000 rectifies the RF input signal (that is, removes the negative parts)
and displays it as a magnitude spectrum. The rectification also demodulates AM-modu-
lated signals. The AF voltage can be displayed in zero span if the modulation side-
bands fall within the resolution bandwidth.

Displaying the AF of an AM-modulated signal (Zero Span)

Signal
Generator

Signal
Analyzer

Figure 7-11: Test setup

Table 7-5: Signal generator settings (e.g. R&S SMW)

Frequency 128 MHz
Level -30 dBm
Modulation 50 % AM, 1 kHz AF

1. Select [PRESET] to reset the instrument.
2. Set the center frequency to 128 MHz.

3. Set the frequency span to 0 Hz or select "Zero Span".

|
User Manual 1178.3370.02 — 09 110



R&S®FPL1000 The Spectrum Application (RF Measurements)
______________________________________________________________________________________________________________________________________________________________|

4. Setthe sweep time to 2.5 ms.

5. Set the reference level to 6 dBm and the display range to linear ([AMPT] > "Scale
Config" > "Scaling": "Linear Percent").

6. Define triggering in response to the AF signal using the video trigger to produce a
static image.

a) Press the [TRIG] key.
b) Select "Video".
c) Setthe "Trg/Gate Level" to 50%.

The trigger level is displayed as a horizontal line across the entire measurement
diagram. The R&S FPL1000 displays the 1 kHz AF signal as a static image in zero
span.

MultiView =2 Spectrum

Ref Level -10.(
Att 0 dB 8.3 s (~16 ms) 50 Mode Auto FFT
1 AM Mod Depth

9.9900 kHz
M1[1] -30.27 dBm
128.0000000 MHz

CF 128.0 MHz 1001 pts — 5.0 kHz/ Span 50.0 kHz

2 Marker Table
Type Ref Trc X-Value ¥-Value Function Function Result
M1 1 128.0 MHz -30.27 dBm
D2 M1 1 9.99 kHz -12.05 dB MDepth 49.897 %
D3 M1 1 -9.99 kHz -12.06 dB

Figure 7-12: Measurement of the AF signal of a carrier that is AM-modulated with 1 kHz

7. Activate the internal AM demodulator to output the audio signal.

a) Press the [MKR FUNC] key.

b) Select "Marker Demodulation".
The R&S FPL1000 automatically switches on the AM audio demodulator. A
1 kHz tone can be heard over headset (via the headphones connector). If nec-
essary, use the volume control to turn up the volume.

7.2.1.6 Measurement Examples in Zero Span

For radio transmission systems that use the TDMA method (for example, GSM), trans-
mission quality is determined not only by spectral characteristics but also by character-
istics in zero span. A timeslot is assigned to each user since several users share the
same frequency. Smooth operation is ensured only if all users adhere exactly to their
assigned timeslots.

|
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Both the power during the send phase as well as the timing and duration of the TDMA
burst, and rise and fall times of the burst, are important.

e Measuring the Power Characteristic of Burst Signals.......cccccccoooiiiiiiiiicnnn. 112
e Measuring the Signal-to-Noise Ratio of Burst Signals..........ccccocceiiiiiiniinnnn. 115
Measuring the Power Characteristic of Burst Signals

To measure power in zero span, the R&S FPL1000 offers easy-to-use functions that

measure the power over a predefined time.

Measuring the Power of a GSM Burst During the Activation Phase

Signal
Generator

Sianal
Analyzer

Figure 7-13: Test setup

Table 7-6: Signal generator settings (e.g. R&S SMW)

Frequency 890 MHz
Level 0dBm
Modulation GSM, one timeslot activated

1. Select [PRESET] to reset the instrument.

Set the center frequency to 890 MHz ([FREQY]).

Set the frequency span to 0 Hz ([SPAN] > "Zero Span").

Set the reference level to 70 dBm (= level of the signal generator +10 dB) (AMPT).
Set the attenuation to 20 dB ([AMPT] > "RF Atten Manual").

Set the resolution bandwidth to 7 MHz ([BW] > "Res BW").

N oo o M DN

Set the sweep time to 1 ms ([SWEEP] > "Sweep Time Manual").
The R&S FPL1000 shows the GSM burst continuously across the display.

8. Using the video trigger, set triggering on the rising edge of the burst.

a) Press the [TRIG] key.
b) Set the "Trg Source" to "Video".
c) Setthe "Trg/Gate Level" to 70%.

The R&S FPL1000 shows a static image with the GSM burst at the start of the
trace. The trigger level is displayed as a horizontal line labeled with the absolute
level for the trigger threshold in the measurement diagram.

9. Activate power measurement within the activation phase of the burst in zero span.

a) Press the [MEAS] key.
b) Select "Time Domain Power".
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c) Select "Time Dom Power Config".

d) Set the "Limits" state to "On".

e) Select the "Left Limit" input field.

f) By turning the rotary knob clockwise, move the vertical line "S1" to the start of
the burst.

g) Select the "Right Limit" input field.

h) By turning the rotary knob clockwise, move the vertical line "S2" to the end of
the burst.

The R&S FPL1000 displays the average (mean) power during the activation phase
of the burst.

MultiView =2 Spectrum

Ref Level 10.00 ® RBW 1 MHz

Att 2 > ® SWT 1ms VBW 1MHz
(5]

1 Time Domain Power

M.’\f,'“]'\’""n\“"u’“',"iliw(‘“’«j““J“‘u‘"’V'Jm,[m";],\"4‘{“’[“:;'”Wl\”l(ﬂ‘f‘“ﬂp"r'ﬁl“l‘f"h

CF 890.0 MHz 100_1_ pts 100.0 ps/
2 Marker Table

Type Ref Trc X-Value ¥-Value i Function Result
M1 1 500.0 ps -0.56 dBm Tl ] -0.59 dBm

Figure 7-14: Measurement of the average power during the burst of a GSM signal

Measuring the Edges of a GSM Burst with High Time Resolution

Due to the high time resolution of the R&S FPL1000 at the 0 Hz display range, the
edges of TDMA bursts can be measured precisely. The edges can be shifted to the
display area using the trigger offset.

Signal
Generator

Signal
Analyzer

Figure 7-15: Test setup

Table 7-7: Signal generator settings (e.g. R&S SMW)

Frequency 890 MHz
Level 0dBm
Modulation GSM, one timeslot activated

|
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The measurement is based on the example "Measuring the Power of a GSM Burst
During the Activation Phase" on page 112.

1. Switch off the power measurement.

a) Press the [MEAS] key.
b) Select "Zero Span".

2. Increase the time resolution by setting the sweep time to 100 us ((SWEEP] >
"Sweep Time Manual").

3. Shift the rising edge of the GSM burst to the center of the display by defining a trig-
ger offset.

a) Press the [TRIG] key.

b) Select "Trigger Offset".

c) By turning the rotary knob counterclockwise, reduce the trigger offset until the
burst edge is displayed in the center of the display, or enter -50 us.
The R&S FPL1000 displays the rising edge of the GSM burst.

Multiview == Spectrum

Ref Level 10.00 dBm ® RBW 1 MHz
20dB ® SWT 100ps  VBW 1 MHz

INlo
,( ‘\M W{W A

[
e e
i i

“'ﬂ‘l\.’ ‘\

f
|

1
CF 890.0 MHz 1001 pts

Figure 7-16: Rising edge of the GSM burst displayed with high time resolution

4. Move the falling edge of the burst to the center of the display. To do so, switch the
trigger "Slope" to "Falling" ([TRIG] > "Trigger/ Gate Config").

The R&S FPL1000 displays the falling edge of the GSM burst.

|
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® RBW 1 MHz
dB ® SWT 100 s VBW 1MHz

1 Zero Span ® 1AP Clrw
M1[1] -84.36 dBm
49,5000 ps

CF 890.0 MHz 1001 pts

Figure 7-17: Falling edge of the GSM burst displayed with high time resolution

Measuring the Signal-to-Noise Ratio of Burst Signals

When TDMA transmission methods are used, the signal-to-noise ratio or the dynamic
range for deactivation can be measured by comparing the power values during the
activation phase and the deactivation phase of the transmission burst. Therefore, the
R&S FPL1000 provides a measurement for absolute and relative power in zero span.
In the following example, the measurement is performed using a GSM burst.

Signal-to-Noise Ratio of a GSM Signal

Signal
Generator

Signal
Analyzer

Figure 7-18: Test setup

Table 7-8: Signal generator settings (e.g. R&S SMW)

Frequency 890 MHz
Level 0 dBm
Modulation GSM, one time slot is switched on

1. Select [PRESET] to reset the instrument.
Set the center frequency to 890 MHz.
Set the frequency span to 0 Hz.

Set the resolution bandwidth to 1 MHz.

o & w0 DN

Set the reference level to 0 dBm (= level of the signal generator).

e
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6. Setthe sweep time to 2 ms ([SWEEP] > "Sweep Time Manual").
The R&S FPL1000 shows the GSM burst continuously across the display.

7. Use the trigger source "Video" and the trigger slope "Rising" to trigger on the rising
edge of the burst and shift the start of the burst to the center of the display (see
step 3 in "Measuring the Edges of a GSM Burst with High Time Resolution"
on page 113).

8. Activate power measurement within the activation phase of the burst in zero span.

a) Press the [MEAS] key.

b) Select "Time Domain Power".

c) Select "Time Dom Power Config".

d) Set the "Limits" state to "On".

e) Select the "Left Limit" input field.

f) By turning the rotary knob clockwise, move the vertical line "S1" to the start of
the burst.

g) Select the "Right Limit" input field.

h) By turning the rotary knob clockwise, move the vertical line "S2" to the end of
the burst.

i) Note down the power result for the burst, indicated by the "TD Pow RMS" result
in the marker table.

9. Measure the power during the deactivation phase of the burst by switching the trig-
ger slope to "Falling" ([TRIG] > "Trigger/ Gate Config").

The R&S FPL1000 initiates triggering in response to the falling edge of the burst.
This shifts the burst to the left-hand side of the measurement diagram. The power
is measured in the deactivation phase.

MultiView =2 Spectrum

® RBW 1 MHz
5 @ SWT 2ms  VBW 1 MHz

1 Time Domain Power ® 15a Clrw
[ M1[1] -83.26 dBm
1.00000 ms

l'»w | wu,,w ”;,rl\l' ] ”l“,l 'lr‘ 'Nﬂl/*q“h ;\WM ! “”"\N WW M‘a\ "*WN \‘"ﬂ\ﬂ‘w,|"}'\'|' i l'J;\'l"}

CF 890 0 MHz 10_01_[_)t5 200.0 us

2 Marker Table
Type Ref Trc X-Value ¥-Value Function Function Result
M1 1 1.0 ms -832.99 dBm TD Pow RMS -84.65 dBm

Figure 7-19: Measurement of the signal-to-noise ratio of a GSM burst signal in zero span

|
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7.2.2

10. Note down the power result for the measured noise, indicated by the "TD Pow
RMS" result in the marker table.

Subtract the measured noise power from the burst power to obtain the signal-to-
noise ratio of the burst signal.

Basic Evaluation Methods

Measurement results can be displayed and evaluated using various different methods,
also at the same time. Depending on the currently selected measurement, in particular
when using optional firmware applications, not all evaluation methods are available.

The evaluation methods described here are available for most measurements in the
Spectrum application.

D E=To | =1 o TR PPPPPPP 117
MaATKEE TADIE.....ccoiiieie et 117
Marker Peak LiSt.......cooi oo 118
RESUIL SUMIMAIY..cciiiiiiiii et e e st e e e s s rareeeee e 118
ST ol=Ted 1 feTo | ir=1 o o PP PP PTPPTT R SORPP 119
Diagram

Displays a basic level vs. frequency or level vs. time diagram of the measured data to
evaluate the results graphically. This is the default evaluation method. Which data is
displayed in the diagram depends on the "Trace" settings. Scaling for the y-axis can be
configured.

& 1Rm Clrw

WMo oty SR RSN 4
1001 pts Span 25.7 MHz

Remote command:

LAY:ADD? '1',RIGH, DIAG, see LAYout:ADD[:WINDow]? on page 750
Results:

TRACe<n>[ :DATA] on page 832

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

This table is displayed automatically if configured accordingly.
(See "Marker Table Display" on page 353).

|
User Manual 1178.3370.02 — 09 117



R&S®FPL1000 The Spectrum Application (RF Measurements)

1

Ref lrc Stmulus | Functon Funcoon Result
11 1 13, iHz 7 d 3.15

1

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

Remote command:

LAY:ADD? '1',RIGH, MTAB, see LAYout:ADD[:WINDow]? on page 750
Results:

CALCulate<n>:MARKer<m>:X on page 845
CALCulate<n>:MARKer<m>:Y on page 858

Marker Peak List

The marker peak list determines the frequencies and levels of peaks in the spectrum or
time domain. How many peaks are displayed can be defined, as well as the sort order.
In addition, the detected peaks can be indicated in the diagram. The peak list can also
be exported to a file for analysis in an external application.

You can define search and sort criteria to influence the results of the analysis.

3 Marker Peak List
Whd Mo x-Value
. 245 s

s i

]

Remote command:

LAY:ADD? '1',RIGH, PEAK, see LAYout:ADD[:WINDow]? on page 750
Results:

CALCulate<n>:MARKer<m>:X on page 845
CALCulate<n>:MARKer<m>:Y on page 858

Result Summary

Result summaries provide the results of specific measurement functions in a table for
numerical evaluation. The contents of the result summary vary depending on the
selected measurement function. See the description of the individual measurement
functions for details.

2 Result Summary

Offset Power
-0.86 dBm

-0.86 dBm -
Lower JEper

-79.59 dB -80.34 dB

-85.04 dB -83.85 dB

t
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Remote command:
LAY:ADD? '1',RIGH, RSUM, see LAYout:ADD[:WINDow]? on page 750

Spectrogram

A spectrogram shows how the spectral density of a signal varies over time. The x-axis
shows the frequency or sweep time, the y-axis shows the measurement time. A third
dimension, the power level, is indicated by different colors. Thus you can see how the
strength of the signal varies over time for different frequencies.

The spectrogram display consists of two diagrams: the standard spectrum result dis-
play (upper diagram) and the spectrogram result display (lower diagram).

For details see Chapter 7.10.2.1, "Working with Spectrograms", on page 398.

Remote command:
LAY:ADD? '1l',RIGH, SGR,Ssee LAYout:ADD[:WINDow]? on page 750

7.2.3 Power Sweep Measurements

For a power sweep measurement, the internal generator signal remains at a fixed fre-
quency, but increases its power level within a specified range over time. The default
frequency of the internal generator is coupled to the (center) frequency of the analyzer
and can be set from 5 kHz to the maximum frequency of the R&S FPL1000. However,
you can define an offset for the internal generator frequency.

As a result, the measured power levels at the RF input are displayed versus the provi-
ded power levels of the internal generator output.
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-50.0 dBm CF 3.75 GHz

This measurement is only available if the optional internal generator is installed
(R&S FPL1-B9) and active, and only in the Spectrum application.

Thus, you can use the internal generator signal as a reference input signal for your
power-converting DUT. Then you can compare the DUT input to its output at the RF
input of the analyzer. Ideally, the result is a linear trace, that is: the output is directly
proportional to the input power. Any distortion to the linear trace indicates the effects of

the DUT. This result is useful, for example, to determine the compression point for
amplifiers.

RF Input
power

A Ideal trace

Actual trace

Generator
= output
power

The settings for a power sweep measurement are described in "Power Sweep Set-
tings" on page 295.

e About the Power Sweep Compression Point Measurement...........ccccccevvvvvvvnnneee. 121
e Power Sweep Compression Point ReSUILS...........uuccciiiiiiiiieeeeeeeeeeve, 123
e Power Sweep Compression Point SettingsS..........ccceeeiieiiiiiiiieeee, 124
e How to Determine Compression POINtS...........uucceiiiiiiiiiiiiiiieeeeeeeeeeeeeeeee 126
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7.2.3.1 About the Power Sweep Compression Point Measurement

The compression point refers to the power level at which a power-converting device

deviates from a linear input to output relation. The compression point of an amplifier
defines the upper limit of its dynamic range. Using an optional internal generator, the
R&S FPL1000 can perform a power sweep to determine the compression point of a

device under test.

In a power sweep compression point measurement, you use the internal generator sig-
nal as a reference input signal for your power-converting DUT. Then you compare the
DUT input to its output, which is measured at the RF input of the analyzer.

-
-
F
=

[
L]
-
L]

iy ﬁ"'nlﬁllll?lr.l-. y k "'I.-Il,“ .I.If"" IFJ‘IF'-J

Gen Qutput 50 O

Figure 7-20: Test setup for compression point measurement using an internal generator

The compression point is defined as the power level at which the relationship between
the input power and output power deviates from the linear trace. Various compression
points can be defined, depending on the amount of deviation. For example, the 1 dB

compression point indicates when the output power deviates from the linear response
by 1 dB.
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RF Input
power

A Ideal trace

Actual trace
1dB_— TxdB
Generator
1dB x dB > Ol;f::::
Refergnce compr. compr. P
point point point

Figure 7-21: Compression point calculation

Level offset

In an ideal measurement setup, the relation between the output power of the DUT to
the input power is linear throughout the measured power range. However, due to cable
loss, for instance, a level offset can occur. By defining a known level offset for the mea-
surement, you can shift the x-axis scale to compensate for the loss. Nevertheless, you
define the correct power start level and stop level to be applied to the DUT and swept
by the measurement.

Reference point

By default, the linear trace describing the relation between the output power of the
DUT to the input power is assumed to start at the defined start power level. The start-
ing point is referred to as the reference point for the compression measurement.
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RF Input .
power Linear trace
- | Linear trace |
_(Ref2)
Ref. Point 2 1dB Actual trace
_________________________________ ‘.dB

Generator

» output

Reference 1dBcp 1dBcp power

point 1 (Ref1)  (Ref2)

Figure 7-22: Reference point offset

However, you can shift the reference point anywhere within the specified power sweep
range. In this case, the linear trace on which the deviation or compression calculation
is based is also shifted. In the compression measurement results, the used reference
point is also indicated.

is enabled, the compression point measurement is not available. If normalization is

6 Compression point measurement is not available for normalized data. If normalization
switched on, the compression point measurement is switched off.

7.2.3.2 Power Sweep Compression Point Results

As a result of the compression point measurement, in addition to the power sweep dia-
gram, a result table is displayed.
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7.2.3.3

-50.0 dBm CF3.75 GHz

2 Result Summary
Compression Point Reference
10d8 500 dBm
3.0d8 -50.0 dBm

The result summary contains the following results:

® "Compression Point": Level of compression

e "Reference": Used reference point for calculation

® "Generator Level": Input level of the DUT at which the compression occurs
® "Measured Level": Output level of the DUT at which the compression occurs

Remote commands:
FETCh:CMEasurement:P1DB[:RESult]? on page 637
FETCh:CMEasurement : P3DB[:RESult]? on page 637

FETCh:CMEasurement : PNDB[:RESult]? on page 637

Power Sweep Compression Point Settings

Access: "Overview" > "Select Measurement" > "Power Sweep" > "Compr Points"

e
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Compression Points N ) P

Compression Measurement

Reference

Mode Auto Manual

ET= -30.0 dBm

Select Compression Points

1 dB Compression

3 dB Compression

. 5.0 dB Compression

General power sweep settings are described in "Power Sweep Settings" on page 295.

Compression Measurement State..........cooviiiiiiiii e 125
Y=Y (=Y Lo U RPSORR 125
(070]a ] o r=Y15] (o] I o 1 1 - 70N 125

Compression Measurement State
Enables or disables the compression point measurement.

Remote command:
CONFigure:CMEasurement [:STATe] on page 637

Reference
Determines the reference point for the linear trace on which the deviation or compres-
sion calculation is based.

By default, the reference point is automatically set to the start level of the power sweep
(see "Level Start / Level Stop" on page 297). In manual mode, define the reference
point as required.

For details, see "Reference point" on page 122.

Remote command:
CONFigure:CMEasurement:REFerence [ :MODE] on page 635
CONFigure:CMEasurement:REFerence:VALue on page 634

Compression Points

Selects which compression points to calculate. For the user-defined compression
point, define the distance from the linear trace to the reference trace to base the calcu-
lation on. For details, see Chapter 7.2.3.1, "About the Power Sweep Compression
Point Measurement", on page 121.

|
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Measurements and Results

Remote command:

Enable calculation:
CONFigure:CMEasurement:RESult:P1DB[:STAT] on page 635
CONFigure:CMEasurement:RESult:P3DB[:STAT] on page 636
CONFigure:CMEasurement :RESult:PNDB[:STAT] on page 636
CONFigure:CMEasurement :RESult:CVALue on page 635
Query results:

FETCh:CMEasurement:P1DB[:RESult]? on page 637
FETCh:CMEasurement : P3DB[:RESult]? on page 637
FETCh:CMEasurement:PNDB[:RESult]? on page 637

How to Determine Compression Points

The following step-by-step instructions demonstrate how to determine the compression
point of an amplifier.

To configure the internal generator for a power sweep measurement

Before you connect your DUT to the R&S FPL1000, perform a reference power sweep
measurement with the internal generator.

1. Press the [MEAS] key or select "Select Measurement" in the "Overview".
Select the "Power Sweep" measurement function.

2

3. Select "GEN Config".
4. Setthe "State" to "On".
5

Define the output power range to be provided to the DUT by the generator as the
"Level Start" and "Level Stop".

o

Connect your DUT to the R&S FPL1000.

7. Perform a new measurement.

The input power vs. the output power of the DUT are displayed.
8. If the power sweep shows a constant deviation to the trace without the DUT due to
cable loss or similar, define a "Level Offset" in the "Internal Generator" settings.
To configure the compression point measurement
1. Select "Compr Points".
2. In the "Compression Points" dialog box, select the compression levels to calculate.
3. Set the "Compression Measurement" state to "On."

The power levels of the DUT input and the DUT output are indicated in the power
sweep diagram. The power levels at which the selected compression occurs are
indicated in the result summary.
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7.2.4 Channel Power and Adjacent-Channel Power (ACLR) Measurement

Measuring the power in channels adjacent to the carrier or transmission channel is
useful to detect interference. The results are displayed as a bar chart for the individual

channels.

o About Channel Power MeasurementS........ocooeevuuieeieeiieiiiiieeeeeeeee e 127
o  Channel POWEr RESUILS........couuieiieeeeeee et et e e 128
@ Channel POWEN BaSICS......ciiiieiiiieie ettt e e 129
o Channel Power Configuration............cooiiiiiiiiiiiee e 133
e How to Perform Channel Power Measurements..........ccuueeieviieeieeeeceeeeveiee e, 141
o  Measurement EXampIEs.......uu e uiciiiie i 144
e Optimizing and Troubleshooting the Measurement.............cccccoviiieeeeeeeeeeeieccccnnns 147
e Reference: Predefined CP/ACLR Standards.........cccooeevviiiiiiiiiiiiiiieeeeeeeeeiceee e, 148

7.2.41 About Channel Power Measurements

Measuring channel power and adjacent channel power is one of the most important
tasks during signal analysis with the necessary test routines in the field of digital trans-
mission. Theoretically, a power meter could be used to measure channel power at
highest accuracy. However, its low selectivity means that it is not suitable for measur-
ing adjacent channel power as an absolute value or relative to the transmit channel
power. Only a selective power meter can measure the power in the adjacent channels.

A signal analyzer cannot be classified as a true power meter, because it displays the IF
envelope voltage. However, it is calibrated such as to display the power of a pure sine
wave signal correctly, irrespective of the selected detector. This calibration cannot be
applied for non-sinusoidal signals. Assuming that the digitally modulated signal has a
Gaussian amplitude distribution, the signal power within the selected resolution band-
width can be obtained using correction factors. The internal power measurement rou-
tines in a signal analyzer normally use these correction factors to determine the signal
power from IF envelope measurements. These factors apply if and only if the assump-
tion of a Gaussian amplitude distribution is correct.

Apart from this common method, the R&S FPL1000 also has a true power detector, i.e.
an RMS detector. It displays the power of the test signal within the selected resolution
bandwidth correctly, irrespective of the amplitude distribution, without additional correc-
tion factors being required.

The R&S FPL1000 software allows you to perform ACLR measurements on input con-
taining multiple signals for different communication standards. A measurement stan-
dard is provided that allows you to define multiple discontiguous transmit channels at
specified frequencies, independent from the selected center frequency. The ACLR
measurement determines the power levels of the individual transmit, adjacent, and gap
channels, as well as the total power for each sub block of transmit channels.

A detailed measurement example is provided in Chapter 7.2.4.6, "Measurement Exam-
ples", on page 144.
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7.2.4.2 Channel Power Results

For channel or adjacent-channel power measurements, the individual channels are
indicated by different colored bars in the diagram. The height of each bar corresponds
to the measured power of that channel. In addition, the name of the channel ("Adj", "Alt
%1", "Tx %1", etc., or a user-defined name) is indicated above the bar (separated by a
line which has no further meaning).

MultiView Spectrum

Ref Level
Att
1 ACLR

1001 pts 419.0 kHz/ Span 4,19 MHz

2 Result Summary CDMA 2000
Char i Offset Power
( g -0.54 dBm
-0.54 dBm
Bandwidth Offset Lower Upper
00 7 kHz -82.632 dBc -81.48 dBc
H -87.64 dBc -87.02 dBc

Results are provided for the TX channel and the number of defined adjacent channels
above and below the TX channel. If more than one TX channel is defined, you must
specify the channel to which the relative adjacent-channel power values refer. By
default, it is the TX channel with the maximum power.

Table 7-9: Measurements performed depending on the number of adjacent channels

Number | Measurement results
of adj.
chan.
0 Channel powers
1 ®  Channel powers
®  Power of the upper and lower adjacent channel
2 ®  Channel powers
®  Power of the upper and lower adjacent channel
®  Power of the next higher and lower channel (alternate channel 1)
3 ®  Channel powers
®  Power of the upper and lower adjacent channel
®  Power of the next higher and lower channel (alternate channel 1)
®  Power of the second next higher and lower adjacent channel (alternate channel 2)
12 ®  Channel powers
®  Power of the upper and lower adjacent channel
®  Power of all the higher and lower channels (alternate channels 1 to 11)

|
User Manual 1178.3370.02 — 09 128



Measurements and Results

In the R&S FPL1000 display, only the first neighboring channel of the carrier (TX)
channel is labeled "Adj" (adjacent) channel; all others are labeled "Alt" (alternate)
channels. In this manual, "Adjacent" refers to both adjacent and alternate channels.

7.243

The measured power values for the TX and adjacent channels are also output as a
table in the Result Summary window. Which powers are measured depends on the
number of configured channels.

For each channel, the following values are displayed:

Label Description

Channel Channel name as specified in the "Channel Settings" (see "Channel Names"
on page 141).

Bandwidth Configured channel bandwidth (see "Channel Bandwidth" on page 139)

Offset Offset of the channel to the TX channel (configured channel spacing, see "Channel
Bandwidth" on page 139)

Power The measured power values for the TX and lower and upper adjacent channels. The
powers of the transmission channels are output in dBm or dBm/Hz, or in dBc, relative

L /U
(Lower/Upper) to the specified reference TX channel.

Retrieving Results via Remote Control

All or specific channel power measurement results can be retrieved using the
CALC:MARK:FUNC: POW:RES? command from a remote computer (see
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult? on page 630).
Alternatively, the results can be output as channel power density, i.e. in reference to
the measurement bandwidth.

Furthermore, the measured power values of the displayed trace can be retrieved as
usual using the TRAC: DATA? commands (see TRACe<n> [ : DATA] on page 832). In
this case, the measured power value for each sweep point (by default 1001) is
returned.

For a full list of remote commands for ACLR measurements, see Chapter 11.6.4.7,
"Retrieving and Analyzing Measurement Results", on page 653.

Channel Power Basics

Some background knowledge on basic terms and principles used in channel power
measurements is provided here for a better understanding of the required configuration
settings.

e Recommended Common Measurement Parameters.............eevvvveieeiieeiieeieiiieeeeees 129

Recommended Common Measurement Parameters

The following sections provide recommendations on the most important measurement
parameters for channel power measurements.
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All instrument settings for the selected channel setup (channel bandwidth, channel
spacing) can be optimized automatically using the "Adjust Settings" function (see "Opti-
mized Settings (Adjust Settings)" on page 138).

The easiest way to configure a measurement is using the configuration "Overview",

see Chapter 7.1, "Configuration Overview", on page 94.
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Sweep Time

The "Sweep Time" is selected depending on the desired reproducibility of results.
Reproducibility increases with "Sweep Time" since power measurement is then per-
formed over a longer time period. As a general approach, approximately 500 non-cor-
related measured values are required for a reproducibility of 0.5 dB. (That means:

95 % of the measurements are within 0.5 dB of the true measured value). Approxi-
mately 5000 measured values are required for a reproducibility of 0.1 dB (99 %).
These values are valid for white noise. The measured values are considered as non-
correlated if their time interval corresponds to the reciprocal of the measured band-
width.

The number of A/D converter values, N, used to calculate the power, is defined by the
"Sweep Time". The time per trace pixel for power measurements is directly propor-
tional to the selected "Sweep Time".

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

If the RMS detector is used, the selection of "Sweep Time"s can affect the repeatability
of the measurement results. Repeatability is increased at longer "Sweep Time"s.

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

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

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

Ngecorr = SWT * RBW
(Ngecorr means uncorrelated samples)

The number of uncorrelated samples per trace pixel is obtained by dividing Ngecor bY
1001 (= pixels per trace).
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The "Sweep Time" can be defined using the softkey in the "Ch Power" menu or in the
"Sweep" configuration dialog box (see "Sweep Time" on page 138).

Frequency Span

The frequency span must cover at least the channels to be measured plus a measure-
ment margin of approximately 10 %.

If the frequency span is large in comparison to the channel bandwidth (or the adjacent-
channel bandwidths) being analyzed, only a few points on the trace are available per
channel. The calculated waveform for the used channel filter is less accurate, which
has a negative effect on the measurement accuracy. It is therefore strongly recommen-
ded that you consider the described formulas when you select the frequency span.

The frequency span for the defined channel settings can be optimized. Use the "Adjust
Settings" function in the "Ch Power" menu or the "General Settings" tab of the "ACLR
Setup" dialog box (see "Optimized Settings (Adjust Settings)" on page 138). You can
set the frequency span manually in the "Frequency" configuration dialog box.

(See Chapter 7.4.4, "How To Define the Frequency Range", on page 307.)

For channel power measurements the "Adjust Settings" function sets the frequency
span as follows:

"(No. of transmission channels — 1) x transmission channel spacing + 2 x transmission
channel bandwidth + measurement margin"

For adjacent-channel power measurements, the "Adjust Settings" function sets the fre-
quency span as a function of the following parameters:

® Number of transmission channels
® Transmission channel spacing
® Adjacent-channel spacing

® Bandwidth of one of adjacent-channels ADJ, ALT1 or ALT2, whichever is furthest
away from the transmission channels

"(No. of transmission channels — 1) * (transmission channel spacing + 2) * (adjacent-
channel spacing + adjacent-channel bandwidth) + measurement margin"

The measurement margin is approximately 10 % of the value obtained by adding the
channel spacing and the channel bandwidth.

Resolution Bandwidth (RBW)

It is important to suppress spectral components outside the channel to be measured,
especially of the adjacent channels. At the same time, you expect an acceptable mea-
surement speed. To fulfill both these requirements, the appropriate resolution band-
width is essential. As a general approach, set the resolution bandwidth to values
between 1 % and 4 % of the channel bandwidth.

If the spectrum within the channel to be measured and the spectrum around the chan-
nel has a flat characteristic, you can select a larger resolution bandwidth. In the stan-
dard setting, e.g. for standard IS95A REV at an adjacent channel bandwidth of 30 kHz,
a resolution bandwidth of 30 kHz is used. This yields correct results since the spectrum
near the adjacent channels normally has a constant level.

User Manual 1178.3370.02 — 09 131



R&S®FPL1000 The Spectrum Application (RF Measurements)

You can optimize the resolution bandwidth for the defined channel settings. Use the
"Adjust Settings" function in the "Ch Power" menu or the "General Settings" tab of the
"ACLR Setup" dialog box (see "Optimized Settings (Adjust Settings)" on page 138).
You can set the RBW manually in the "Bandwidth" configuration dialog box, see "RBW"
on page 266.

Except for the IS95 CDMA standards, the "Adjust Settings" function sets the resolution
bandwidth (RBW) as a function of the channel bandwidth:

"RBW" = 1/40 of "Channel Bandwidth"

The maximum resolution bandwidth (concerning the requirement RBW < 1/40) result-
ing from the available RBW steps (1, 3) is selected.

Video Bandwidth (VBW)

For a correct power measurement, the video signal must not be limited in bandwidth. A
restricted bandwidth of the logarithmic video signal causes signal averaging and thus
results in a too low indication of the power (-2.51 dB at very low video bandwidths).
Thus, select the video bandwidth at least three times the resolution bandwidth:

VBW 23 * RBW

For FFT sweeps, instead of increasing the VBW, you can also select the trace average
mode "Power" to ensure correct power measurements (see "Average Mode"

on page 395). Note that in power measurements this setting affects the VBW regard-
less of whether or not a trace is actually averaged.

The video bandwidth for the defined channel settings can be optimized. Use the
"Adjust Settings" function in the "Ch Power" menu or the "General Settings" tab of the
"ACLR Setup" dialog box (see "Optimized Settings (Adjust Settings)" on page 138).
You can set the VBW manually in the "Bandwidth" configuration dialog box, see "VBW"
on page 324.

The video bandwidth (VBW) is set as a function of the channel bandwidth (see formula
above) and the smallest possible VBW with regard to the available step size is
selected.

Detector

The RMS detector correctly indicates the power irrespective of the characteristics of
the signal to be measured. The whole IF envelope is used to calculate the power for
each measurement point. The IF envelope is digitized using a sampling frequency
which is at least five times the resolution bandwidth which has been selected. Based
on the sample values, the power is calculated for each measurement point using the
following formula:

P, .= L isz
RMS N P i

Where:
s; = linear digitized video voltage at the output of the A/D converter

N = number of A/D converter values per measurement point
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Prus = power represented by a measurement point

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

In principle, the sample detector would be possible as well. Due to the limited number
of measurement points used to calculate the power in the channel, the sample detector
would yield less stable results.

The RMS detector can be set for the defined channel settings automatically. Use the
"Adjust Settings" function in the "Ch Power" menu or the "General Settings" tab of the
"ACLR Setup" dialog box (see "Optimized Settings (Adjust Settings)" on page 138).
You can set the detector manually in the "Traces" configuration dialog box, see "Detec-
tor" on page 394.

Trace Averaging

Avoid averaging, which is often performed to stabilize the measurement results but
leads to a level indication that is too low. The reduction in the displayed power depends
on the number of averages and the signal characteristics in the channel to be mea-
sured.

The "Adjust Settings" function switches off trace averaging. You can deactivate the
trace averaging manually in the "Traces" configuration dialog box, see "Average Mode"
on page 395.

Reference Level

To achieve an optimum dynamic range, set the reference level so that the signal is as
close to the reference level as possible without forcing an overload message. However,
if the signal-to-noise ratio becomes too small, the dynamic range is also limited. The
measurement bandwidth for channel power measurements is significantly smaller than
the signal bandwidth. Thus, the signal path can be overloaded although the trace is still
significantly below the reference level.

reference level. The reference level can be set automatically using the "Auto Level"

6 Selecting a predefined standard or automatically adjusting settings does not affect the
function in the [Auto Set] menu, or manually in the "Amplitude" menu.

7.2.4.4 Channel Power Configuration
Access: "Overview" > "Select Measurement" > "Channel Power ACLR" > "CP / ACLR
Config"

Both Channel Power (CP) and Adjacent-Channel Power (ACLR) measurements are
available.
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ACLR Setup

General Settings Channel Settings

Standard Channel Court

None Tx [l

Manage User Standards

Reference Channel Max Power Tx Channel ACLPR. Mode Abs

Power Mode = CLRW  Max Hold

Set CP Reference Adjust Settings

The remote commands required to perform these tasks are described in Chap-
ter 11.6.4, "Measuring the Channel Power and ACLR", on page 638.

e General CP/ACLR Measurement Settings.....ccccoeveeiiiiiiiiiiiiieeeeeen, 134
@ Channel SEIUP.....coc e a e e e e e e e e e e e aeaees 138

General CP/ACLR Measurement Settings

General measurement settings are defined in the "ACLR Setup" dialog, in the "General

Settings" tab.
] e= [0 £= T o PO PP PR 135
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Number of channels: TX, Adj.....cooi oot e s 136
Reference Channel.. ... e 136
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Absolute and Relative Values (ACLR MOdE).........cuiiiiiiiiiiiiiiiieie e 137
Channel power level and density (Power Unit).......cccuviiiieeeieeee e 137
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Setting a fixed reference for Channel Power measurements (Set CP Reference)..... 137
Optimized Settings (Adjust SEttiNgS)....cevvueiiiiiiicccccecie e 138
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Standard

The main measurement settings can be stored as a standard file. When such a stan-
dard is loaded, the required channel and general measurement settings are automati-
cally set on the R&S FPL1000. However, the settings can be changed. Predefined
standards are available for standard measurements, but standard files with user-
defined configurations can also be created.

Predefined Standards — Standard

Predefined standards contain the main measurement settings for standard measure-
ments. When such a standard is loaded, the required channel settings are automati-
cally set on the R&S FPL1000. However, you can change the settings.

The predefined standards contain the following settings:

Channel bandwidths

Channel spacings

Detector

Trace Average setting

Resolution Bandwidth (RBW)

Weighting Filter

For details on the available standards, see Chapter 7.2.4.8, "Reference: Predefined
CP/ACLR Standards", on page 148.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:PRESet on page 639

User Standards — Standard
Access: "CP / ACLR Config" > "General Settings" tab > "Manage User Standards"

In addition to the predefined standards, you can save your own standards with your
specific measurement settings in an XML file so you can use them again later. User-
defined standards are stored on the instrument in the
C:\ProgramData\Rohde-Schwarz\ZNL-FPL\acp_ std directory.

Note: User standards created on an analyzer of the R&S FSP family are compatible to
the R&S FPL1000. User standards created on an R&S FPL1000, however, are not
necessarily compatible to the analyzers of the R&S FSP family and may not work
there.

The following parameter definitions are saved in a user-defined standard:
® Number of adjacent channels

® Channel bandwidth of transmission (Tx), adjacent (Adj) and alternate (Alt) chan-
nels

Channel spacings

Weighting filters

Resolution bandwidth

Video bandwidth

Detector

ACLR limits and their state

"Sweep Time" and "Sweep Time" coupling

Trace and power mode

Save the current measurement settings as a user-defined standard, load a stored mea-
surement configuration, or delete an existing configuration file.
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For details see "How to Manage User-Defined Configurations" on page 143.

Remote command:

To query all available standards:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:STANdard:CATalog?
on page 639

To load a standard:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:PRESet on page 639
To save a standard:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:STANdard:SAVE

on page 640

To delete a standard:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:STANdard:DELete
on page 640

Number of channels: Tx, Adj
Up to 18 carrier channels and up to 12 adjacent channels can be defined.

Results are provided for the Tx channel and the number of defined adjacent channels
above and below the Tx channel. If more than one Tx channel is defined, the carrier
channel to which the relative adjacent-channel power values should be referenced
must be defined (see "Reference Channel" on page 136).

Note: If several carriers (Tx channels) are activated for the measurement, the number
of sweep points is increased to ensure that adjacent-channel powers are measured
with adequate accuracy.

For more information on how the number of channels affects the measured powers,
see Chapter 7.2.4.2, "Channel Power Results", on page 128.

Remote command:

Number of Tx channels:

[SENSe: ] POWer:ACHannel : TXCHannel : COUNt on page 643
Number of Adjacent channels:

[SENSe: ] POWer:ACHannel : ACPairs on page 641

Reference Channel

The measured power values in the adjacent channels can be displayed relative to the
transmission channel. If more than one Tx channel is defined, define which one is used
as a reference channel.

Tx Channel 1 Transmission channel 1 is used.

Min Power Tx Channel | The transmission channel with the lowest power is used as a reference channel.

Max Power Tx Chan- | The transmission channel with the highest power is used as a reference channel

nel (Default).
Lowest & Highest The outer left-hand transmission channel is the reference channel for the lower
Channel adjacent channels, the outer right-hand transmission channel that for the upper

adjacent channels.

Remote command:
[SENSe: ] POWer:ACHannel :REFerence: TXCHannel :MANual on page 646
[SENSe: ] POWer:ACHannel :REFerence: TXCHannel : AUTO on page 646
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Selected Trace
The CP/ACLR measurement can be performed on any active trace.

Remote command:
[SENSe: ] POWer: TRACe on page 633

Absolute and Relative Values (ACLR Mode)
The powers of the adjacent channels are output in dBm or dBm/Hz (absolute values),
or in dBc, relative to the specified reference Tx channel.

"Abs" The absolute power in the adjacent channels is displayed in the unit
of the y-axis, e.g. in dBm, dBuV.

"Rel" The level of the adjacent channels is displayed relative to the level of
the transmission channel in dBc.

Remote command:
[SENSe: ] POWer:ACHannel :MODE on page 653

Channel power level and density (Power Unit)

By default, the channel power is displayed in absolute values. If "/Hz" is activated, the
channel power density is displayed instead. Thus, the absolute unit of the channel
power is switched from dBm to dBm/Hz.

Note: The channel power density in dBm/Hz corresponds to the power inside a band-
width of 1 Hz and is calculated as follows:
"channel power density = channel power — logo(channel bandwidth)"

Thus you can measure the signal/noise power density, for example, or use the addi-
tional functions Absolute and Relative Values (ACLR Mode) and Reference Channel to
obtain the signal to noise ratio.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult:PHZ on page 653

Power Mode

The measured power values can be displayed directly for each trace ("Clear/ Write"),
or only the maximum values over a series of measurements can be displayed ("Max
Hold"). In the latter case, the power values are calculated from the current trace and
compared with the previous power value using a maximum algorithm. The higher value
is retained. If "Max Hold" mode is activated, "Pwr Max" is indicated in the table header.
Note that the trace mode remains unaffected by this setting.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:MODE on page 630

Setting a fixed reference for Channel Power measurements (Set CP Reference)
If only one Tx channel and no adjacent channels are defined, the currently measured
channel power can be used as a fixed reference value for subsequent channel power
measurements.

When you select this button, the channel power currently measured on the Tx channel
is stored as a fixed reference power. In the following channel power measurements,
the power is indicated relative to the fixed reference power. The reference value is dis-
played in the "Reference" field (in relative ACLR mode); the default value is 0 dBm.
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Note: In adjacent-channel power measurement, the power is always referenced to a
transmission channel (see "Reference Channel" on page 136), thus, this function is not
available.

Remote command:
[SENSe: ] POWer:ACHannel :REFerence:AUTO ONCE on page 646

Optimized Settings (Adjust Settings)
All instrument settings for the selected channel setup (channel bandwidth, channel
spacing) can be optimized automatically.

The adjustment is carried out only once. If necessary, the instrument settings can be
changed later.

The following settings are optimized by "Adjust Settings":
® "Frequency Span" on page 131

"Resolution Bandwidth (RBW)" on page 131

"Video Bandwidth (VBW)" on page 132

"Detector" on page 132
"Trace Averaging" on page 133

Remote command:
[SENSe: ] POWer:ACHannel : PRESet on page 633

Sweep Time

With the RMS detector, a longer "Sweep Time" increases the stability of the measure-
ment results. For recommendations on setting this parameter, see "Sweep Time"

on page 130.

The "Sweep Time" can be set via the softkey in the "Ch Power" menu and is identical
to the general setting in the "Sweep" configuration dialog box.

Remote command:
[SENSe: ] SWEep:TIME on page 775

Channel Setup

The "Channel Settings" tab in the "ACLR Setup" dialog box provides all the channel
settings to configure the channel power or ACLR measurement. You can define the
channel settings for all channels, independent of the defined number of used Tx or

adjacent channels (see "Number of channels: Tx, Adj" on page 136).

For details on setting up channels, see "How to Set Up the Channels" on page 142.

In addition to the specific channel settings, the general settings "Standard"
on page 135 and "Number of channels: Tx, Adj" on page 136 are also available in this
tab.

The following settings are available in individual subtabs of the "Channel Settings" tab.
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Channel Bandwidth
ACLR Setup

General Settings  Channel Settings

EUTRA/LTE Square Tx [

Manage User Standards Adj 4

Bandwidths Spacing Limits Weighting Filters Names

t Char

9.015 MHz 9.015 MHz

9.015 MHz 9.015 MHz

9.015 MHz 9.015 MHz

9.015 MHz 9.015 MHz

9.015 MHz 9.015 MHz

9.015 MHz 9.015 MHz

9.015 MHz 9.015 MHz

The Tx channel bandwidth is normally defined by the transmission standard.

The correct bandwidth is set automatically for the selected standard. The bandwidth for
each channel is indicated by a colored bar in the display.

The value entered for any Tx channel is automatically also defined for all subsequent
Tx channels. Thus, only enter one value if all Tx channels have the same bandwidth.

The value entered for any ADJ or ALT channel is automatically also defined for all
alternate (ALT) channels. Thus, only enter one value if all adjacent channels have the
same bandwidth.

Remote command:

[SENSe: ] POWer:ACHannel : BANDwidth [:CHANnel<ch>] on page 641
[SENSe: ] POWer:ACHannel : BANDwidth:ACHannel on page 641
[SENSe: ] POWer:ACHannel :BANDwidth:ALTernate<ch> on page 641

Channel Spacings
Channel spacings are normally defined by the transmission standard but can be
changed.
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If the spacings are not equal, the channel distribution in relation to the center frequency

is as follows:
Odd number of Tx channels The middle Tx channel is centered to center frequency.
Even number of Tx channels The two Tx channels in the middle are used to calculate the fre-

quency between those two channels. This frequency is aligned to
the center frequency.

The spacings between all Tx channels can be defined individually. When you change
the spacing for one channel, the value is automatically also defined for all subsequent
Tx channels. This allows you to set up a system with equal Tx channel spacing quickly.
For different spacings, set up the channels from top to bottom.

Tx1-2 Spacing between the first and the second carrier

Tx2-3 Spacing between the second and the third carrier

If you change the adjacent-channel spacing (ADJ), all higher adjacent channel spac-
ings (ALT1, ALT2, ...) are multiplied by the same factor (new spacing value/old spacing
value). Again, only enter one value for equal channel spacing. For different spacing,
configure the spacings from top to bottom.

For details, see "How to Set Up the Channels" on page 142

Remote command:

[SENSe: ] POWer:ACHannel : SPACing:CHANnel<ch> on page 643
[SENSe: ] POWer:ACHannel :SPACing[:ACHannel] on page 642
[SENSe: ] POWer:ACHannel : SPACing:ALTernate<ch> on page 643

Limit Check

During an ACLR measurement, the power values can be checked whether they
exceed user-defined or standard-defined limits. A relative or absolute limit can be
defined, or both. Both limit types are considered, regardless whether the measured lev-
els are absolute or relative values. The check of both limit values can be activated
independently. If any active limit value is exceeded, the measured value is displayed in
red and marked by a preceding asterisk in the result table.

o

The results of the power limit checks are also indicated in the STAT: QUES : ACPL sta-
tus registry (see "STATus:QUEStionable:ACPLimit Register" on page 567).

Remote command:

CALCulate<n>:LIMit<1i>:ACPower[:STATe] on page 652
CALCulate<n>:LIMit<li>:ACPower:ACHannel:ABSolute:STATe on page 648
CALCulate<n>:LIMit<1li>:ACPower:ACHannel:ABSolute on page 647
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CALCulate<n>:LIMit<li>:ACPower:ACHannel[:RELative] :STATe

on page 649

CALCulate<n>:LIMit<li>:ACPower:ACHannel [:RELative] on page 648
CALCulate<n>:LIMit<li>:ACPower:ALTernate<ch>:ABSolute:STATe
on page 650
CALCulate<n>:LIMit<li>:ACPower:ALTernate<ch>:ABSolute on page 649
CALCulate<n>:LIMit<li>:ACPower:ALTernate<ch>[:RELative] :STATe
on page 652
CALCulate<n>:LIMit<li>:ACPower:ALTernate<ch>[:RELative]

on page 650

CALCulate<n>:LIMit<li>:ACPower:ACHannel:RESult? on page 648

Weighting Filters

Weighting filters allow you to determine the influence of individual channels on the total
measurement result. For each channel you can activate or deactivate the use of the
weighting filter and define an individual weighting factor ("Alpha:" value).

Weighting filters are not available for all supported standards and cannot always be
defined manually where they are available.

Remote command:

Activating/Deactivating:

[SENSe: ] POWer:ACHannel :FILTer [:STATe] : CHANnel<ch> on page 645
[SENSe: ] POWer:ACHannel :FILTer [:STATe] : ACHannel on page 645
[SENSe: ] POWer:ACHannel :FILTer [:STATe] :ALTernate<ch> on page 645
Alpha value:

[SENSe: ] POWer:ACHannel :FILTer:ALPHa:CHANnel<ch> on page 645
[SENSe: ] POWer:ACHannel :FILTer:ALPHa:ACHannel on page 644
[SENSe: ] POWer:ACHannel :FILTer:ALPHa:ALTernate<ch> on page 644

Channel Names

In the R&S FPL1000's display, carrier channels are labeled "Tx" by default; the first
neighboring channel is labeled "Adj" (adjacent) channel; all others are labeled "Alt"
(alternate) channels. You can define user-specific channel names for each channel
which are displayed in the result diagram and result table.

Remote command:

[SENSe: ] POWer:ACHannel : NAME : ACHannel on page 642
[SENSe: ] POWer:ACHannel :NAME: ALTernate<ch> on page 642
[SENSe: ] POWer:ACHannel : NAME : CHANnel<ch> on page 642

How to Perform Channel Power Measurements

The following step-by-step instructions demonstrate the most common tasks when per-
forming channel power measurements.

@

For remote operation, see Chapter 11.6.4.8, "Programming Examples for Channel
Power Measurements", on page 654.
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How to Perform a Standard Channel Power Measurement

Performing a channel power or ACLR measurement according to common standards is
a very easy and straightforward task with the R&S FPL1000.

1. Press the [MEAS] key or select "Select Measurement” in the "Overview".

2. Select "Channel Power ACLR".

The measurement is started immediately with the default settings.
3. Select the "CP / ACLR Standard" softkey.

4. Select a standard from the list.

The measurement is restarted with the predefined settings for the selected stan-
dard.

5. If necessary, edit the settings for your specific measurement as described in "How
to Set Up the Channels" on page 142, or load a user-defined configuration (see
"To load a user-defined configuration" on page 144).

How to Set Up the Channels

Channel definition is the basis for measuring power levels in certain frequency ranges.
Usually, the power levels in one or more carrier (Tx) channels and possibly the adja-
cent channels are of interest. Up to 18 carrier channels and up to 12 adjacent channels
can be defined.

When a measurement standard is selected, all settings including the channel band-
widths and channel spacings are set according to the selected standard. Select a stan-
dard in the "Ch Power" menu or the "ACLR Setup" dialog box. You can adjust the set-
tings afterwards.

Channel setup consists of the following settings:

® The number of transmission (Tx) and adjacent channels

® The bandwidth of each channel

® For multicarrier ACLR measurements: which Tx channel is used as a reference

® The spacing between the individual channels

® Optionally: the names of the channels displayed in the diagram and result table

® Optionally: the influence of individual channels on the total measurement result
("Weighting Filter")

® Optionally: limits for a limit check on the measured power levels

Changes to an existing standard can be stored as a user-defined standard, see "How
to Manage User-Defined Configurations" on page 143.




Measurements and Results

» To configure the channels in the "Ch Power" dialog box, select "Ch Power" > "CP /
ACLR Config" > "Channel Settings" tab.

In the "Channel Setup" dialog box, you can define the channel settings for all channels,
independent of the defined number of used Tx or adjacent channels.

To define channel spacings
Channel spacings are normally defined by the selected standard but can be changed.

» In the "Channel Settings" tab of the "ACLR Setup" dialog box, select the "Spacing"
subtab.
The value entered for any Tx channel is automatically also defined for all subse-
quent Tx channels. Thus, only enter one value if all Tx channels have the same
spacing.
If the channel spacing for the adjacent or an alternate channel is changed, all
higher alternate channel spacings are multiplied by the same factor (new spacing
value/old spacing value). The lower adjacent-channel spacings remain unchanged.
Only enter one value for equal channel spacing.

Example: Defining channel spacing

In the default setting, the adjacent channels have the following spacing: 20 kHz
("ADJ"), 40 kHz ("ALT1"), 60 kHz ("ALT2"), 80 kHz ("ALT3"), 100 kHz ("ALT4"), ...

Set the spacing of the first adjacent channel ("ADJ") to 40 kHz. For all other adjacent
channels, the spacing is multiplied by factor 2: 80 kHz ("ALT1"), 120 kHz ("ALT2"), 160
kHz ("ALT3"), ...

Starting from the default setting, set the spacing of the fifth adjacent channel ("ALT4")
to 150 kHz. For all higher adjacent channels, the spacing is multiplied by factor 1.5:
180 kHz ("ALT5"), 210 kHz ("ALT6"), 240 kHz ("ALT7"), ...

How to Manage User-Defined Configurations

You can define measurement configurations independently of a predefined standard
and save the current ACLR configuration as a "user standard" in an XML file. You can
then load the file and thus the settings again later.

User-defined standards are not supported for multicarrier ACLR measurements.

Compatibility to R&S FSP

User standards created on an analyzer of the R&S FSP family are compatible to the
R&S FPL1000. User standards created on an R&S FPL1000, however, are not neces-
sarily compatible to the analyzers of the R&S FSP family and may not work there.

To store a user-defined configuration

1. In the "Ch Power" menu, select the "CP / ACLR Config" softkey to display the
"ACLR Setup" dialog box.
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Configure the measurement as required (see also "How to Set Up the Channels"
on page 142).
In the "General Settings" tab, select the "Manage User Standards" button to display

the "Manage" dialog box.

Define a filename and storage location for the user standard.

By default, the XML file is stored in
C:\ProgramData\Rohde-Schwarz\ZNL-FPL\acp_ std\. However, you can
define any other storage location.

Select "Save".

To load a user-defined configuration

1.

In the "General Settings" tab of the "ACLR Setup" dialog box, select the "Manage
User Standards" button to display the "Manage" dialog box.

Select the user standard file.
Select "Load".

The stored settings are automatically set on the R&S FPL1000 and the measure-
ment is restarted with the new parameters.

How to Compare the Tx Channel Power in Successive Measurements

For power measurements with only one Tx channel and no adjacent channels, you can
define a fixed reference power and compare subsequent measurement results to the
stored reference power.

1.

Configure a measurement with only one Tx channel and no adjacent channels (see
also "How to Set Up the Channels" on page 142).

In the "ACLR Setup" dialog box, select the "Set CP Reference" button.

The channel power currently measured on the Tx channel is stored as a fixed ref-
erence power. The reference value is displayed in the "Reference" field of the
result table (in relative ACLR mode).

Start a new measurement.

The resulting power is indicated relative to the fixed reference power.
Repeat this for any number of measurements.

To start a new measurement without the fixed reference, temporarily define a sec-
ond channel or preset the instrument.

Measurement Examples

The R&S FPL1000 has test routines for simple channel and adjacent channel power
measurements. These routines give quick results without any complex or tedious set-
ting procedures.
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ment is provided in Chapter 11.6.4.8, "Programming Examples for Channel Power

@ A programming example demonstrating an ACLR measurement in a remote environ-

Measurements", on page 654.

e Measurement Example 2 — Measuring Adjacent Channel Power of a W-CDMA

Uplink Signal

e Measurement Example 3 — Measuring the Intrinsic Noise of the R&S FPL1000 with

the Channel Power Function

Measurement Example 2 — Measuring Adjacent Channel Power of a W-CDMA

Uplink Signal
Test setup:
Signal »| Signal
Generator Analyzer

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

Frequency: 1950 MHz

Level: 4 dBm

Modulation: 3GPP W-CDMA Reverse Link
Procedure:

Preset the R&S FPL1000.
Set the center frequency to 1950 MHz.

Select the "Channel Power ACLR" measurement function from the "Select Mea-
surement" dialog box.

Set the "W-CDMA 3GPP REV" standard for adjacent channel power measurement
in the "ACLR Setup" dialog box.

The R&S FPL1000 sets the channel configuration to the W-CDMA standard for
mobiles with two adjacent channels above and below the transmit channel. The
frequency span, the resolution and video bandwidth and the detector are automati-
cally set to the correct values. The spectrum is displayed in the upper window and
the channel power, the level ratios of the adjacent channel powers and the channel
configuration in the lower window. The individual channels are displayed as bars in
the graph.

Set the optimal reference level and RF attenuation for the applied signal level using
the "Auto Level" function.
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The R&S FPL1000 sets the optimum RF attenuation and the reference level for the
power in the transmission channel to obtain the maximum dynamic range. The fol-
lowing figure shows the result of the measurement.

MultiView =2 Spectrum

Ref Level 1 30 SGL
e Att dB 8 ~70 ) 300 Mode Auto FFT
1 ACLR e 1Rm Clrw

CF 1,95 GHz 1001 pts 2.57 MHz/ Span 25.7 MHz
2 Result Summary W-CDMA 3GPP Rev
Channel Bandwidth Offset Power
Tx 3,840 MHz 2.81 dBm
2.81 dBm
Bandwidth Offset Lower Upper
z 5 -70.48 dBc -72.36 dBc
-74.77 dBc -74.29 dBc

Figure 7-23: Measuring the relative adjacent channel power on a W-CDMA uplink signal

The R&S FPL1000 measures the power of the individual channels. A root raised
cosine filter with the parameters a = 0.22 and chip rate 3.84 Mcps (= receive filter
for W-CDMA\) is used as channel filter.

Measurement Example 3 — Measuring the Intrinsic Noise of the R&S FPL1000
with the Channel Power Function

Noise in any bandwidth can be measured with the channel power measurement func-
tions. Thus the noise power in a communication channel can be determined, for exam-
ple.

If the noise spectrum within the channel bandwidth is flat, the noise marker can be
used to determine the noise power in the channel by considering the channel band-
width. However, in the following cases, the channel power measurement method must
be used to obtain correct measurement results:

® |f phase noise and noise that normally increases towards the carrier is dominant in
the channel to be measured

® |f there are discrete spurious signals in the channel

Test setup:

» Leave the RF input of the R&S FPL1000 open-circuited or terminate it with 50 Q.
Procedure:

1. Preset the R&S FPL1000.

User Manual 1178.3370.02 — 09 146



R&S®FPL1000 The Spectrum Application (RF Measurements)

2. Set the center frequency to 7 GHz and the span to 1 MHz.

3. To obtain maximum sensitivity, set RF attenuation to 0 dB and the reference level
to -40 dBm.

4. Select the "Channel Power ACLR" measurement function from the "Select Mea-
surement" dialog box.

5. Inthe "ACLR Setup" dialog box, set up a single Tx channel with the channel band-
width 1.23 MHz.

6. Select the "Adjust Settings" softkey.
The settings for the frequency span, the bandwidth (RBW and VBW) and the
detector are automatically set to the optimum values required for the measure-
ment.

7. Stabilize the measurement result by increasing the "Sweep Time".
Set the "Sweep Time" to 1 s.

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

MultiView =2 Spectrum

Ref Level -40.00 dBm ® RBW 30 kHz SGL
® Att 0dB ® SWT 1 s ® VBW 100 kHz Mode Au
1 ACLR e 1Rm Clrw

CF 1.0 GHz 1001 pts 250.0 kHz/ Span 2.5 MHz
2 Result Summary

Ch. Bandwidth Power
1.230 MHz -94.42 dBm
-94.42 dBm

Figure 7-24: Measurement of the R&S FPL1000's intrinsic noise power in a 1.23 MHz channel
bandwidth.

7.2.4.7 Optimizing and Troubleshooting the Measurement
If the results do not meet your expectations, or if you want to minimize the measure-
ment duration, try the following methods to optimize the measurement:

® Only activate as many adjacent channels as necessary to minimize the required
span and thus the required measurement time for the measurement.
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® Increase the RBW to minimize the measurement time; however, consider the
requirements of the standard if you need to measure according to standard! The
automatic settings are always according to standard.

® Take advantage of the speed optimization mode in the "Sweep" settings if you do
not require the larger dynamic range (see "Optimization" on page 327).

® Reduce the "Sweep Time" and thus the amount of data to be captured and calcu-
lated; however, consider the requirements regarding the standard deviation.

® To improve the stability of the measured results, increase the "Sweep Time",
which also leads to more averaging steps.

® |nstead of trace averaging, use an RMS detector with a higher "Sweep Time" to
obtain better average power results in less time.

® To determine a channel power level quickly, use the Time Domain Power Mea-
surement (TDP) rather than a Channel Power measurement. The TDP measure-
ment is a zero span measurement where the sweep time determines the measure-
ment time. Due to the FFT measurement, duplicate averaging is performed, provid-
ing very stable results very quickly.
Note, however, that for TDP measurements, channel filters are not available and a
fixed RBW is used. Thus, the measurement may not be according to standard for
some test cases.

7.2.4.8 Reference: Predefined CP/ACLR Standards

When using predefined standards for ACLR measurement, the test parameters for the
channel and adjacent-channel measurements are configured automatically.

You can select a predefined standard via the "CP / ACLR Standard" softkey in the "Ch
Power" menu or the selection list in the "General Settings" tab of the "ACLR Setup"
dialog box (see "Standard" on page 135).

Table 7-10: Predefined CP / ACLR standards with remote command parameters

Standard Remote parameter
None NONE

EUTRA/LTE Square EUTRa
EUTRA/LTE Square/RRC REUTra

W-CDMA 3GPP FWD FW3Gppcdma
W-CDMA 3GPP REV RW3Gppcdma
WLAN 802.11A AWLAN

WLAN 802.11B BWLAN

RFID 14443 RFID14443
TETRA TETRa
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7.2.5 Carrier-to-Noise Measurements

7.2.51

Measures the carrier-to-noise ratio. C/No measurements normalize the ratio to a 1 Hz
bandwidth.

®  ADbOUL the MEASUIEMENT.........ceeviiiiirii ettt et e e es 149
o  Carrier-to-NOISE RESUILS...........oooeiiiiiieeeeeeeeeee et 150
o Carrier-to-Noise Configuration.............oou oo 150
e How to Determine the Carrier-to-Noise Ratio..........c.coeeveeeeiiieiiiiceieeeieeee e, 152

About the Measurement

The largest signal in the frequency span is the carrier. It is searched when the C/N or
C/N, function is activated and is marked using a fixed reference marker ("FXD").

To determine the noise power, a channel with a defined bandwidth at the defined cen-
ter frequency is analyzed. The power within this channel is integrated to obtain the
noise power level. (If the carrier is within this channel, an extra step is required to
determine the correct noise power level, see below.)

The noise power of the channel is subtracted from the maximum carrier signal level,
and in the case of a C/N, measurement, it is referred to a 1 Hz bandwidth.

For this measurement, the RMS detector is activated.

The carrier-to-noise measurements are only available in the frequency domain (span
>0).

Measurement process

Depending on whether the carrier is inside or outside the analyzed channel, the mea-
surement process for the carrier-to-noise ratio varies:

® The carrier is outside the analyzed channel: In this case, it is sufficient to switch on
the desired measurement function and to set the channel bandwidth. The carrier/
noise ratio is displayed on the screen.

® The carrier is inside the analyzed channel: In this case, the measurement must be
performed in two steps:
— First, perform the reference measurement by switching on either the C/N or the
C/Ny measurement and waiting for the end of the next measurement run. The

fixed reference marker is set to the maximum of the measured carrier signal.
— Then, switch off the carrier so that only the noise of the test setup is active in

the channel. The carrier-to-noise ratio is displayed after the subsequent mea-
surement has been completed.

Frequency Span

The frequency span should be set to approximately twice the channel bandwidth in
order to measure the carrier-to-noise ratio correctly. This setting is defined automati-
cally by the "Adjust Settings" function.
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7.2.5.2 Carrier-to-Noise Results

As a result of the carrier-to-noise measurement the evaluated bandwidth and the cal-
culated C/N ratio are displayed in the result window. The fixed reference marker is indi-
cated in the diagram.

MultiView =2 Spectrum ! %

® 1AP Clrw
MI[1] -25.87 dBm
13.2500 GHz

1

f
J | f _ .
| N R T N
CF 13.25 GHz 1001 pts — 2.65 GHz/ Span 26.5 GHz

2 Result Summary

it 14.000 kHz cMN 23.59 dBc

3 Marker Table
Tyl Ref  Trc X-Value ¥-Value Function Function Result
) 13.1971 GHz -25.87 dBm
1 13.25 GHz -25.87 dBm

Remote command:

You can also query the determined carrier-to-noise ratio via the remote command
CALC:MARK:FUNC:POW:RES? CN Or CALC:MARK:FUNC:POW:RES? CNO, see
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult? on page 630.

7.2.5.3 Carrier-to-Noise Configuration

Access: "Overview" > "Select Measurement" > "C/N"/"C/NQ" > "Carrier Noise Config"

Both a carrier-to-noise ratio (C/N) and a carrier-to-noise ratio in relation to the band-
width (C/Ny) measurement are available.

e
User Manual 1178.3370.02 — 09 150



R&S®FPL1000 The Spectrum Application (RF Measurements)

carrier Noise

C I.l"llN C ..I'IIIND

Channel Bandwidth RERIIN gv:

Adjust Settings

Carrier-to-noise measurements are not available in zero span mode.

The easiest way to configure a measurement is using the configuration "Overview",
see Chapter 7.1, "Configuration Overview", on page 94.

The remote commands required to perform these tasks are described in Chap-
ter 11.6.5, "Measuring the Carrier-to-Noise Ratio", on page 656.

/N ettt e e et e e e e e e e e et ettt ettt eet et aaeieeeeaaaaaeaeetereeererrra————————————— 151
CIN .. et e ettt et e e e e e e ettt ettt eetet e aaaeieaeeaaaaaaaaeeeeeeeeraraa———————————— 151
Channel BandWidth......... et e e ——————— 152
FNe 18 Y= 1] T 1 PRI 152
C/N

Switches the measurement of the carrier/noise ratio on or off. If no marker is active,
marker 1 is activated.

The measurement is performed on the trace that marker 1 is assigned to. To shift
marker 1 and measure another trace, use the "Marker To Trace" softkey in the
"Marker" menu (see "Assigning the Marker to a Trace" on page 263).

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:SELect on page 632
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult? on page 630
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>[:STATe] on page 632

C/NO
Switches the measurement of the carrier/noise ratio with reference to a 1 Hz bandwidth
on or off. If no marker is active, marker 1 is activated.

The measurement is performed on the trace that marker 1 is assigned to. To shift
marker 1 and measure another trace, use the "Marker To Trace" softkey in the
"Marker" menu (see "Assigning the Marker to a Trace" on page 263).

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:SELect on page 632
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult? on page 630
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>[:STATe] on page 632
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Channel Bandwidth
Defines the channel bandwidth.

The default setting is 14 kHz.

Remote command:
[SENSe:]POWer:ACHannel :BANDwidth [ :CHANnel<ch>] on page 641

Adjust Settings
Enables the RMS detector and adjusts the span to the selected channel bandwidth
according to:

"4 x channel bandwidth + measurement margin"
The adjustment is performed once; if necessary, the setting can be changed later on.

Remote command:
[SENSe: ] POWer:ACHannel : PRESet on page 633

7.2.5.4 How to Determine the Carrier-to-Noise Ratio

The following step-by-step instructions demonstrate how to determine the carrier-to-
noise ratio.

For remote operation, see "Programming example: Measuring the carrier-to-noise
ratio" on page 656.

1. Press the "C/N", "C/NQ" softkey to configure the carrier-to-noise ratio measure-
ment.

2. To change the channel bandwidth to be analyzed, press the "Channel Bandwidth"
softkey.

3. To optimize the settings for the selected channel configuration, press the "Adjust
Settings" softkey.

4. To activate the measurements without reference to the bandwidth, press the "C/N"
softkey.
To activate the measurements with reference to the bandwidth, press the "C/N,"
softkey .

5. If the carrier signal is located within the analyzed channel bandwidth, switch off the
carrier signal so that only the noise is displayed in the channel and perform a sec-
ond measurement.

The carrier-to-noise ratio is displayed after the measurement has been completed.

7.2.6 Occupied Bandwidth Measurement (OBW)

An important characteristic of a modulated signal is its occupied bandwidth, that is: the
bandwidth which must contain a defined percentage of the power. In a radio communi-
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cations system, for instance, the occupied bandwidth must be limited to enable distor-
tion-free transmission in adjacent channels.

o  About the MEaSUrEMENT..........oiiiiiicccceee e 153
®  OBW RESUILS....eietiteiie e e e e s e e e e e e e e e e e e e e e e e eeeeeeeesesearanananan 155
o  OBW CoNfigUration.........cooisiccciiiieiieeie et ee e e e e e s e e e e e e e e e e e e asnnnes 155
e How to Determine the Occupied Bandwidth..........cccuvvieeiieieiiiiiiiccieeeee e 158
e Measurement EXample.........cccuuiiiiiiiiiiie i 159

7.2.6.1 About the Measurement

The occupied bandwidth is defined as the bandwidth containing a defined percentage
of the total transmitted power. A percentage between 10 % and 99.9 % can be set.

Measurement principle

The bandwidth containing 99% of the signal power is to be determined, for example.
The algorithm first calculates the total power of all displayed points of the trace. In the
next step, the points from the right edge of the trace are summed up until 0.5 % of the
total power is reached. Auxiliary marker 1 is positioned at the corresponding frequency.
Then the points from the left edge of the trace are summed up until 0.5 % of the power
is reached. Auxiliary marker 2 is positioned at this point. 99 % of the power is now
between the two markers. The distance between the two frequency markers is the
occupied bandwidth which is displayed in the marker field.
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OBW within defined search limits - multicarrier OBW measurement in one sweep

The occupied bandwidth of the signal can also be determined within defined search
limits instead of for the entire signal. Thus, only a single sweep is required to determine
the OBW for a multicarrier signal. To do so, search limits are defined for an individual
carrier and the OBW measurement is restricted to the frequency range contained
within those limits. Then the search limits are adapted for the next carrier and the OBW
is automatically recalculated for the new range.

MultiView &2 Spectrum
Ref Level -32 dBm
Att 0dB ® SWT 2 n 3) 200 k Mode Auto FFT
1 Occupied Bandwidth e 1Rn W
M1[1] -91.58 dBm
497.4790 MHz

CF 497.5 MHz 1001 pts 5.0 MHz/ Span 50.0 MHz
2 Marker Table
Type Ref Trc X-Value ¥-Value Function Function Result

M1 497.479 MHz -91.58 dBm 4.139595977 MHz

Tl
T2

z B

For step-by-step instructions, see "How to determine the OBW for a multicarrier signal
using search limits" on page 158.

Prerequisites

To ensure correct power measurement, especially for noise signals, and to obtain the
correct occupied bandwidth, the following prerequisites and settings are necessary:

® Only the signal to be measured is displayed in the window, or search limits are
defined to include only one (carrier) signal. An additional signal would falsify the
measurement.

® RBW << occupied bandwidth (approx. 1/20 of occupied bandwidth, for voice com-
munication type: 300 Hz or 1 kHz)

* VBW 23 xRBW

® RMS detector

® Span =2 to 3 x occupied bandwidth

Some of the measurement specifications (e.g. PDC, RCR STD-27B) require measure-

ment of the occupied bandwidth using a peak detector. The detector setting of the
R&S FPL1000 has to be changed accordingly then.
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7.2.6.2 OBW Results

As a result of the OBW measurement the occupied bandwidth ("Occ Bw") is indicated
in the marker results. Furthermore, the marker at the center frequency and the tempo-
rary markers are indicated.

The measurement is performed on the trace with marker 1. In order to evaluate
another trace, marker 1 must be placed on another trace (see Assigning the Marker to
a Trace).

The OBW calculation is repeated if the Search Limits are changed, without performing
a new sweep. Thus, the OBW for a multicarrier signal can be determined using only
one sweep.

Centroid frequency

The centroid frequency is defined as the point in the center of the occupied bandwidth,
calculated using the temporary OBW markers T1 and T2. This frequency is indicated
as a function result ("Occ Bw Centroid") in the marker table.

Frequency offset

The offset of the calculated centroid frequency to the defined center frequency of the
R&S FPL1000 is indicated as a function result ("Occ Bw Freq Offset") in the marker
table.

Remote command:

The determined occupied bandwidth can also be queried using the remote command
CALC:MARK:FUNC:POW:RES? OBW Or CALC:MARK:FUNC:POW:RES? AOBW. While
the oBW parameter returns only the occupied bandwidth, the AOBW parameter also
returns the position and level of the temporary markers T1 and T2 used to calculate the
occupied bandwidth.

CALC:MARK:FUNC:POW:SEL OBW, see CALCulate<n>:MARKer<m>:FUNCtion:
POWer<sb>:SELect on page 632

CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>[:STATe] on page 632

CALC:MARK:FUNC:POW:RES? OBW, see CALCulate<n>:MARKer<m>:FUNCtion:
POWer<sb>:RESult? on page 630

CALC:MARK:FUNC:POW:RES? COBW, see CALCulate<n>:MARKer<m>:FUNCtion:
POWer<sb>:RESult? on page 630

7.2.6.3 OBW Configuration

Access: "Overview" > "Select Measurement" > "OBW" > "OBW Config"
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Occupied Bandwidth
OBW Settings

04 Power Bandwidth

Channel Bandwidth RESIRgr

Adjust Settings

reh Limits

Right Limit [l BEEIRE

Search Limits Off

This measurement is not available in zero span.

Configuring search limits for OBW measurement

The OBW measurement uses the same search limits as defined for marker search
(see "Search Limits" on page 356). However, only the left and right limits are consid-
ered.

The remote commands required to perform these tasks are described in Chap-
ter 11.6.6, "Measuring the Occupied Bandwidth", on page 657.

Y% Power BandWidth....... ...t 156
Channel BandWidth..........oooiociieeeee e e e e 157
F e 101y A T=Y u] T P PEPPPR 157
Search Limits (Left / Right).....ccoooiiiieeeee s 157
Deactivating All Search LimitS.........uucceiiiiiiie e 157

% Power Bandwidth
Defines the percentage of total power in the displayed frequency range which defines
the occupied bandwidth. Values from 10 % to 99.9 % are allowed.

Remote command:
[SENSe: ] POWer:BANDwidth on page 658
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Channel Bandwidth

Defines the channel bandwidth for the transmission channel in single-carrier measure-
ments. This bandwidth is used to optimize the test parameters (for details see "Adjust
Settings" on page 157). The default setting is 14 kHz.

For measurements according to a specific transmission standard, define the bandwidth
specified by the standard for the transmission channel.

For multicarrier measurements, this setting is irrelevant.

Remote command:
[SENSe: ] POWer:ACHannel : BANDwidth [ :CHANnel<ch>] on page 641

Adjust Settings
Optimizes the instrument settings for the measurement of the occupied bandwidth
according to the specified channel bandwidth.

This function is only useful for single carrier measurements.

All instrument settings relevant for power measurement within a specific frequency
range are optimized:

® Frequency span: 3 x channel bandwidth

e RBW < 1/40 of channel bandwidth

* VBW =3 x RBW

® Detector: RMS

The reference level is not affected by "Adjust Settings". For an optimum dynamic
range,select the reference level such that the signal maximum is close to the reference
level.

(See "Setting the Reference Level Automatically (Auto Level)" on page 312).

The adjustment is carried out only once. If necessary, the instrument settings can be
changed later.

Remote command:
[SENSe: ] POWer:ACHannel : PRESet on page 633

Search Limits (Left / Right)
If activated, limit lines are defined and displayed for the search. Only results within the
limited search range are considered.

For details on limit lines for searches, see "Peak search limits" on page 379.

Remote command:
CALCulate<n>:MARKer<m>:X:SLIMits[:STATe] on page 848
CALCulate<n>:MARKer<m>:X:SLIMits:LEFT on page 848
CALCulate<n>:MARKer<m>:X:SLIMits:RIGHt on page 849

Deactivating All Search Limits
Deactivates the search range limits.

Remote command:
CALCulate<n>:MARKer<m>:X:SLIMits[:STATe] on page 848
CALCulate<n>:THReshold:STATe on page 850
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7.2.6.4 How to Determine the Occupied Bandwidth

The following step-by-step instructions demonstrate how to determine the occupied
bandwidth.

For remote operation, see Chapter 11.6.6.2, "Programming Example: OBW Measure-
ment", on page 658.

How to determine the OBW for a single signal
1. Press the [MEAS] key or select "Select Measurement" in the "Overview".

2. Select the "OBW" measurement function.

The measurement is started immediately with the default settings.

3. Select the "OBW Config" softkey.
The "Occupied Bandwidth" configuration dialog box is displayed.

4. Define the percentage of power ("% Power Bandwidth") that defines the bandwidth
to be determined.

5. If necessary, change the channel bandwidth for the transmission channel.

6. To optimize the settings for the selected channel configuration, select "Adjust Set-
tings".

7. Start a sweep.

The result is displayed as OBW in the marker results.

How to determine the OBW for a multicarrier signal using search limits
1. Press the [MEAS] key or select "Select Measurement" in the "Overview".
2. Select the "OBW" measurement function.

3. Select the "OBW Config" softkey.
4

Define the percentage of power ("% Power Bandwidth") that defines the bandwidth
to be determined.

5. Define search limits so the search area contains only the first carrier signal:

a) Enter values for the left or right limits, or both.
b) Enable the use of the required limits.

6. Start a sweep.
The result for the first carrier is displayed as OBW in the marker results.

7. Change the search limits so the search area contains the next carrier signal as
described in step 5.

The OBW is recalculated and the result for the next carrier is displayed. A new
sweep is not necessary!
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8. Continue in this way until all carriers have been measured.

7.2.6.5 Measurement Example

In the following example, the bandwidth that occupies 99 % of the total power of a PDC
signal at 800 MHz, level 0 dBm is measured.

A programming example demonstrating an OBW measurement in a remote environ-
ment is provided in Chapter 11.6.6.2, "Programming Example: OBW Measurement",
on page 658.

1. Preset the R&S FPL1000.

Set the "Center Frequency" to 800 MHz.

Set the "Reference Level" to -70 dBm.

Press the [MEAS] key or select "Select Measurement” in the "Overview".
Select the "OBW" measurement function.

Select the "OBW Config" softkey.

Set the "% Power Bandwidth" to 99 %.

Set the "Channel Bandwidth" to 271 kHz as specified by the PDC standard.

© ©®© N o o M 0 DN

Optimize the settings for the selected channel configuration by selecting "Adjust
Settings".

10. Adjust the reference level to the measured total power by selecting "Auto Level" in
the [Auto set] menu.

11. The PDC standard requires the peak detector for OBW measurement. In the
"Traces" configuration dialog, set the trace detector to "PositivePeak".

12. Start a sweep.

The result is displayed as OBW in the marker results.

7.2.7 Spectrum Emission Mask (SEM) Measurement

Spectrum Emission Mask (SEM) measurements monitor compliance with a spectral

mask.

e  About the MeasuremMENt.........coi it e e e e e 160
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7.2.7.1 About the Measurement

The Spectrum Emission Mask (SEM) measurement defines a measurement that moni-
tors compliance with a spectral mask. The mask is defined with reference to the input
signal power. The R&S FPL1000 allows for a flexible definition of all parameters in the
SEM measurement. The analyzer performs measurements in predefined frequency
ranges with settings that can be specified individually for each of these ranges.

In the basic Spectrum application, spectrum emissions can be measured for multiple
sub blocks of channels, where the sub blocks can include gaps or overlap, and define
separate masks. Radio signals using multiple standards can also be analyzed.

SEM measurement configurations can be saved to an XML file which can then be
exported to another application or loaded on the R&S FPL1000 again later. Some pre-
defined XML files are provided that contain ranges and parameters according to the
selected standard.

To improve the performance of the R&S FPL1000 for spectrum emission mask mea-
surements, a "Fast SEM" mode is available.

A special limit check for SEM measurements allows for monitoring compliance of the
spectrum.

7.2.7.2 Typical Applications

Spectrum Emission Mask measurements are typically performed to ensure that modu-
lated signals remain within the valid signal level ranges. These ranges are defined by a
particular transmission standard, both in the transmission channel and neighboring
channels. Any violations of the mask can interfere with other transmissions.

The 3GPP TS 34.122 standard, for example, defines a mask for emissions outside the
transmission channel. This mask is defined relative to the input signal power. Three
frequency ranges to each side of the transmission channel are defined.

7.2.7.3 SEM Results

As a result of the Spectrum Emission Mask measurement, the following results are dis-
played in a diagram (see also "Limit Lines in SEM Measurements" on page 166):

® The measured signal levels

® The result of the limit check (mask monitoring)

® The defined limit lines

e TX channel power "P"

® The used power class

Multi-SEM measurements

Multi-SEM measurements are SEM measurements with more than one sub block. In
these measurements, each sub block has its own power class definitions. In this case,
the power class is not indicated in the graphical result displays.
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Example:

For example, in Figure 7-25, "31 < P < 39" is indicated as the used power class is
defined from 31 to 39.
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Figure 7-25: Spectrum Emission Mask result displays

In addition to the graphical results of the SEM measurement displayed in the diagram,
a result summary is displayed to evaluate the limit check results (see also "Limit Lines
in SEM Measurements" on page 166).

The following information is provided in the result summary:

Label Description

General information

"Standard" Loaded standard settings

"Tx Power" Power of the reference range

"Tx Bandwidth" Tx bandwidth used by the reference range
"RBW" RBW used by the reference range

Range results

"Range Low" Start of the frequency range the peak value was found in
"Range Up" Frequency range end the peak value was found in
"RBW" RBW of the range

"Frequency" Frequency of the peak power level

"Power Abs" Absolute peak power level within the range

User Manual 1178.3370.02 — 09 161
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Label Description
"Power Rel" Peak power level within the range, relative to the "Tx Power"
"ALimit" Deviation of the peak power level from the limit line

You can define in which detail the data is displayed in the result summary in the "List
Evaluation" settings (see "List Evaluation (Results Configuration)" on page 185). By
default, one peak per range is displayed. However, you can change the settings to dis-
play only peaks that exceed a threshold ("Margin").

Detected peaks are not only listed in the Result Summary, they are also indicated by
colored squares in the diagram (optionally, see Show Peaks in the "List Evaluation"
settings).
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Figure 7-26: Detected peak display in SEM measurement

Furthermore, you can export the results of the result summary to a file which can be
exported to another application for further analysis.

Results for SEM with multiple sub blocks

In the Spectrum application only, spectrum emissions can be measured for multiple

sub blocks of channels (see "SEM with Multiple Sub Blocks ("Multi-SEM")"

on page 169 for details). Up to 3 sub blocks (with 2 gaps) can be defined. For each

sub block and each gap, the results described above are provided individually in the
result summary.

|
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Figure 7-27: SEM results for multiple sub blocks

Retrieving results via remote control

The measurement results of the spectrum emission mask test can be retrieved using
the CALC:LIM:FAIL? command from a remote computer; see CALCulate<n>:
LIMit<li>:FATIL? on page 914 for a detailed description.

The power result for the reference range can be queried using
CALC:MARK:FUNC:POW:RES? CPOW;

The peak power for the reference range can be queried using
CALC:MARK:FUNC:POW:RES? PPOW, see CALCulate<n>:MARKer<m>:FUNCtion:
POWer<sb>:RESult? on page 630.

The measured power frace can be queried using TRAC: DATA? and TRAC : DATA:X?,
see TRACe<n>[:DATA] on page 832 and TRACe<n> [ : DATA] : X? on page 834:

The measured peak power list can be queried using TRAC:DATA? LIST, see
TRACe<n>[:DATA] on page 832.

7.2.7.4 SEM Basics

Some background knowledge on basic terms and principles used in SEM measure-
ments is provided here for a better understanding of the required configuration set-

tings.

e Ranges and Range SettingS.......cooviiiiiiiiiiiieicicriir e 164
o Limit Lines in SEM MeasSUIrE€mMENTES.........ciiivuiiiiiiiiieee ettt e e 166
0 Fast SEM MeEaASUIMEMENTS......couuiieeiii ettt et e e e et e e e e e e e e eaeen 168
e SEM with Multiple Sub Blocks ("MUIti-SEM").........ccoeiiiciiieeeiiieee e e 169
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Ranges and Range Settings

In the Spectrum Emission Mask measurements, a range defines a segment for which
you can define the following parameters separately:
e Start and stop frequency

* RBW

° VBW

® "Sweep Time"

® "Sweep Points"

® Reference level

® Attenuator settings

® Preamplifier settings

® Transducer settings

® Limit values

Via the sweep list, you define the ranges and their settings. For details on settings,
refer to "Sweep List" on page 174.

For details on defining the limits (masks), see "Limit Lines in SEM Measurements"
on page 166.

Range definition

After a preset, the sweep list contains a set of default ranges and parameters. For
each range, you can change the parameters listed above. You can insert or delete
ranges.

The changes of the sweep list are only kept until you load another parameter set (by
pressing [PRESET] or by loading an XML file). If you want a parameter set to be avail-
able permanently, create an XML file for this configuration (for details refer to "How to
save a user-defined SEM settings file" on page 190).

If you load one of the provided XML files, the sweep list contains ranges and parame-
ters according to the selected standard.

Reference range

The range containing the center frequency is defined as the reference range for all
other ranges in the sweep list. All range limits are defined in relation to the reference
range. The TX power used as a reference for all power level results in the result sum-
mary is also calculated for this reference range. You can define whether the power
used for reference is the peak power level or the integrated power of the reference
range. In the "Sweep List", the reference range is highlighted in blue and cannot be
deleted.

Rules

The following rules apply to ranges:
® The minimum span of a range is 20 Hz.
® The individual ranges must not overlap (but can have gaps).



R&S®FPL1000 The Spectrum Application (RF Measurements)

® The maximum number of ranges is 30.

® The minimum number of ranges is 3.

® The reference range cannot be deleted.

® Center the reference range on the center frequency.

® The current "Tx Bandwidth" defines the minimum span of the reference range (see
"Channel Power Settings" on page 181).

® Define frequency values for each range relative to the center frequency.

To change the start frequency of the first range or the stop frequency of the last range,
select the appropriate span with the [SPAN] key. You can define a span that is smaller
than the combined span of all ranges. In this case, the measurement includes only the
ranges that lie within the defined span and have a minimum span of 20 Hz. The first
and last ranges are adapted to the given span as long as the minimum span of 20 Hz
is not violated.

Sweep points

You can define a minimum number of sweep points for each range. The total number
of available sweep points is then distributed among the ranges in consideration of the
minimum values. If the total number of sweep points is not enough to satisfy the mini-
mum sweep point requirements in all ranges, the R&S FPL1000 adjusts the global
number of Sweep Points accordingly. By default, each range has a minimum of one
sweep point.

This allows you to increase the resolution within a specific range for detailed analysis.
You do not have to increase the overall number of sweep points and thus the measure-
ment time for the SEM measurement.

Symmetrical ranges

You can easily define a sweep list with symmetrical range settings, i.e. the ranges to
the left and right of the reference range are defined symmetrically. When symmetrical
setup is activated, the current sweep list configuration is changed to define a symmetri-
cal setup regarding the reference range. The number of ranges to the left of the refer-
ence range is reflected to the right, i.e. any missing ranges on the right are inserted,
while superfluous ranges are removed. The values in the ranges to the right of the ref-
erence range are adapted symmetrically to those in the left ranges.

Symmetrical ranges fulfill the conditions required for "Fast SEM" mode (see "Fast SEM
Measurements" on page 168).

Power classes

If the signal power level to be monitored varies and the limits vary accordingly, you can
define power classes, which can then be assigned to the frequency ranges. Thus, the
limits for the signal levels can be defined differently for varying input levels. For
instance, for higher input levels a transmission standard can allow for higher power lev-
els in adjacent channels, whereas for lower input levels the allowed deviation can be
stricter. Up to four different power classes can be defined.

|
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Limit Lines in SEM Measurements

For the R&S FPL1000, the spectrum emission mask is defined using limit lines. Limit
lines allow you to check the measured data (that is, the trace results) against specified
limit values. Generally, it is possible to define limit lines for any measurement in the
Spectrum application application using the [Lines] function. For SEM measurements,
however, special limit lines are available via the "Sweep List", and it is strongly recom-
mended that you use only these limit line definitions.

In the "Sweep List", you can define a limit line for each power class that varies its level
according to the specified frequency ranges. Special limit lines are automatically
defined for each power class according to the current "Sweep List" settings every time
the settings change. These limit lines are labeled " SEM_LINE_<xxx>_ ABS<0...3>"
and "_SEM_LINE_<xxx>_REL<0...3>", where <xxx> is an index to distinguish limit
lines between different channel setups.

The limit line defined for the currently used power class is indicated by a red line in the
display. The result of the limit check is indicated at the top of the diagram. Note that
only "Pass" or "Fail" is indicated; a "Margin" function as for general limit lines is not
available.
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The indicated limit line depends on the settings in the "Sweep List". Several types of
limit checks are possible:

Table 7-11: Limit check types

Limit check type | Pass/fail criteria Limit line definition

"Absolute” Absolute power levels must not Defined by the "Abs Limit Start"/ "Abs Limit
exceed limit line Stop" values for each range

"Relative" Power deviations relative to the TX Defined by the "Rel Limit Start"/ "Rel Limit
channel power must not exceed limit | Stop" values (relative to the TX channel
line power), fixed for each range.

e
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Limit check type

Pass/fail criteria

Limit line definition

"Relative with
function f(x)"

If the power exceeds both the abso-
lute and the relative limits, the check
fails (see Relative limit line functions
below)

Defined by the maximum of the absolute or
relative start and stop limit values for each
range. Thus, the start or stop point of the limit
range, or both, are variable (since the maxi-
mum can vary).

"Abs and Rel" If the power exceeds both the abso- | The less strict (higher) limit line is displayed
lute and the relative limits, the check | for each range.
fails. If you use a function to define the relative limit
start or stop value, the signal is checked
against an additional condition: the power
must exceed the absolute limit, as well as the
absolute and relative function values.
"Abs or Rel" If the power exceeds either the The stricter (lower) limit line is displayed for

absolute or the relative limits, the
check fails.

each range.

If you use a function to define the relative limit
start or stop value, the signal is checked
against an additional condition: if the power
exceeds the absolute limit, or the higher of the
absolute and relative function values, the
check fails.

Relative limit line functions

A new function allows you to define limit lines whose start or end points (or both) are
variable, depending on the carrier power. Thus, the resulting limit line can change its
slope within the range, depending on the carrier power. Common relative limit lines are
calculated once for the defined start and end points and maintain a constant slope.

If the relative limit value function is used in combination with the "Abs and Rel" or "Abs
or Rel" limit check types, an additional condition is considered for the limit check (see
Table 7-11).

Limit check results in the result summary

For each range, the peak measured value and the deviation of these values from the
limit line are displayed in the result summary. If the limit check is passed for the range,
the deviation represents the closest value to the limit line. If the limit check is passed
for the range, the deviation represents the closest value to the limit line. If the limit
check for the range fails, the deviation represents the maximum violation against the
limit line. Furthermore, the absolute power levels and the relative deviation of the
peaks from the TX channel power are displayed. Values that exceed the limit are indi-
cated in red and by an asterisk (*).

|
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for the peak values to be displayed in the Result Summary can be defined. (In the "List

@ Although a margin functionality is not available for the limit check, a margin (threshold)
Evaluation" settings, see "List Evaluation (Results Configuration)" on page 185).

Fast SEM Measurements

To improve the performance of the R&S FPL1000 for spectrum emission mask mea-
surements, a "Fast SEM" mode is available. If this mode is activated, several consecu-
tive ranges with identical sweep settings are combined to one sweep internally, which
makes the measurement considerably faster. The displayed results remain unchanged
and still consist of several ranges. Thus, measurement settings that apply only to the
results, such as limits, can nevertheless be defined individually for each range.

Prerequisites

"Fast SEM" mode is available if the following criteria apply:
® The frequency ranges are consecutive, without frequency gaps
® The following sweep settings are identical (for details see "Sweep List"
on page 174):
— "Filter Type"
- "RBW"
- "VBW"
— "Sweep Time Mode"
— "Reference Level"
— "RF Attenuation Mode"
— "RF Attenuation"
— "Preamplifier"

Activating Fast SEM mode

"Fast SEM" mode is activated in the sweep list (see "Sweep List" on page 174) or
using a remote command. Activating the mode for one range automatically activates it
for all ranges in the sweep list.

Remote command:

[SENSe: ]ESPectrum<sb>:HSPeed on page 663

6 Fast SEM not supported for multiple sub blocks

For SEM with multiple sub blocks, fast SEM is not available. If more than one sub
block is defined and a standard is loaded which contains an active fast SEM setting,
this setting is disabled.

For more information on multi-SEM measurements, see "SEM with Multiple Sub Blocks
("Multi-SEM")" on page 169.
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Consequences

When the "Fast SEM" mode is activated, the ranges for which these criteria apply are
displayed as one single range. The sweep time is defined as the sum of the individual
sweep times, initially, but can be changed.

sweep list settings can be configured symmetrically automatically (see also "Symmetri-

@ If "Symmetrical Setup" mode is active when "Fast SEM" mode is activated, not all
cal Setup" on page 179).

Any other changes to the sweep settings of the combined range are applied to each
included range and remain changed even after deactivating "Fast SEM" mode.

Example

Spectrum Emission Mask
Sweep List Sub Blocks Reference Range Power Classes MSR Settings Standard Files

Sub Range 1 Range 2 Range 3 Range 4 Range 5
Block A Range Start -12.75 MHz -2.515 MHz -2.51498 MHz 2.515 MHz 2.51502 MHz

Range Stop -2.515 MHz -2.51498 MHz | QR Rl Y1 b 2.51502 MHz 12.75 MHz

Fast SEM on on on on

Filter Type Normal(3dB)

.

Normal{3dB)
30 kHz
Sweep Time 419 ps 279 ps
Ref Level 0 dBm 0 dBm
RF Att Mode Auto Auto

RF Attenuation 10 dB 10 dB

Transducer None
Multi Limit Calc sum

Min Sweep Points 1

Insert Insert Symmetrical Setup
before after

Range Range

Delete
Range on Off

Figure 7-28: Sweep list using Fast SEM mode

In Figure 7-28, a sweep list is shown for which Fast SEM is activated. The formerly five
separately defined ranges are combined to two sweep ranges internally.

SEM with Multiple Sub Blocks ("Multi-SEM")

In the Spectrum application application only, spectrum emissions can be measured for
multiple sub blocks of channels (also referred to as a "Multi-SEM" measurement). Sub
blocks are a set of multiple ranges around a defined center frequency (carrier). Multiple
sub blocks can include gaps or overlap, and each sub block defines a separate mask.
In the overlapping masks, multi-limit lines are calculated. Up to 3 sub blocks (with 2
gaps) can be defined. For each sub block, the familiar configuration settings concern-
ing ranges, limit lines etc. can be defined individually.

|
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Comparison to "traditional™ SEM measurement

The default SEM measurement is simply a special case of "Multi-SEM" - consisting of
one single block. Only if the number of sub blocks in the basic SEM configuration is
larger than 1, multiple sub blocks are inserted in the configuration settings and result
tables.

Particular features of configuring multiple sub blocks

The sub blocks are independent of the global start, stop, center and span frequencies
for the complete SEM measurement. Thus, there can be gaps that can even include
other carrier ranges, but are not configured for the SEM measurement.

For each sub block, you define:

® The center frequency of the reference range of the sub block; center frequencies
must be defined in ascending order for sub blocks A,B,C

® The reference range; note that although individual ranges of different sub blocks
can overlap, reference ranges for different sub blocks cannot; they must define dis-
tinct frequency ranges

® The sweep list, including the limit lines

@ Fast SEM not supported for multiple sub blocks

For SEM with multiple sub blocks, fast SEM is not available. If more than one sub
block is defined and a standard is loaded which contains an active fast SEM setting,
this setting is disabled.

Absolute vs relative frequencies

In the default configuration with only one sub block, frequencies are defined relative to
the center frequency; this is the familiar configuration.

For setups with more than one sub block, frequencies are defined relative to the center
frequency of the reference ranges for the individual sub blocks. However, in the result
summary, frequencies are indicated as absolute values. Relative frequencies that refer
to different reference ranges would be inconvenient and difficult to analyze.

Limit check behavior for overlapping masks

Since spectrum emission masks are defined individually for each sub block, and sub
blocks can overlap, the question arises what happens during the limit check in the
overlapping regions? To answer this question, we must distinguish the following cases:

® For the reference range, no limit checking is performed, as the reference range
contains the carrier

® For other ranges, only the limit lines defined for ranges between the carriers, that is
the reference ranges to either side, are significant. In other words: if a limit line def-
inition covers the frequency area of several carriers, only the limit lines for ranges
between the corresponding reference range and the next closest reference range
are significant.

User Manual 1178.3370.02 — 09 170



Measurements and Results
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Figure 7-29: Behavior for overlapping masks

® For the ranges in which multiple limit lines are significant, a range-specific function
determines the behavior of the limit check

Limit calculation for individual ranges

For each range a function can be defined that determines the behavior of the limit
check if there are multiple limit lines:

® "NONE": In reference ranges no limit check is performed,;

Reference ranges always use the function "NONE".

For other ranges, see the combinations for overlapping ranges below.
® "SUM": sum of the two limit lines (calculated for linear powers) is used

o "MAX": maximum of the two limit lines is used
This leads to the following combinations for overlapping ranges:

o "MAX"+"MAX": maximum of the two limit lines is used
e "MAX"+"SUM": maximum of the two limit lines is used
e "SUM"+"SUM": sum of the two limit lines (calculated for linear powers) is used

® "NONE"+"MAX"/"NONE"+"SUM": limit line (and parameters) of the "NONE"
range are ignored

® "NONE"+"NONE": depends on the position of the overlapping ranges in relation to
the mid-frequency between the two neighboring sub blocks:
— Overlap is completely below the mid-frequency: limits and parameters of the
left sub block are used

— Overlap is completely above the mid-frequency: limits and parameters of the
right sub block are used

— Overlap crosses the mid-frequency: new subranges are created: one to the left
of the mid-frequency, one to the right of the mid-frequency. The left subrange
uses the limits and parameters of the left sub block, the right subrange uses
the limits and parameters of the right sub block.
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6 Different RBWs in overlapping ranges

If different RBWs are defined for the overlapping ranges, the following parameters from
the range with the smaller RBW are considered for both ranges:

e RBW

° VBW

® Attenuation

® Reference level

® Transducer

® Filter type

® (proportional) sweep time

In the range with the higher RBW, the following offset is applied to the limit line:
-10"109(RBWarge / RBW;mar)

Table 7-12: Limit lines in overlapping ranges crossing the mid-frequency

Mid-frequency Mid-frequency
5B1-SB2 Sub SB1-5B2  Sub

‘ iblock 2 ; iblock 2

N

Sub |
block 1!

TX1

TX2 TX1 X2

\\\E

e e e

e

Initial situation: overlapping ranges Result: Subranges 4a and 5a are created left and right of the
mid-frequency;

0
.

Range 4 ("None") + Range 5 ("None") overlap and cross the
mid-frequency between sub blocks 1 and 2 For subrange 4a: limit line and parameters of range 4 apply

For subrange 5a: limit line and parameters of range 5 apply

Global SEM limit check

For the complete SEM measurement, which can consist of multiple sub blocks, only
one single limit check is performed. A single limit line is calculated according to the
individual range limit lines and the defined functions for overlapping ranges. The mea-
sured values are then compared with this single limit line. If the limit is exceeded in any
range, the result of the limit check is ." failed!"
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Figure 7-30: Summarized limit line for multiple sub blocks

7.2.7.5 SEM Configuration

Access: "Overview" > "Select Measurement" > "Spectrum Emission Mask"
The SEM measurement is started immediately with the default settings.

The remote commands required to perform these tasks are described in Chap-
ter 11.6.7, "Measuring the Spectrum Emission Mask", on page 659.

Global span settings
The span of the signal to be monitored is configured in the general span settings (see

Chapter 7.4.2, "Frequency and Span Settings", on page 302). Only ranges within this
global span are considered for the SEM measurement.

Multi-SEM configuration
In the Spectrum application application only, spectrum emissions can be measured for

multiple sub blocks of channels (see "SEM with Multiple Sub Blocks ("Multi-SEM")"

on page 169). Up to 3 sub blocks (with 2 gaps) can be defined. For each sub block, the
familiar configuration settings concerning ranges, limit lines etc. can be defined in indi-
vidual tabs. In addition, settings on the sub blocks themselves must be configured in
the "Sub Block" tab of the "Spectrum Emission Mask" configuration dialog box (see
"Multi-SEM (Sub Block) Settings " on page 179).

The following settings are available in individual tabs of the "Spectrum Emission Mask"
configuration dialog box.

|
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@ SWEEP LSttt e e e e e e e ———— 174
e  Multi-SEM (Sub BIOCK) SEttiNgS ..ccccviviiiieiiiiiii et 179
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e List Evaluation (Results Configuration)...........oeeeeiiiiiiiiiciiiiiee e, 185

Sweep List
Access: "Overview" > "Select Measurement" > "Spectrum Emission Mask" > "Sweep
List"

For SEM measurements, the input signal is split into several frequency ranges which
are swept individually and for which different limitations apply. You configure the indi-
vidual frequency ranges and mask limits in the "Sweep List".

If you edit the sweep list, always follow the rules and consider the limitations described
in "Ranges and Range Settings" on page 164.

Spectrum Emission Mask
Sweep List Sub Blocks Reference Range Power Classes MSR Settings Standard Files

Sub Range 1 Range 2 Range 3

Block A Range Start ¥ AN B 2,515 MHZ
Range Stop -2.515 MHz Bl R o 12.75MHz
Fast SEM Off

Filter Type Normal(3dB) bl [Es 3R Normal (3dB )

RBW 30 kHz 30 kHz

VBW 3 MHz 3 MHz

Sweep Time Mode Auto Auto

Sweep Time 140 ps 140 ps

Ref Level 0 dBm 0 dBm

RF Att Mode Auto Auto

RF Attenuation 10dB 10dB

Preamp Off

Transducer
Muilti Limit Calc
Min Sweep Points 1

Limit Check 1 Relative Relative

Rel Limit Start 1 -50 dBc 300 dBc

Insert Insert Delete Symmetrical Setup
before after

Range Range [REgE on Off

Range Start / Range STOP.....cuui i 175
= Y B =Y RSP 175
11 =T 5] 1= TS 175
RBVV . ettt ettt ettt ettt e e ettt et e e et et e e e ntee e e e e ntee e e e et reeeeeanraeeeeeannraeeeeeannaes 175
RV SRR 176
SWEEP TiME MOAE....ccoii it e e e e e e e e e e s eeeeas 176
TS o T T TSP 176
RET LEVEL ettt e e st e e e s sat e e e e s e b b e e e e s sanreeeee e e 176
[ N 1 411/ Yo = SRR 176
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L N A (=T 10 =1 (o] o RPN 176
L (= 0 0] o S 177
I =1 Yo (8 o=l = T (o ) SR 177
Limit CheCK SN .. et e e e e e e areeas 177
Abs Limit Start / STOP SN> .. a e 177
Rel Limit Start / STOP SN> ... e e 177
MUlti-Limit CalC SN>.....eeeeieiii ettt e e e e e e e e e e e e e e e e e annns 178
Min SWEEP POINES. ...ttt e e e e e e e e e e e e e 178
Insert before Range / Insert after Range........oocuueiiiiiiiiiiin e 179
Delete RANGE......o e 179
SYMMETTICAl SEIUP.cciiiiii i e e e e e e s e reeeeee s 179

Range Start / Range Stop
Sets the start frequency/stop frequency of the selected range.

To change the start/stop frequency of the first or last range, respectively, select the
appropriate span in the [SPAN] configuration dialog. You can set a span that is smaller
than the overall span of the ranges. In this case, the measurement includes only the
ranges that lie within the defined span and have a minimum span of 20 Hz. The first
and last ranges are adapted to the given span as long as the minimum span of 20 Hz
is not violated.

Define frequency values for each range relative to the center frequency. Center the ref-
erence range on the center frequency. The current "Tx Bandwidth" defines the mini-
mum span of the reference range (see "Channel Power Settings" on page 181).

Remote command:
[SENSe: ] ESPectrum<sb>:RANGe<ri>[:FREQuency] :STARt on page 666
[SENSe: ]ESPectrum<sb>:RANGe<ri>[:FREQuency] : STOP on page 666

Fast SEM
Activates "Fast SEM" mode for all ranges in the sweep list. For details, see "Fast SEM
Measurements" on page 168.

Note: If you deactivate "Fast SEM" mode while "Symmetrical Setup" mode is on,
"Symmetrical Setup" mode is automatically also deactivated.

If you activate "Fast SEM" mode while "Symmetrical Setup" mode is on, not all range
settings can be configured symmetrically automatically.

Remote command:
[SENSe: | ESPectrum<sb>:HSPeed on page 663

Filter Type
Sets the filter type for this range.

For details on filter types, see Chapter 7.6.1.6, "Which Data May Pass: Filter Types",
on page 320.

Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:FILTer:TYPE on page 665

RBW
Sets the resolution bandwidth for this range.
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For details on the RBW, see Chapter 7.6.1.1, "Separating Signals by Selecting an
Appropriate Resolution Bandwidth", on page 317.

Remote command:
[SENSe: ] ESPectrum<sb>:RANGe<ri>:BANDwidth:RESolution on page 664

VBW
Sets the video bandwidth for this range.

For details on the VBW, see Chapter 7.6.1.2, "Smoothing the Trace Using the Video
Bandwidth", on page 318.

Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:BANDwidth:VIDeo on page 664

Sweep Time Mode
Activates or deactivates the auto mode for the sweep time.

Currently, only auto mode is available for the R&S FPL1000.

For details on the sweep time mode, see Chapter 7.6.1.7, "How Long the Data is Mea-
sured: Sweep Time", on page 320

Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:SWEep:TIME:AUTO on page 675

Sweep Time
Sets the sweep time value for the range.

For details on the sweep time, see Chapter 7.6.1.7, "How Long the Data is Measured:
Sweep Time", on page 320

Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:SWEep:TIME on page 675

Ref Level
Sets the reference level for the range.

For details on the reference level, see Chapter 7.5.1.1, "Reference Level",
on page 308.

Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:RLEVel on page 674

RF Att Mode
Activates or deactivates the auto mode for RF attenuation.

For details on attenuation, see Chapter 7.5.1.2, "RF Attenuation”, on page 309.

Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:INPut:ATTenuation:AUTO on page 667

RF Attenuation
Sets the attenuation value for the range.

Remote command:
[SENSe:]ESPectrum<sb>:RANGe<ri>:INPut:ATTenuation on page 667
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Preamp
Switches the preamplifier on or off.

For details on the preamplifier, see "Preamplifier" on page 313.

Remote command:
[SENSe: ] ESPectrum<sb>:RANGe<ri>:INPut:GAIN:STATe on page 668

Transducer Factor
Sets a transducer for the specified range. You can only choose a transducer that fulfills
the following conditions:

® The transducer overlaps or equals the span of the range.
® The x-axis is linear.
® The unitis dB.

For details on transducers, see Chapter 9.7.1, "Basics on Transducer Factors",
on page 523.

Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:TRANsducer on page 676

Limit Check <n>
Sets the type of limit check for the n-th power class in the range. Up to four limits are
possible.

For details on limit checks, see "Limit Lines in SEM Measurements" on page 166.
The limit state affects the availability of all limit settings.

Remote command:
[SENSe: | ESPectrum<sb>:RANGe<ri>:1IMit<li>:STATe on page 673
CALCulate<n>:LIMit<1i>:FATL? on page 914

Abs Limit Start / Stop <n>
Sets an absolute limit value for the n-th power class at the start or stop frequency of
the range [dBm].

Remote command:

[SENSe: |ESPectrum<sb>:RANGe<ri>:LIMit<li>:ABSolute:STARt
on page 668

[SENSe: ]ESPectrum<sb>:RANGe<ri>:LIMit<1li>:ABSolute:STOP
on page 669

Rel Limit Start / Stop <n>
Sets a relative limit value for the n-th power class at the start or stop frequency of the
range [dBc].

By default, this value is a fixed relative limit, i.e. no function is defined. To define a
function for the relative limit, select the input field for "Rel Limit Start" or "Rel Limit
Stop" and then the "f(x)" icon that appears.
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Rel Limit Start 1 f*)  Function for Limitpoint

Rel Limit Stop 1 -50 dBc 3

Function Off

Relative Level R ]:]s

U T A RSTE -13.0 dBm

If the function is set to "Max", you can define a relative and an absolute limit level. In
this case, the maximum of the two values is used as the limit level.

For more information, see "Relative limit line functions" on page 167.

Remote command:

[SENSe: |ESPectrum<sb>:RANGe<ri>:LIMit<li>:RELative:STARt

on page 669

[SENSe: |ESPectrum<sb>:RANGe<ri>:LIMit<li>:RELative:STOP

on page 671

[SENSe: ]ESPectrum<sb>:RANGe<ri>:LIMit<li>:RELative:STARt:
FUNCtion on page 670

[SENSe: |ESPectrum<sb>:RANGe<ri>:LIMit<li>:RELative:STOP:FUNCtion

on page 672

[SENSe: |ESPectrum<sb>:RANGe<ri>:LIMit<li>:RELative:STARt:ABS
on page 670
[SENSe:]ESPectrum<sb>:RANGe<ri>:LIMit<li>:RELative:STOP:ABS
on page 672

Multi-Limit Calc <n>

Defines the function used to calculate the limit line for the n-th power class for overlap-
ping ranges in Multi-SEM measurements. For details, see "Limit calculation for individ-
ual ranges" on page 171.

"NONE" (reference ranges only:) the limit of the reference range is used
"SUM" Sum of the two limit lines (calculated for linear powers) is used
"MAX" Maximum of the two limit lines is used

Remote command:
[SENSe:]ESPectrum<sb>:RANGe<ri>:MLCalc on page 674

Min Sweep Points
Defines the minimum number of sweep points for the range.

If necessary to fulfill all minimum sweep point requirements in all ranges, the global
Sweep Points setting is increased. By default, each range is supplied with a minimum
of one sweep point.

For details, see "Sweep points" on page 165

Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:POINts:MINimum[:VALue] on page 674
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Insert before Range / Insert after Range

Inserts a new range to the left (before) or to the right (after) of the range in which the
cursor is currently displayed. The range numbers of the currently focused range and all
higher ranges are increased accordingly. The maximum number of ranges is 30.

Remote command:
[SENSe: ] ESPectrum<sb>:RANGe<ri>:INSert on page 668

Delete Range

Deletes the currently focused range, if possible. (The reference range cannot be
deleted. A minimum of three ranges is required.) The range numbers are updated
accordingly.

Remote command:
[SENSe: ]ESPectrum<sb>:RANGe<ri>:DELete on page 665

Symmetrical Setup
Any changes to the range settings in active "Symmetrical Setup" mode lead to sym-
metrical changes in the other ranges (where possible). In particular, this means:

® |nserting ranges: a symmetrical range is inserted on the other side of the reference

range

® Deleting ranges: the symmetrical range on the other side of the reference range is
also deleted

® Editing range settings: the settings in the symmetrical range are adapted accord-
ingly

Note: If "Fast SEM" mode is deactivated while "Symmetrical Setup” mode is on, "Sym
Setup" mode is automatically also deactivated.

If "Fast SEM" mode is activated while "Symmetrical Setup" mode is on, not all range
settings can be set automatically.

Remote command:
[SENSe: |ESPectrum<sb>:SSETup on page 676

Multi-SEM (Sub Block) Settings

Access: "Overview" > "Select Measurement" > "Spectrum Emission Mask" > "Sub
Blocks"

In the Spectrum application application only, spectrum emissions can be measured for
multiple sub blocks of channels (see "SEM with Multiple Sub Blocks ("Multi-SEM")"

on page 169). Sub blocks are a set of multiple ranges around a defined center fre-
quency (carrier).

By default, a single sub block is assumed. If more than one sub blocks are defined,
additional tabs are inserted for each sub block in the individual tabs of the "Spectrum
Emission Mask" configuration dialog box.



R&S®FPL1000 The Spectrum Application (RF Measurements)

Spectrum Emission Mask

Sweep List Sub Blocks Reference Range Power Classes MSR Settings

Sub Block / Center Freq Standard Sweep List

.Y 13.25 GHz or MSR Settings Edit

i3 13.35 GHz or MSR Settings

1o 13.45 GHz or MSR Settings

SUD BIOCK COUNT.....ceieiiiiiiitittceceee et e e e ettt se e e e e eeaeaaaaaeeeeeeeeeeeesenes 180
10| o =1 o Yo (A O =Y 1 (=) gl =Y PSR 180
S e= L0 = o [P PUUPUTPUP PN 180
Edit SWEEP LiSt...uueciiiei e —————— 180

Sub Block Count
Defines the number of sub blocks. By default, the familiar SEM measurement with just
one single block of ranges is configured.

Remote command:
[SENSe: ]ESPectrum<sb>:SCOunt on page 662

Sub Block / Center Freq
Defines the center frequency for an individual sub block. The center frequency deter-
mines the reference range used for each block.

For measurements with only one sub block, this setting corresponds to the global set-
ting in the "Frequency" settings (see Center Frequency).

Remote command:
[SENSe: ]ESPectrum<sb>:SCENter on page 662

Standard
Defines the use of a standard settings file for a particular sub block. For details, see
"Standard Files" on page 183.

Remote command:
[SENSe: ]ESPectrum<sb>:PRESet [:STANdard] on page 660

Edit Sweep List

Switches to the "Sweep List" tab of the "Spectrum Emission Mask" dialog box to con-
figure the individual frequency ranges and mask limits for the corresponding sub block.
See "Sweep List" on page 174.

Reference Range

Access: "Overview" > "Select Measurement" > "Spectrum Emission Mask" > "Refer-
ence Range"

The range around the center frequency is defined as the reference range for all other
ranges in the sweep list.
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I EEEEEEEEEEEEEEEEE————————————————————————
Spectrum Emission Mask

Sweep List Sub Blocks Reference Range Power Classes MSR Settings

Sub
Block A

Channel Power Peak Power
Sub

Block B
Channel Po

Sub
& 3.84 MHz
Blockc | xBandwidth _

RRC Filter State

POWET REFEIENCE TYPE. . uuuiiiiiiiiiiie e ettt e e e e e e e e e s e e s sennnrraeereeaaaaeas 181
Channel Power SettiNgsS.......ooii oo 181
L TX BANAWIALN. .....cocveeiecricecece ettt 181
L RRC Flter State.......ocueveeeeceeiececieeeeeete et ss s 181
o o1 RO 182

Power Reference Type
Defines how the reference power is calculated.

"Channel Power"
Measures the channel power within the reference range using the
integration bandwidth method. Additional settings can be configured
for this method.

"Peak Power"
Determines the peak power within the reference range.

Remote command:
[SENSe: ]ESPectrum<sb>:RTYPe on page 678

Channel Power Settings
If the "Power Reference Type:" "Channel Power" was selected, additional parameters
can be configured.

Tx Bandwidth — Channel Power Settings
Defines the bandwidth used for measuring the channel power, with:

Minimum span < "Tx Bandwidth" < of reference range

Remote command:
[SENSe: ]ESPectrum<sb>:BWID on page 677

RRC Filter State — Channel Power Settings
Activates or deactivates the use of an RRC filter.
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Remote command:
[SENSe: |ESPectrum<sb>:FILTer [:RRC] [:STATe] on page 677

Alpha: — Channel Power Settings
Sets the alpha value of the RRC filter (if activated).

Remote command:
[SENSe: ]ESPectrum<sb>:FILTer [:RRC] :ALPHa on page 677
Power Classes

Access: "Overview" > "Select Measurement" > "Spectrum Emission Mask" > "Power
Classes"

You can configure power classes which you can then assign to sweep list ranges. For
details, see "Power classes" on page 165.

Spectrum Emission Mask

Sweep List SubBlocks Reference Range Power Classes MSR Settings

Sub Used P Classes: All
Block A Used Power Classes:

sub Power Class PMin <=P< PMax

Block B
Power Class 1 199.9 dBm Sweep List

Sweep List

Sub

Remove

=TT oI SRR 183
Adding or Removing @ POWEr Class.........ccoiviiiiiiiiieiiiiicccrse e e e e e e e e e e ee e eeeeeenens 183

Used Power Classes:

Defines which power classes are considered for the SEM measurement. Limits can be
defined only for used power classes. It is only possible to select either one specific
power class or all the defined power classes.

If "All" is selected, the power class that corresponds to the currently measured power
in the reference range is used for monitoring. The limits assigned to that power class
are applied (see "Abs Limit Start / Stop <n>" on page 177 and "Rel Limit Start / Stop
<n>"on page 177).
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Remote command:
CALCulate<n>:LIMit<li>:ESPectrum<sb>:PCLass<pc>[:EXCLusive]
on page 681

To define all limits in one step:
CALCulate<n>:LIMit<1li>:ESPectrum<sb>:PCLass<pc>:LIMit[:STATe]
on page 681

PMin/ PMax

Defines the power limits for each power class. The first range always starts at -200
dBm (-INF) and the last range always stops at 200 dBm (+INF). These fields cannot be
modified. If more than one power class is defined, the value of "PMin" must be equal to
the value of "PMax" of the previous power class and vice versa.

Note that the power level can be equal to the lower limit(s), but must be lower than the
upper limit(s):

Pmin§P<Pmax
Otherwise the ranges are corrected automatically.

Remote command:
CALCulate<n>:LIMit<li>:ESPectrum<sb>:PCLass<pc>:MINimum
on page 683
CALCulate<n>:LIMit<1li>:ESPectrum<sb>:PCLass<pc>:MAXimum
on page 682

Sweep List

Switches to the "Sweep List" tab of the "Spectrum Emission Mask" dialog box and
focuses the "Limit Check" setting for the corresponding power class (1-4) in the refer-
ence range (see "Limit Check <n>" on page 177).

Adding or Removing a Power Class

Adds a new power class at the end of the list or removes the last power class. After
adding or removing, the last power class is adapted to end at "+INF". Note that a maxi-
mum of four power classes are available.

Remote command:
CALCulate<n>:LIMit<1li>:ESPectrum<sb>:PCLass<pc>:COUNt on page 680

Standard Files

Access: "Overview" > "Select Measurement" > "Spectrum Emission Mask" > "Stan-
dard Files"

You can save the current measurement settings as a user-defined standard (XML file),
or load stored measurement settings. Furthermore, you can delete an existing settings
file.
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Spectrum Emission Mask

Sweep List Sub Blocks Reference Range Power Classes MSR Settings Standard Files

Drive: ig=(C:) 0S ~ Path; 'l sem_std (C:/ES-MAIN/etv /sw/sem_std)

0 cdma2000
O EUTRA-LTE
O EVDO
3 TD-SCDMA
1 WCDMA,
[0 WIBRO
0 WIMAX
1 WLAN
[ None.xml
Restore

Standard
Files

File Name

For details, see "How to Manage SEM Settings Files" on page 189.

@ Standard files for sub blocks (Multi-SEM measurements)

If more than one sub blocks are defined, the "Standard Files" tab and softkey are not
available. To load a standard file for an individual sub block, use the Multi-SEM (Sub
Block) Settings setting in the "Sub Blocks" tab.

Selecting Storage Location - Drive/ Path/ Files.........cccooiiiii e 184
ST = T = YN 184
[IoT=To IS = 0 To £= T o O PPUPPPRRRN 185
1 L= o] o = 185
SAVE STANAAIG.... oo 185
Delete StaNAArd.........cooeeeiiiiee et 185
Restore Standard FileS.........ooeeeeeiii et 185

Selecting Storage Location - Drive/ Path/ Files
Select the storage location of the file on the instrument or an external drive.

The default storage location for the SEM settings files is:
C:\ProgramData\Rohde-Schwarz\ZNL-FPL\sem std.

Remote command:
MMEMory :CATalog on page 919

File Name
Contains the name of the data file without the path or extension.

By default, the name of a user file consists of a base name followed by an underscore.
Multiple files with the same base name are extended by three numbers, e.g.
limit lines_ 005.
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File names must be compatible with the Windows conventions for file names. In partic-
ular, they must not contain special characters such as ":", "*", "?".

For details on the filename and location, see Chapter 8.2.2.2, "Storage Location and
Filename", on page 461.

Load Standard
Loads the selected measurement settings file.

Remote command:
[SENSe: ]ESPectrum<sb>:PRESet [:STANdard] on page 660

File Explorer
Opens the Microsoft Windows File Explorer.

Remote command:
not supported

Save Standard
Saves the current measurement settings for a specific standard as a file with the
defined name.

Remote command:
[SENSe: ] ESPectrum<sb>:PRESet:STORe on page 660

Delete Standard

Deletes the selected standard. Standards predefined by Rohde & Schwarz can also be
deleted. A confirmation query is displayed to avoid unintentional deletion of the stan-
dard.

Note: Restoring predefined standard files. The standards predefined by Rohde &
Schwarz available at the time of delivery can be restored using the "Restore Standard
Files" function (see "Restore Standard Files" on page 185).

Restore Standard Files
Restores the standards predefined by Rohde & Schwarz available at the time of deliv-

ery.
The XML files from the C: \ProgramData\Rohde-Schwarz\ZNL-FPL\sem backup
folder are copied to the C: \ProgramData\Rohde-Schwarz\ZNL-FPL\sem std
folder.

Note that this function will overwrite customized standards that have the same name
as predefined standards.

Remote command:
[SENSe: ]ESPectrum<sb>:PRESet :RESTore on page 660
List Evaluation (Results Configuration)

Access: "Overview" > "Select Measurement" > "Spectrum Emission Mask" > "List
Evaluation"

In the "List Evaluation" dialog box, you configure the contents and display of the SEM
results.
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List Evaluation

List Evaluation State
Seftings
Show Pealks On Off

Margin 200.0 dB

e BEvaluation List

Decimal Separator Point Comma

Save

List Evaluation State (Result SUMMArY)........ccuiiiiiiiiiiiiiie e 186
SNOW PEAKS. ....eeiiiiiiiiiie ettt et e e st e e s st e e e e s sbb e e e e e b reeeeeanes 186
=T o 1 PN 186
Saving the Result Summary (Evaluation List) to @ File.....ccccccooeiiiiiiiiiiiiiie 187

List Evaluation State (Result Summary)
Activates or deactivates the Result Summary.

Remote command:
CALCulate<n>:ESPectrum:PEAKsearch:AUTO on page 683
TRACe<n>[:DATA] on page 832

Show Peaks
If activated, all peaks that have been detected during an active SEM measurement are
marked with blue squares in the Spectrum diagram.

Remote command:
CALCulate<n>:ESPectrum:PEAKsearch:PSHow on page 684

Margin

Although a margin functionality is not available for the limit check, you can define a
margin (or: threshold) for the peak values to be displayed in the result summary. Only
peaks that exceed the margin value are displayed (also in the diagram, if activated).

Remote command:
CALCulate<n>:ESPectrum:PEAKsearch:MARGin on page 684
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Saving the Result Summary (Evaluation List) to a File

Exports the Result Summary of the SEM measurement to an ASCI| file for evaluation
in an external application. If necessary, change the decimal separator for evaluation in
other languages.

Define the filename and storage location in the file selection dialog box that is dis-
played when you select the "Save" function.

For details, see "ASCII File Export Format (Spectrum Emission Mask)" on page 198.

Remote command:
MMEMory : STORe<n>:LIST on page 942
FORMat :DEXPort:DSEParator on page 918

7.2.7.6 How to Perform a Spectrum Emission Mask Measurement

SEM measurements can be performed according to a specific standard or freely con-
figured. Configuration for signals with a regular channel definition can be configured
quickly and easily. Selecting the SEM measurement is a prerequisite for all other tasks.

For signals with multiple carriers, also in non-contiguous ranges, an SEM measure-
ment with multiple sub blocks can be configured.

The following tasks are described:

® "To select an SEM measurement" on page 187

® "To perform an SEM measurement according to a standard" on page 187
® "To configure a user-defined SEM measurement" on page 187

® "To perform a Multi-SEM measurement" on page 189

For remote operation, see Chapter 11.6.7.10, "Example: SEM Measurement",
on page 685.

To select an SEM measurement

» Press the [MEAS] key, then select the "Spectrum Emission Mask" measurement.

To perform an SEM measurement according to a standard

» Load the settings file as described in "How to load an SEM settings file"
on page 190 and start a measurement.

To configure a user-defined SEM measurement
1. Define the span of the signal you want to monitor in the general span settings.

2. Split the frequency span of the measurement into ranges for signal parts with simi-
lar characteristics.
Starting from the center frequency, determine which sections of the signal to the
left and right can be swept and monitored using the same parameters. Criteria for
such a range definition may be, for example:

e The signal power level
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The required resolution bandwidth or sweep time

Transducer factors

Permitted deviation from the defined signal level, i.e. the required limit values
for monitoring

If the signal consists of a transmission channel and adjacent channels, the channel
ranges can usually be used for the range definition.

3. If the signal power level to be monitored varies and the limits vary, define power
classes. For each range of levels that can be monitored in the same way, define a
power class.

a) Select the "Overview" softkey.

b) Select the "SEM Setup" button.

c) Switch to the "Power Classes" tab.

d) To add a power class, select the "Add" button.

e) Enter the start and stop power levels to define the class.

f) Select the power classes to be used for the current measurement:

e a specific class
e all classes, to have the required class selected automatically according to
the input level measured in the reference range

4. Select the "Sweep List" tab of the "Spectrum Emission Mask" dialog box.

5. Insert the required ranges using the "Insert before Range" and "Insert after Range"
buttons, which refer to the currently selected range (the reference range by
default).

If the signal trace is symmetric to the center frequency, activate the "Sym Setup”
option to make setup easier and quicker.

6. Define the measurement parameters for each range as required. If symmetrical
setup is activated, you only have to configure the ranges to one side of the center
range.

In particular, define the limits for each range of the signal, i.e. the area in which the
signal level can deviate without failing the limit check. If several power classes
were defined (see step 3), define limits for each power class.

a) Define the type of limit check, i.e. whether absolute values or relative values
are checked, or both. The type of limit check is identical for all power classes.
b) Define the limit start and stop values.

7. If the sweep list settings - other than the limit and transducer values - are identical
for several adjacent ranges, activate "Fast SEM" mode to speed up the measure-
ment. You only have to activate the mode for one range, the others are adapted
automatically.

8. If necessary, change the settings for the reference power to which all SEM results
refer in the "Reference Range" tab.

9. To indicate the determined peaks in the display during an SEM measurement,
select "Overview" > "Analysis" > "Show Peaks".
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10. To save the current SEM measurement settings to a file to re-use them later, save
a settings file as described in "How to save a user-defined SEM settings file"
on page 190.

11. Start a sweep.

The determined powers and limit deviations for each range are indicated in the
Result Summary. If activated, the peak power levels for each range are also indica-
ted in the Spectrum diagram.

12. To save the Result Summary, export the results to a file as described in "How to
Save SEM Result Files" on page 190.

To perform a Multi-SEM measurement

1. Define the span of the signal to be monitored in the general span settings.
2. Select the "Multi-SEM Config" softkey.

3. Define the number of sub blocks (up to 3) that contain the relevant carriers.
4

For each sub block, define the center frequency, that is, the frequency of the TX
carrier or a frequency in the dedicated reference range.

5. For each sub block, do one of the following:

Select a standard settings file to be used.

Select the "Edit" button and configure the sweep list manually as defined in "To
configure a user-defined SEM measurement" on page 187. Be sure to select
the correct vertical tab for the corresponding sub block within each subtab of
the "Spectrum Emission Mask" configuration dialog.

Define a function to be used for overlapping ranges in the "Multi-Limit Calc"
field of the sweep list.

6. Start a sweep.

The determined powers and limit deviations for each sub block, each gap, and
each range are indicated in the Result Summary. If activated, the peak power lev-
els for each range are also indicated in the Spectrum diagram.

7. To save the Result Summary, export the results to a file as described in "How to
Save SEM Result Files" on page 190.

How to Manage SEM Settings Files

SEM measurement settings can be saved to an XML file which can then be exported to
another application or loaded on the R&S FPL1000 again later. Some predefined XML
files are provided that contain ranges and parameters according to the selected stan-
dard. All XML files are stored under
C:\ProgramData\Rohde-Schwarz\ZNL-FPL\sem std.

For details on the file format of the SEM settings file, see "Format Description of SEM
XML Files" on page 193.
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SEM settings or standard files are managed in the "Standard" tab of the "Spectrum
Emission Mask" dialog box. To display this dialog box, select the "Overview" softkey
and then the "SEM Setup" button.
How to load an SEM settings file
1. From the file selection dialog box, select the settings file (with a .xm1 extension).
2. Select the "Load" button.
The settings from the selected file are restored to the R&S FPL1000 and you can
repeat the SEM measurement with the stored settings.
How to save a user-defined SEM settings file

1. Configure the SEM measurement as required (see Chapter 7.2.7.6, "How to Per-
form a Spectrum Emission Mask Measurement", on page 187).

2. In the "Standard Files" tab of the "Spectrum Emission Mask" dialog box, define a
filename and storage location for the settings file.

3. Select the "Save" button.

The settings are stored to a file with the extension . xm1 as specified.

How to delete an SEM settings file

1. In the "Standard Files" tab of the "Spectrum Emission Mask" dialog box, select the
file you want to delete.

2. Select the "Delete" button.
3. Confirm the message.

The settings file is removed from the R&S FPL1000.

How to restore default SEM settings files

The R&S FPL1000 is delivered with predefined settings files which can be edited and
overwritten. However, you can restore the original files.

» In the "Standard Files" tab of the "Spectrum Emission Mask" dialog box, select the
"Restore Standard Files" button.

The original predefined settings files are available for selection on the
R&S FPL1000.
How to Save SEM Result Files

The Result Summary from an SEM measurement can be saved to a file, which can be
exported to another application for further analysis, for example.

For details on the file format of the SEM export file, see "ASCII File Export Format
(Spectrum Emission Mask)" on page 198.
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Configure and perform an SEM measurement as described in Chapter 7.2.7.6,
"How to Perform a Spectrum Emission Mask Measurement”, on page 187.

In the "Overview", select the "Analysis" button.

If necessary, change the "Decimal Separator" to "COMMA" for evaluation in other
languages.

Select the "Save" button.

In the file selection dialog box, select a storage location and filename for the result
file.

Select the "Save" button.

The file with the specified name and the extension . dat is stored in the defined
storage location.

Measurement Example: Multi-SEM Measurement

The following measurement example demonstrates an SEM measurement for a signal
with multiple sub blocks.

A programming example demonstrating a SEM measurement in a remote environment
is provided in Chapter 11.6.7.10, "Example: SEM Measurement", on page 685.

Test setup:
Signal
Generator 1 l
Coupler Spectrum
[- 6 dB] Analyzer

Genarator 2

Signal T

Signal generator settings (e.g. R&S FPL1000 SMW):

Device Standard Center frequency Level Test model
SigGen 1 3GPP/FDD 900 MHz 0dBm 1-16
SigGen 2 EUTRAILTE 906.5 MHz 0dBm 1_1_5MHz
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Setting up the measurement

1. Preset the R&S FPL1000.

Set the center frequency to 903.25 MHz.

Set the reference level to 70 dBm with an offset of to 30 dB.

Press the [MEAS] key or select "Select Measurement" in the "Overview".
Select the "SEM" measurement function.

Select the "Sub Blocks" softkey and enter "Sub Block Count" of 2.

N o o M w0 DN

For "Sub Block A", define the settings for the 3GPP/FDD signal:

e Set the "Center Frequency" to 900 MHz
e Set the "Base Station RF Bandwidth" to 5 MHz.
e Select "Apply to SEM".

8. For "Sub Block B", define the settings for the EUTRA/LTE signal:

e Set the "Center Frequency" to 906.5 MHz
e Set the "Base Station RF Bandwidth" to 5 MHz.
e Select "Apply to SEM".

9. Select [RUN SINGLE] to perform a measurement with the new settings.

The results of the measurement for each sub block are displayed in the Result
Summary. The summarized limit line is indicated in the Spectrum graph.
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List
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1 Spectrum Emission Mask W «| Sub Blacks
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I
| ]
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o [ au | [, W“ 'IW il
CF 902.5 MHz 3001 pts 2.55 MHz/ Span 25.5 MHz MSR
2 Result Summary ‘I config
Sub Block A Center 900.00 MHz Tx Power 23.18 dBm RBW 30.000 kHz
Tx Bandwidth 3.840 MHz MSR Band Category 1
Range Low Range Up Frequency Power Abs Power Rel ALimit
891.14881 MHz 6.73 -59.91 dB -25.232 dB
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Figure 7-31: Multi-SEM measurement: results of the measurement for each sub block
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7.2.7.8 Reference: SEM File Descriptions

This reference provides details on the format of the SEM settings and result files.

e Format Description of SEM XML Fil€S......ccuviiiiiiiiiicciiiiiiieeee e e e 193
e ASCII File Export Format (Spectrum Emission Mask).........ccccccceeeeeeeeeeiiicccnvnnnnee. 198

Format Description of SEM XML Files

The SEM XML files offer a quick way to change the measurement settings. A set of
predefined XML files for different standards is already provided. You can also create
and use your own XML files. Alternatively, edit the settings directly in the "Spectrum
Emission Mask" dialog box and save the XML file afterwards. This way, you do not
have to modify the XML file itself.

In addition to saving the current settings to a file, settings files can also be created
independently of the R&S FPL1000, in an external application. When creating your
own XML files, be sure to comply with the following conventions because the

R&S FPL1000 can only interpret XML files of a known structure. For sample files, see
the C:\Programbata\Rohde-Schwarz\ZNL-FPL\sem std directory of the

R&S FPL1000.

To load a settings file, use the "Load" function in the "Standard Files" tab of the "Spec-
trum Emission Mask" dialog box (see "How to load an SEM settings file" on page 190).
All XML files are stored under
C:\ProgramData\Rohde-Schwarz\ZNL-FPL\sem std.

The files for importing range settings obey the rules of the XML standard. The child
nodes, attributes, and structure defined for the data import are described here.

Be sure to follow the structure exactly as shown below or else the R&S FPL1000 is not
able to interpret the XML file and error messages are shown on the screen. It is recom-
mended that you make a copy of an existing file and edit the copy of the file.

Basically, the file consists of three elements that can be defined:

® The BaseFormat element
® The PowerClass element

® The Range element

The "BaseFormat" element

It carries information about basic settings. In this element, only the ReferencePower
child node has any effects on the measurement itself. The other attributes and child
nodes are used to display information about the Spectrum Emission Mask standard on
the measurement screen. The child nodes and attributes of this element are shown in
Table 7-13.
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Example:

In the sample file PowerClass 39 43.xml under
C:\ProgramData\Rohde-Schwarz\ZNL-FPL\sem std\WCDMA\3GPP, these
attributes are defined as follows:

e Standard="W-CDMA 3GPP"
® LinkDirection="DL"
® PowerClass="(39,43)dBm"

The "PowerClass™ element

It is embedded in the BaseFormat element and contains settings information about
the power classes. Up to four different power classes can be defined. For details, refer
to "Power Classes" on page 182. The child nodes and attributes of this element are
shown in Table 7-14.

The "Range" element

This element is embedded in the PowerClass element. It contains the settings infor-
mation of the range. There have to be at least three defined ranges: one reference
range and at least one range to either side of the reference range. The maximum num-
ber of ranges is 30. Note that the R&S FPL1000 uses the same ranges in each power
class. Therefore, the contents of the ranges of each defined power class have to be
identical to the first power class. The Start and Stop values of the two Limit nodes
that are used to determine the power class are an exception. Note also that you must
define two limit nodes: one that defines the limit in absolute values and one in relative
values. Make sure units for the Start and Stop nodes are identical for each Limit
node.

For details, refer to "Sweep List" on page 174. The child nodes and attributes of this
element are shown in Table 7-15.

The following tables show the child nodes and attributes of each element and show if a
child node or attribute is mandatory for the R&S FPL1000 to interpret the file or not.
The hierarchy of the XML cannot be seen in the tables. View one of the predefined files
already stored on the R&S FPL1000 in the "C:
\ProgramData\Rohde-Schwarz\ZNL-FPL\sem std" directory, or check the struc-
ture as shown below.

Below, a basic example of the structure of the file is shown, containing all mandatory
attributes and child nodes. Note that the PowerClass element and the Range element
are themselves elements of the BaseFormat element. They must be inserted where
noted. They are separated here simply to provide a better overview. Also, no example
values are given here to allow a quick reference to the tables above. Italic font shows
the placeholders for the values.

® The BaseFormat element is structured as follows:
— <RS_SEM_ACP_FileFormat Version="1.0.0.0">
<Name>"Standard"</Name>
<Instrument>
<Type>"Instrument Type"</Type>
<Application>"Application"</Application>
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</Instrument>

<LinkDirection Name="Name">
<ReferencePower>
<Method>"Method"</Method>
</ReferencePower>

<PowerClass Index="n">

<!I-- For contents of the PowerClass node, see Table 7-14 -->
<!-- Define up to four PowerClass nodes -->
</PowerClass>

</LinkDirection>

</RS_SEM_ACP_File>

® The "PowerClass" element is structured as follows:
— <PowerClass Index="n">

<StartPower Unit="dBm" InclusiveFlag="true" Value="StartPowerValue"/>
<StopPower Unit="dBm" InclusiveFlag="false" Value="StopPowerValue"/>
<DefaultLimitFailMode>"Limit Fail Mode"</DefaultLimitFailMode>
<Range Index="n">
<l-- For contents of the Range node, see Table 7-15 -->
<!-- Define up to twenty Range nodes -->
</Range>

</PowerClass>

® The "Range" element is structured as follows:
— <Range Index="n">

<Name="Name">
<ChannelType>"Channel Type"</Channel Type>
<WeightingFilter>
<Type>"FilterType"</Type>
<RollOffFactor>"Factor"</RollOffFactor>
<Bandwith>"Bandwidth"</Bandwidth>
</WeightingFilter>
<FrequencyRange>
<Start>"RangeStart"</Start>
<Stop>"RangeStop"</Stop>
</FrequencyRange>
<Limit>
<Start Unit="Unit" Value="Value"/>
<Stop Unit="Unit" Value="Value"/>
</Limit>
<Limit>
<Start Unit="Unit" Value="Value"/>
<Stop Unit="Unit" Value="Value"/>
</Limit>
<RBW Bandwidth="Bandwidth" Type="FilterType"/>
<VBW Bandwidth="Bandwidth"/>
<Detector>"Detector"</Detector>
<Sweep Mode="SweepMode" Time="SweepTime"/>
<Amplitude>
<ReferencelLevel Unit="dBm" Value="Value"/>
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<RFAttenuation Mode="Auto" Unit="dB" Value="Value"/>
<Preamplifier State="State"/>

</Amplitude>

<MeasPointsMin>1</MeasPointsMin>
<CalcRuleMulti>Sum</CalcRuleMulti>

</Range>

Table 7-13: Attributes and child nodes of the BaseFormat element

Child Node Attribute Value Parameter Description Mand.
FileFormatVersion 1.0.0.0 Yes
Date YYYY-MM-DD Date in ISO 8601 format No
HH:MM:SS
Name <string> Name of the standard Yes
Instrument Type FSL Name of the instrument No
Application SA | K72 | K82 Name of the application No
LinkDirection Name Downlink | Uplink | Yes
None
ShortName DL | UL No
Reference- Yes
Power
Method TX Channel Power | Yes
TX Channel Peak
Power
Reference- <string> No
Channel

Table 7-14: Attributes and child nodes of the PowerClass element

Child Node Attribute Value Parameter description Mand.

StartPower Value <power in dBm> The start power must be equal | Yes
to the stop power of the previ-
ous power class. The Start-

Power value of the first range

is -200
Unit dBm Yes
InclusiveFlag true Yes
StopPower Value <power in dBm> The stop power must be equal | Yes

to the start power of the next
power class. The StopPower
value of the last range is 200

Unit dBm
InclusiveFlag false Yes
DefaultLimitFailMode Absolute | Relative Yes

| Absolute and Rel-
ative | Absolute or
Relative
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Table 7-15: Attributes and child nodes of the Range element (normal ranges)

Child node Attribute | Value Parameter description Mand.
Index 0...19 Indices are continuous and | Yes
have to start with 0
Name <string> Name of the range Only if Referen-
ceChannel con-
tains a name and
the range is the
reference range
Short- <string> Short name of the range No
Name
ChannelType TX | Adjacent Yes
WeightingFilter Only if Referen-
cePower method
is TX Channel
Power and the
range is the ref-
erence range
Type RRC | CFilter Type of the weighting filter Yes
Roll Off Factor 0...1 Excess bandwidth of the fil- | Only if the filter
ter type is RRC
Bandwidth <bandwidth in Hz> | Filter bandwidth Only if the filter
type is RRC
FrequencyRange Yes
Start <frequency in Hz> | Start value of the range Yes
Stop <frequency in Hz> | Stop value of the range Yes
Limit dBm/Hz | dBm | A Range must contain Yes
dBc | dBr | dB exactly two limit nodes; one
of the limit nodes has to
have a relative unit (e.g.
dBc), the other one must
have an absolute unit (e.g.
dBm)
Start Value <numeric_value> Power limit at start fre- Yes
quency
Unit dBm/Hz | dBm | Sets the unit of the start
dBc | dBr | dB value
Stop Value <numeric_value> Power limit at stop fre-
quency
Unit dBm/Hz | dBm | Sets the unit of the stop
dBc | dBr | dB value
LimitFailMode Absolute | Relative | If used, it has to be identical | No
| Absolute and Rel- | to DefaultLimitFailMode
ative | Absolute or
Relative
RBW Bandwidth | <bandwidth in Hz> | "RBW" on page 175 Yes




Measurements and Results

Child node Attribute | Value Parameter description Mand.
Type NORM | PULS | No
CFIL | RRC
VBW Bandwidth | <bandwidth in Hz> | "VBW" on page 176 Yes
Detector NEG | POS | If used, it has to be identical | No
SAMP | RMS | in all ranges.
AVER | QUAS
Sweep Mode Manual | Auto "Sweep Time Mode" Yes
on page 176
Time <time in sec> "Sweep Time" on page 176 | No
Amplitude No
ReferencelLevel Value <power in dBm> "Ref Level" on page 176 Yes, if the Refer-
encelevel child
node is used
Unit dBm Defines dBm as unit Yes, if the Refer-
encelevel node
is used
RFAttenuation Mode Manual | Auto "RF Att Mode" on page 176 | Yes, if the Refer-
encelevel child
node is used
Preamplifier ON|OFF|1]0 "Preamp" on page 177 Yes

ASCII File Export Format (Spectrum Emission Mask)

When trace data from an SEM measurement is exported, the data is stored in ASCII
format as described below. The first part of the file lists information about the signal
analyzer and the general setup.

File contents Explanation

File header

Type;FPL1003 Model

Version;1.00; Firmware version

Date;31.Mar 17; Storage date of data set
Mode;ANALYZER;SEM,; Operating mode and measurement function
Center Freq;13250000000.000000;Hz X-axis settings

Freq Offset;0.000000;Hz

Span;25500000.000000;Hz

x-Axis;LIN;

Start;13237250000.000000;Hz

Stop;13262750000.000000;Hz

Level Offset;0.000000;dB Y-axis settings

Ref Position;100.000000;%
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File contents Explanation

y-Axis;LOG;

Level Range;100.000000;dB

Trace settings

Trace Mode;CLR/WRITE;

Detector;RMS;

Sweep Count;0;

Trace 1;;

x-Unit;Hz;

y-Unit;dBm;

List evaluation settings

Margin;200; Peak List margin

Reference range settings

RefType; CPOWER,; Reference power type

TxBandwidth;3840000;;Hz Channel power settings

Filter State; ON;

Alpha;0.22;
PeaksPerRange;1; Max. number of peaks per range to be detected
Values;2; Number of detected peaks

File data section

0;-12750000;-2515000;30000;13242367500;-43.844 | Measured peak values:
722747802734;-0.33028793334960938;49.6697120

< >-
66650391;FAIL; range number>;

<start frequency>;

2;2515000;12750000;30000;13257632500;-43.8447

22747802734;-0.33028793334960938;49.66971206
6650391;FAIL; <resolution bandwidth of range>;

<stop frequency>;

<frequency of peak>;
<absolute power in dBm of peak>;

<relative power in dBc of peak>; (related to the
channel power)

<distance to the limit line in dB>; (positive value
means above the limit)

<limit fail (pass = 0, fail =1)>;

7.2.8 Spurious Emissions Measurement

Spurious Emissions measurements monitor unwanted RF products outside the
assigned frequency band generated by an amplifier.
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About the Measurement

The Spurious Emissions measurement monitors unwanted RF products outside the
assigned frequency band generated by an amplifier. The spurious emissions are usu-
ally measured across a wide frequency range. The Spurious Emissions measurement
allows a flexible definition of all parameters. A result table indicates the largest devia-
tions of the absolute power from the limit line for each range, and the results can be
checked against defined limits automatically.

a
A

CF 6.3750045 GHz 68704 pts
2 Result Summary
Range Low Range Up Frequency Power Abs ALimit

1 Spurious Emissions

Span 12,749991 GHz

Spurious Emissions Measurement Results

The measured signal, including any spurious emissions, and optionally the detected
peaks are displayed in the Spurious Emissions measurement diagram. If defined, the
limit lines and the limit check results are also indicated. In addition to the graphical
results, a result table can be displayed to evaluate the measured powers and limit
check results (see also "Limit Lines in Spurious Measurements" on page 202). The
details of the evaluation list can be configured.

2 Result Summary

Range Low Range Up Frequency Power Abs ALimit
) kHz ) kHz iz

The following information is provided in the evaluation list for each range:

e
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Column Description

Range Low Frequency range start for the range the peak value belongs to

Range Up Frequency range end for the range the peak value belongs to

RBW RBW of the range

Frequency Frequency at the peak value

Power Abs Absolute power level at the peak value

ALimit Deviation of the absolute power level from the defined limit for the peak
value

By default, one peak per range is displayed. However, you can change the settings to:
® Display all peaks

® Display a certain number of peaks per range

® Display only peaks that exceed a threshold ("Margin")

® Display detected peaks as blue squares in the diagram, as well as in the peak list

1 Spurious Emissions

/S
A
e \/ v -/

CF 6.3750045 GHz 68704 pts

Span 12.749991 GHz

Furthermore, you can save the evaluation list to a file.

Retrieving Results via Remote Control

The measured spurious values of the displayed trace can be retrieved using the
TRAC:DATA? SPUR command (see TRACe<n>[:DATA] on page 832).

7.2.8.3 Spurious Emissions Basics

Some background knowledge on basic terms and principles used in Spurious Emis-
sions measurements is provided here for a better understanding of the required config-
uration settings.

e Ranges and Range SettingS.......cooviiiiiiiiiiiieicccriir e 202
e Limit Lines in Spurious Measurements..........ccccceeeeeeeeieiiiiiieeeeeeeeeceeeeeeeeeeeveeeeaaaeen 202
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Ranges and Range Settings

Conditions for ranges
The following rules apply to ranges:

® The minimum span of a range is 20 Hz.

® The individual ranges must not overlap (but can have gaps).

® The maximum number of ranges is 30

® The maximum number of sweep points in all ranges is limited to 100001.

You can define a span that is smaller than the combined span of the ranges. In this

case, the measurement includes only the ranges that lie within the defined span and
have a minimum span of 20 Hz.

Defining ranges by remote control
In Spurious Emissions measurements, there are no remote commands to insert new

ranges between existing ranges directly. However, you can delete or redefine the exist-
ing ranges to create the required order.

A remote command example for defining parameters and ranges in Spurious Emis-
sions measurements is described in Chapter 11.6.8.7, "Programming Example: Spuri-
ous Emissions Measurement”, on page 699.

Limit Lines in Spurious Measurements

Limit lines allow you to check the measured data against specified limit values. Gener-
ally, it is possible to define limit lines for any measurement in the Spectrum application
using the [Lines] key. For Spurious measurements, however, a special limit line is
available via the "Sweep List", and it is strongly recommended that you use only this
limit line definition.

In the "Sweep List", you can define a limit line that varies its level according to the
specified frequency ranges. A distinguished limit line is automatically defined according
to the current "Sweep List" settings every time the settings change. This limit line is
labeled "_SPURIOUS_LINE_ABS_<xxx>", where <xxx> is an index to distinguish limit
lines between different channel setups.

If a limit check is activated in the "Sweep List", the "_SPURIOUS_LINE_ABS_<xxx>"
limit line is indicated by a red line in the display. The result of the limit check is indica-
ted at the top of the diagram. Note that only "Pass" or "Fail" is indicated; a margin func-
tion as for general limit lines is not available. Also, only absolute limits can be checked,
not relative ones.
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As for general limit lines, the results of each limit line check are displayed (here:
" SPURIOUS_LINE_ABS_<xxx>"), as well as the combined result for all defined limit

lines ("Limit Check").

The limit check is considered to be " failed!" if any signal level outside the absolute lim-
its is measured.

If the limit check is activated, the limit line values for each range are displayed in the
evaluation list. Furthermore, the largest deviations of the absolute power from the limit
line for each range are displayed. Values that exceed the limit are indicated in red and
by an asterisk (*).

Although a margin functionality is not available for the limit check, a margin (threshold)
) for the peak values to be displayed in the evaluation list can be defined. Furthermore,
you can define how many peaks per range are listed. For details, see "List Evaluation”
on page 208.

7.2.8.4 Spurious Emissions Measurement Configuration

Access: "Overview" > "Select Measurement" > "Spurious Emissions"
The spurious emissions measurement is started immediately with the default settings.

The remote commands required to perform these tasks are described in Chap-
ter 11.6.8, "Measuring Spurious Emissions", on page 688.

@ SWEEP LSttt e e e e e e a——————————— 204
e Adjusting the X-Axis to the Range Definitions...........coooiccciiiiiiii e 207
O LSt EVAlUGLION......oiiii e 208
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Sweep List
Access: "Overview" > "Select Measurement" > "Spurious Emissions" > "Sweep List"

For Spurious Emissions measurements, the input signal is split into several frequency
ranges which are swept individually and for which different limitations apply.

If you edit the sweep list, always follow the rules and consider the limitations described
in "Ranges and Range Settings" on page 202.

Range 1 Range 2 Range 3 Range 4

Range Start 150 kHz 30 MHz 1 GHz

Range Stop 150 kHz 30 MHz 1 GHz 12,75 GHz

Filter Type Normal(3dB) | Normal(3dB) | Normal(3dB)  Normal(3dB)

REBW 1 kHz 10 kHz 100 kHz 1 MHz

VBW 3 kHz 30 kHz 300 kHz 3 MHz

Sweep Time Mode Auto Auto Auto Auto

Sweep Time 14.1 ms 29.9 ms 32.1ms 35.3 ms

Detector RMS RMS RMS RMS

Ref Level -10 dBm -10 dBm -10 dBm -10 dBm

RF Att Mode Auto Auto Auto Auto

RF Attenuation odB 0dB ode ode

Preamp Off Off Off Off

Sweep Points

Stop After Sweep

Transducer None None None None

Limit Check Absolute Absolute Absolute Absolute

Abs Limit Start -30 dBm -30 dBm -30 dBm -30 dBm

Abs Limit Stop -30 dBm -30 dBm -30 dBm -30 dBm

Insert Insert
before after
Range Range

Delete Adjust
Range X-Axis

SWEEP TiME MOAE....ciiiii ittt e e e e e e e e e e e e e e e e e e s nrereeeeees 205
Y=Y o T T T U 205
Detector

SWEEP POINES.....ciiiiiiiie et e et e e e e e e
Stop After Sweep....
I = 1 15T LT RPN
0 01 O =Y o) SRR
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Abs Limit Start/ ADS Limit STOP.ccciiii i 207
Insert before Range/ Insert after Range......coooueiiiiiiiiiiii e 207
Delete RANGE......o e e 207

Range Start / Range Stop
Sets the start frequency/stop frequency of the selected range.

You can define a span that is smaller than the overall span of the ranges. In this case,
the measurement includes only the ranges that lie within the defined span and have a
minimum span of 20 Hz.

Remote command:
[SENSe:]LIST:RANGe<ri>[:FREQuency] : STARt on page 691
[SENSe:]LIST:RANGe<ri>[:FREQuency] :STOP on page 692

Filter Type
Sets the filter type for this range.

For details on filter types, see Chapter 7.6.1.6, "Which Data May Pass: Filter Types",
on page 320.

Remote command:
[SENSe:]LIST:RANGe<ri>:FILTer:TYPE on page 692

RBW
Sets the RBW value for this range.

For details on the RBW, see Chapter 7.6.1.1, "Separating Signals by Selecting an
Appropriate Resolution Bandwidth", on page 317.

Remote command:
[SENSe:]LIST:RANGe<ri>:BANDwidth:RESolution on page 689

VBW
Sets the VBW value for this range.

For details on the VBW, see Chapter 7.6.1.2, "Smoothing the Trace Using the Video
Bandwidth", on page 318.

Remote command:
[SENSe:]LIST:RANGe<ri>:BANDwidth:VIDeo on page 690

Sweep Time Mode
Activates or deactivates the auto mode for the sweep time.

For details on the sweep time mode, see Chapter 7.6.1.7, "How Long the Data is Mea-
sured: Sweep Time", on page 320

Remote command:
[SENSe:]LIST:RANGe<ri>:SWEep:TIME:AUTO on page 696

Sweep Time
Sets the sweep time value for the range.

For details on the sweep time, see Chapter 7.6.1.7, "How Long the Data is Measured:
Sweep Time", on page 320
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Remote command:
[SENSe: ] LIST:RANGe<ri>:SWEep:TIME on page 695

Detector
Sets the detector for the range.

For details, refer to "Mapping Samples to sweep Points with the Trace Detector"
on page 386.

Remote command:
[SENSe: ] LIST:RANGe<ri>:DETector on page 691

Reference Level
Sets the reference level for the range.

For details on the reference level, see Chapter 7.5.1.1, "Reference Level",
on page 308.

Remote command:
[SENSe:]LIST:RANGe<ri>:RLEVel on page 695

RF Attenuation Mode
Activates or deactivates the auto mode for RF attenuation.

For details on attenuation, see Chapter 7.5.1.2, "RF Attenuation”, on page 309.

Remote command:
[SENSe:]LIST:RANGe<ri>:INPut:ATTenuation:AUTO on page 693

RF Attenuation
Sets the attenuation value for that range.

Remote command:
[SENSe:]LIST:RANGe<ri>:INPut:ATTenuation on page 693

Preamp
Switches the preamplifier on or off.

For details on the preamplifier, see "Preamplifier" on page 313.

Remote command:
[SENSe:]LIST:RANGe<ri>:INPut:GAIN:STATe on page 693

Sweep Points
Sets the number of sweep points for the specified range.

For details on sweep points, see Chapter 7.6.1.8, "How Much Data is Measured:
Sweep Points and Sweep Count", on page 321.

Remote command:
[SENSe:]LIST:RANGe<ri>:POINts[:VALue] on page 695

Stop After Sweep
This function is not available for the R&S FPL1000.
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Transducer
Sets a transducer for the specified range. You can only choose a transducer that fulfills
the following conditions:

® The transducer overlaps or equals the span of the range.
® The x-axis is linear.
® The unitis dB.

For details on transducers, see Chapter 9.7.1, "Basics on Transducer Factors",
on page 523.

Remote command:
[SENSe: ] LIST:RANGe<ri>:TRANsducer on page 696

Limit Check
Activates or deactivates the limit check for all ranges.

For details on limit checks, see "Limit Lines in Spurious Measurements" on page 202.
"ABSOLUTE" Signal is checked against absolute limit values
"NONE" No limit check is performed.

Remote command:
[SENSe:]LIST:RANGe<ri>:LIMit:STATe on page 694
CALCulate<n>:LIMit<1i>:FATIL? on page 914

Abs Limit Start/ Abs Limit Stop
Sets an absolute limit value at the start or stop frequency of the range [dBm].

Remote command:
[SENSe:]LIST:RANGe<ri>:LIMit:STARt on page 694
[SENSe:]LIST:RANGe<ri>:LIMit:STOP on page 694

Insert before Range/ Insert after Range

Inserts a new range to the left of the currently focused range (before) or to the right
(after). The range numbers of the currently focused range and all higher ranges are
increased accordingly. The maximum number of ranges is 30.

Delete Range

Deletes the currently focused range. The range numbers are updated accordingly.
Adjusting the X-Axis to the Range Definitions

Access: "Overview" > "Select Measurement" > "Spurious Emissions" > "Adjust X-Axis"

The frequency axis of the measurement diagram can be adjusted automatically so that
the span of all sweep list ranges corresponds to the displayed span. Thus, the x-axis
range is set from the start frequency of the first sweep range to the stop frequency of
the last sweep range.

Remote command:

[SENSe:]LIST:XADJust on page 699
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List Evaluation

Access: "Overview" > "Select Measurement" > "Spurious Emissions" > "List Evalua-
tion"

Configure the contents and display of the result list.

List Evaluation [ 4 X

List Evaluation State
Settings
Show Peaks

On Off
Margin 50.0dB
On Off

Details

Ewvaluation List

Decimal Separator Point Comma

Save

Peaks PEr RANGE. .....eiii e 209
Save Evaluation List..........eeeiiii e 209

List Evaluation State
Activates or deactivates the list evaluation.

Remote command:
TRACe<n>[:DATA] on page 832

Show Peaks
If activated, all peaks that have been detected during an active list evaluation are
marked with blue squares in the diagram.

Remote command:
CALCulate<n>:PEAKsearch:PSHow on page 698

|
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Margin

A margin functionality is not available for the limit check. However, you can define a
margin (=threshold) for the peak values to be displayed in the evaluation list. Only
peaks that exceed the margin value are displayed (also in the diagram, if activated).

Remote command:
CALCulate<n>:PEAKsearch:MARGin on page 698

Details

Configures how detailed the list in the Result Summary is.

On Includes all detected peaks (up to a maximum defined by "Peaks per Range").
Off Includes only one peak per range.

Remote command:
CALCulate<n>:ESPectrum:PEAKsearch:DETails on page 697

Peaks per Range

Defines the maximum number of peaks per range that are stored in the list. Once the
selected number of peaks has been reached, the peak search is stopped in the current
range and continued in the next range. The maximum value is 50.

Remote command:
CALCulate<n>:PEAKsearch:SUBRanges on page 698

Save Evaluation List

Exports the evaluation list of the Spurious Emissions measurement to an ASCII file for
evaluation in an external application. If necessary, change the decimal separator for
evaluation in other languages.

Define the file name and storage location in the file selection dialog box that is dis-
played when you select the "Save" function.

For details, see "How to Save the Spurious Emissions Evaluation List" on page 210.

Remote command:
MMEMory : STORe<n>:LIST on page 942
FORMat : DEXPort:DSEParator on page 918

How to Perform a Spurious Emissions Measurement

The following step-by-step instructions demonstrate how to perform spurious emis-
sions measurements.

@

For remote operation, see Chapter 11.6.8.7, "Programming Example: Spurious Emis-
sions Measurement”, on page 699.

1. Press the [MEAS] key, then select the "Spurious Emissions" measurement.
2. Define the span of the signal to be monitored in the general span settings.

3. Select the "Overview" softkey, then select the "Spurious Setup" button.
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The "Spurious Emissions" dialog box is displayed.

4. Split the frequency span of the measurement into ranges for signal parts with simi-
lar characteristics.
Define the required ranges in the "Sweep List" using the "Insert before Range" and
"Insert after Range" buttons, which refer to the currently selected range.

5. Define the measurement parameters for each range as required.

6. Optionally, define a limit check.

a) Activate the limit check by setting "Limit Check" to "ABSOLUTE". The limit
check is always activated or deactivated for all ranges simultaneously.

b) Define the limit line's start and stop values for each range of the signal. If a sig-
nal level higher than the defined limit is measured, the limit check fails, which
may indicate a spurious emission.

7. Configure the peak detection during a Spurious Emissions measurement: select
the "Evaluations" button in the "Overview".

e To indicate the determined peaks in the display, activate the "Show Peaks"
option.

e To restrict peak detection, define a "Margin". Only peaks that exceed this value
are detected.

e To allow for more peaks per range to be detected than the default 1, increase
the "Peaks per Range" value and set "Details" to "On".

8. Start a sweep.

The determined powers and limit deviations for each range are indicated in the
evaluation list. If activated, the peak power levels for each range are also indicated
in the diagram.

9. To save the evaluation list, export the results to a file as described in "How to Save
the Spurious Emissions Evaluation List" on page 210.
How to Save the Spurious Emissions Evaluation List

The evaluation list from a Spurious Emissions measurement can be saved to a file,
which can be exported to another application for further analysis, for example.

1. Configure and perform a Spurious Emissions measurement as described in Chap-
ter 7.2.8.5, "How to Perform a Spurious Emissions Measurement", on page 209.

2. Select the "Evaluations" button in the "Overview".

3. If necessary, change the "Decimal Separator" to "COMMA" for evaluation in other
languages.

4. Select the "Save" button.

5. In the file selection dialog box, select a storage location and file name for the result
file.
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6. Select the "Save" button.

The file with the specified name and the extension .dat is stored in the defined
storage location.

7.2.8.6 Reference: ASCIlI Export File Format (Spurious)

The file has a header containing important parameters for scaling, several data sec-
tions containing the sweep settings per range, and a data section containing the peak
list.

The header data is made up of three columns, separated by ';', with the syntax:

Parameter name; numeric value; basic unit

File contents Explanation

File header

Type;FPL1003 Model

Version;1.00; Firmware version

Date;31.Mar 11; Storage date of data set

Mode;ANALYZER; SPURIOUS; Operating mode and measurement function
Center Freq;13250000000.000000;Hz X-axis settings

Freq Offset;0.000000;Hz

Span;26499982000.000000;Hz

X-Axis;LIN;

Start;9000.000000;Hz
Stop;8000000000.000000;Hz

Level Offset;0.000000;dB Y-axis settings

Ref Position;100.000000;%

y-Axis;LOG;

Level Range;100.000000;dB

Trace settings

Trace Mode;CLR/WRITE;

Sweep Count;1;

TRACE 1:

Trace Mode;CLR/WRITE;

x-Unit;Hz;

y-Unit;dBm;

List evaluation settings

Margin;6.000000;s Peak List margin
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File contents Explanation
PeaksPerRange;25; Max. number of peaks per range to be detected
Values;3; Number of detected peaks

File data section

0;9000;150000;1000;79500;-25.006643295288086;- | Measured peak values:
12.006643295288086;PASS;

0;9000;150000;1000;101022.11126961483;-47.075
111389160156;-34.075111389160156;PASS;

0;9000;150000;1000;58380.171184022824;-47.079 . .
341888427734;-34.079341888427734;PASS; <resolution bandwidth of range>;

<frequency of peak>;

<range number>;
<start frequency>;

<stop frequency>;

<absolute power in dBm of peak>;

<distance to the limit line in dB>; (positive value
means above the limit)

<limit fail (pass = 0, fail =1)>;

7.2.9 Statistical Measurements (APD, CCDF)

To measure the amplitude distribution, the R&S FPL1000 has simple measurement
functions to determine both the Amplitude Probability Distribution (APD) and the Com-
plementary Cumulative Distribution Function (CCDF). Only one of the signal statistic
functions can be switched on at a time.

o  About the MeasUrEmMENtS. .....ccoiiii i e e 212
L I Y/ o oz= 1 I 2N o] o] o= 1 1 o] o - 213
® APD and CCDF RESUIS.....cuiiiiii ittt e e e e 213
e APD and CCDF Basics - Gated Triggering......ccccuueeeeeeeeeeiieiiecinireeeeeeeaeeeeseseennennns 215
e APD and CCDF Configuration.........ccccueeeieiieiiii e e e e 216
e How to Perform an APD or CCDF Measurement..........cccuuueiiiieiiiiiiniiiciieeeeeeennn 222
@ EXAMPIES. ... e e e aaaaaaaaaaaaaaeas 223
e Optimizing and Troubleshooting the Measurement.............cccccoiiiiiiiiiiieeenen, 226

7.2.9.1 About the Measurements

The probability of amplitude values can be measured with the Amplitude Probability
Distribution function (APD). During a selectable measurement time all occurring ampli-
tude values are assigned to an amplitude range. The number of amplitude values in
the individual ranges is counted and the result is displayed as a histogram.

Alternatively, the Complementary Cumulative Distribution Function (CCDF) can be dis-
played. It shows the probability that the mean signal power amplitude will be exceeded
in percent.

Only one of the signal statistic functions can be switched on at a time. When a statistic
function is switched on, the R&S FPL1000 is set into zero span mode automatically.
The R&S FPL1000 measures the statistics of the signal applied to the RF input with
the defined analysis bandwidth. To avoid affecting the peak amplitudes the video band-
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width is automatically set to 10 times the analysis bandwidth. The sample detector is
used for detecting the video voltage.

Statistic measurements on pulsed signals can be performed using a gated trigger. For
details see Chapter 7.2.9.4, "APD and CCDF Basics - Gated Triggering", on page 215.

7.2.9.2 Typical Applications

Digital modulated signals are similar to white noise within the transmit channel, but are
different in their amplitude distribution. In order to transmit the modulated signal without
distortion, all amplitudes of the signal have to be transmitted linearly from the output
power amplifier. Most critical are the peak amplitude values. Degradation in transmit
quality caused by a transmitter two port network is dependent on the amplitude of the
peak values as well as on their probability.

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

For signals of this kind, the transmitter must provide large reserves for the peak power
to prevent signal compression and thus an increase of the bit error rate at the receiver.
The peak power or the crest factor of a signal is therefore an important transmitter
design criterion. The crest factor is defined as the peak power to mean power ratio or,
logarithmically, as the peak level minus the average level of the signal. To reduce
power consumption and cut costs, transmitters are not designed for the largest power
that could ever occur, but for a power that has a specified probability of being excee-
ded (e.g. 0.01 %).

The statistical functions provide information on such signal criteria.

7.2.9.3 APD and CCDF Results

Amplitude Probability Distribution (APD)

As a result of the Amplitude Probability Distribution (APD) function, the probability of
measured amplitude values is displayed. During a selectable measurement time all
measured amplitude values are assigned to an amplitude range (bin). The number of
amplitude values in the individual ranges is counted and the result is displayed as a
histogram. Each bar of the histogram represents the percentage of measured ampli-
tudes within the specific amplitude range. The x-axis represents the amplitude values
and is scaled in absolute values (dBm).

The size of each amplitude range (bin) determines the resolution of the histogram and
is indicated in the channel bar, for example /0.70 dB. In this case, a single bar in the
histogram represents an amplitude range of 0.10 dB.
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/ 010dB ® AnBW 3 MHz
Att 14dB Meas Time 60 ms
1APD ® 15a Clrw
M1 M1[1] 0.158140600
-14.80 dBm

Spectrum 2

CF 2.414 GHz Ref 0.60 dBm

2 Result Summary Samples: 180000
Peak
Trace 1 -11.72dBm

In addition to the histogram, a result table is displayed containing the following informa-
tion:
® Number of samples used for calculation
® For each displayed trace:
— Mean amplitude
— Peak amplitude
— Crest factor

The crest factor is defined as the peak power to mean power ratio or, logarith-
mically, as the peak level minus the average level of the signal.

Complementary Cumulative Distribution Function (CCDF)

The Complementary Cumulative Distribution Function (CCDF) shows the probability
that the mean signal power amplitude will be exceeded in percent. The level above the
mean power is plotted along the x-axis of the graph. The origin of the axis corresponds
to the mean power level. The probability that a level will be exceeded is plotted along
the y-axis.

Ref Level 0.60 dBm & AnBW 3 MHz TRG:IFP
Att 14dB  Meas Time 60 ms
1 CCDF ® 15a Clrw

Spectrum 3

CF2.414 GHz Mean Pwr +20.00 dB |
2 Result Summary Samples: 180000
Mean Peak 10% 1% 0.1% 0.01%
Trace 1 -19.43 dBm -11.72 dBm 4.54dB 7.14dB 7.56dB 7.66dB

@ A red line indicates the ideal Gaussian distribution for the measured amplitude range.

The displayed amplitude range is indicated as "Mean Pwr" + "<x dB>"

In addition to the histogram, a result table is displayed containing the following informa-
tion:

® Number of samples used for calculation

|
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® For each displayed trace:

Mean Mean power

Peak Peak power

Crest Crest factor (peak power — mean power)

10 % 10 % probability that the level exceeds mean power + [x] dB
1% 1 % probability that the level exceeds mean power + [x] dB
0,1 % 0,1 % probability that the level exceeds mean power + [x] dB
0,01 % 0,01 % probability that the level exceeds mean power + [x] dB

Percent marker

In addition to the results for specific percentages in the table, a percent marker can be
activated for a freely selectable percentage. This marker indicates how many level val-
ues are over <x> % above the mean power.

Percent marker
As all markers, the percent marker can be moved simply by selecting it with a finger or
mouse cursor and dragging it to the desired position.

Diagram Scaling

The scaling for both the x-axis and y-axis of the statistics diagram can be configured.
In particular, you can restrict the range of amplitudes to be evaluated and the probabili-
ties to be displayed.

Remote commands:

CALCulate<n>:STATistics:CCDF:X<t>? on page 708

CALCulate<n>:STATistics:RESult<res>? on page 709

7.2.9.4 APD and CCDF Basics - Gated Triggering
Statistic measurements on pulsed signals can be performed using a gated trigger. An
external or power trigger is required as a time (frame) reference.

The gate ranges define the part of the measured data taken into account for the statis-
tics calculation. These ranges are defined relative to a reference point T=0. The gate
interval is repeated for each period until the end of the capture buffer.

The reference point T=0 is defined by the external trigger event and the instrument's
trigger offset.

For each trace you can define up to 3 separate ranges of a single period to be traced.
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7.2.9.5 APD and CCDF Configuration

Configuration consists of the following settings:

® Make sure the specified reference level is higher than the measured peak value
(see "Reference Level" on page 311).

BasiC SetiNGS. . iei i ———————————— 217
Gate Range Definition for APD and CCDF........coooiiiiiiiiiineeee e 218
e Scaling for Statistics Diagrams........c..eeeii it 220
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Basic Settings

Access: "Overview" > "Select Measurement" > "APD"/"CCDF" > "APD Config"/ "CCDF
Config"

The remote commands required to perform these tasks are described in Chap-
ter 11.6.9, "Analyzing Statistics (APD, CCDF)", on page 701.

CCDF [ 4 X

Percent Marker

Analysis Bandwidth [§3.0 MHz|

Number of Samples lesyiy

Gated Trigger On

Edit Gate Ranges

Adjust Settings

Both dialog boxes are identical except for the "Percent Marker" setting, which is only
available for CCDF measurements.

Percent Marker (CCDF ONIY)...uuuuiuiiiiiiiiiiie e e e e e e 217
Analysis BandWidth......... ..o 217
NUMDET Of SAMPIES. ... e e e e e e e e e e ennns 218
(€1 (= To [ 4T o 1=y PRSP 218
o [ A =) L= = o =R 218
F e 0L S Y=Y ui] e P PPPPPR 218

Percent Marker (CCDF only)

Defines a probability value. Thus, the power which is exceeded with a given probability
can be determined very easily. If marker 1 is deactivated, it is switched on automati-
cally.

Remote command:
CALCulate<n>:MARKer<m>:Y:PERCent on page 702

Analysis Bandwidth
Defines the analysis bandwidth.

For correct measurement of the signal statistics, the analysis bandwidth has to be
wider than the signal bandwidth in order to measure the peaks of the signal amplitude
correctly. To avoid influencing the peak amplitudes, the video bandwidth is automati-
cally set to 10 MHz. The sample detector is used for detecting the video voltage.

The calculated measurement time is displayed for reference only.

Remote command:
[SENSe: ]BANDwidth[:RESolution] on page 769

|
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Number of Samples
Defines the number of power measurements that are taken into account for the statis-
tics.

For statistics measurements with the R&S FPL1000, the number of samples to be
measured is defined instead of the sweep time. Since only statistically independent
samples contribute to statistics, the sweep or measurement time is calculated automat-
ically and displayed in the channel bar ("Meas Time"). The samples are statistically
independent if the time difference is at least 1/RBW. The measurement time is, there-
fore, expressed as follows:

Meas Time = Ngzmpies/RBW
For the R&S FPL1000, the maximum number of samples is approximately 20 million.

Remote command:
CALCulate<n>:STATistics:NSAMples on page 703

Gated Trigger
Activates and deactivates gating for statistics functions for the ACP and the CCDF
measurements. The gate ranges are defined using the Edit Gate Ranges function.

Remote command:
[SENSe: ] SWEep:EGATe: TRACe<t>[:STATe<gr>] on page 704

Edit Gate Ranges
Opens a dialog box to configure up to 3 gate ranges for each trace. For details see
"Gate Range Definition for APD and CCDF" on page 218.

Adjust Settings

Adjusts the level settings according to the measured difference between peak and min-
imum power for APD measurement or peak and mean power for CCDF measurement
in order to obtain maximum power resolution. Adjusts the reference level to the current
input signal.

Remote command:

CALCulate<n>:STATistics:SCALe:AUTO ONCE on page 706

Gate Range Definition for APD and CCDF

Access: "Overview" > "Select Measurement" > "APD"/"CCDF" > "APD Config"/ "CCDF
Config" > "Edit Gate Ranges"

You can configure gate ranges for gated triggering in statistical measurements.

For background information on defining gate ranges see Chapter 7.2.9.4, "APD and
CCDF Basics - Gated Triggering”, on page 215.

The remote commands required to perform these tasks are described in Chap-
ter 11.6.9.3, "Using Gate Ranges for Statistical Measurements”, on page 703.
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Gate Ranges

Trace 1 Trace 2 Trace 3 Trace 4 Trace 5 Trace 6

Comment

Period

Range 1 Use

Range 1 Start

Range 1 Stop

Range 2 Use

Range 2 Start

Range 2 Stop

Range 3 Use

Range 3 Start

Range 3 Stop

Up to three ranges can be defined for each of the six available traces.

COMIMENT ..ttt ettt et ettt aeseeeeeeeaaaaaaaaaseeeeseeeesesssessnsnnas 219
LY oo SRR 219
RANGE SX> USB..uuuiiiiiiiiiiii ettt e e e e e e s st e e e e e e e e e e e s ssesanbtataeeeeeaaaeeeesaannnnenes 219
RaNgE <X> Start/StOP....cco i 219
Comment

An optional comment can be defined for the gate range settings of each trace.

Remote command:
[SENSe: ] SWEep:EGATe: TRACe<t>:COMMent on page 703

Period
Length of the period to be traced. The period is the same for all traces. If you change
the period for one trace, it is automatically changed for all traces.

Make sure the defined period is not longer than the total measurement time of the cur-
rent measurement. Keep in mind that the measurement time depends on the band-
width and the number of samples (see "Number of Samples" on page 218). The cur-
rent measurement time is indicated as "Meas Time" in the channel bar.

Remote command:
[SENSe: ] SWEep:EGATe: TRACe<t>:PERiod on page 703

Range <x> Use
Activates tracing of the defined range during a gated measurement.

Remote command:
[SENSe: ] SWEep:EGATe: TRACe<t>[:STATe<gr>] on page 704

Range <x> Start/Stop

Defines the start and stop points of the range within the tracing period. Make sure the
value for the stopping time is smaller than the length of the period.
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Note: You can define the time values with a greater numerical resolution than is dis-
played; the values are only rounded for display.

Remote command:
[SENSe: ] SWEep:EGATe: TRACe<t>:STARt<gr> on page 704
[SENSe: ] SWEep:EGATe: TRACe<t>:STOP<gr> on page 705

Scaling for Statistics Diagrams
Access: "Overview" > "Amplitude" > "Scale" tab

Or: [AMPT] > "Scale Config"

For statistics displays, scale settings are available for both the y-axis and the x-axis.

The remote commands required to perform these tasks are described in Chap-
ter 11.6.9.4, "Scaling the Diagram"”, on page 705.

Amplitude Scale

Range ¥-Unit Pct

EETANEYEN 0.0 dBm YEVE 1.0

visiiilsl 1.0E-06

Adjust Settings Default Settings

Figure 7-32: Scale settings for CCDF diagram

In statistical diagrams, the x-axis displays the signal level values (= y-axis in standard
display), while the y-axis displays the probability of the values.

D N SRS 221
L REFLEVEL....vveeieeeiicect ettt 221
L Yo L= YRR 221
L Shifting the Display (OffSet).........c.eeerereeeeeeseeeeeeeeeeee et eesese e eeses e 221
T SR 221
L Y CUNit ettt ettt ettt ettt n e e nans 221
L YAMAXS YoMIN ittt 221
Default SetliNGS....uuuee i —————— 221
N [0S S 1= a4 o 1= U UUURPRPPN 222

|
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X-Axis
Defines the scaling settings for signal level values.

Ref Level < X-Axis

Defines the reference level for the signal levels in the currently active unit (dBm, dBuV,
etc.).

For the APD function this value corresponds to the right diagram border. For the CCDF
function there is no direct representation of this value on the diagram as the x-axis is
scaled relatively to the measured mean power.

Remote command:
CALCulate<n>:STATistics:SCALe:X:RLEVel on page 707

Range — X-Axis
Defines the level range in dB to be evaluated by the statistics measurement.

Remote command:
CALCulate<n>:STATistics:SCALe:X:RANGe on page 706

Shifting the Display (Offset) < X-Axis

Defines an arithmetic level offset. This offset is added to the measured level irrespec-
tive of the selected unit. The scaling of the x-axis is changed accordingly. The setting
range is +200 dB in 0.1 dB steps.

Remote command:
DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :RLEVel:OFFSet on page 777

Y-Axis
Defines the scaling settings for the probability distribution.

Y-Unit — Y-Axis
Defines the scaling type of the y-axis as either percentage or absolute. The default
value is absolute scaling.

Remote command:
CALCulate<n>:STATistics:SCALe:Y:UNIT on page 707

Y-Max/ Y-Min — Y-Axis

Defines the upper (max) and lower (min) limit of the displayed probability range. Values
on the y-axis are normalized which means that the maximum value is 1.0. The mini-
mum value must be in the range:

1E-9 < Y-Min < 0.1

The distance between "Y-Max" and "Y-Min" must be at least one decade.

Remote command:

CALCulate<n>:STATistics:SCALe:Y:UPPer on page 708
CALCulate<n>:STATistics:SCALe:Y:LOWer on page 707

Default Settings
Resets the x- and y-axis scalings to their preset values.
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X-axis ref level: -10 dBm
X-axis range APD: 100 dB
X-axis range CCDF: 20 dB
Y-axis upper limit: 1.0
Y-axis lower limit: 1E-6

Remote command:
CALCulate<n>:STATistics:PRESet on page 705

Adjust Settings

Adjusts the level settings according to the measured difference between peak and min-
imum power for APD measurement or peak and mean power for CCDF measurement
in order to obtain maximum power resolution. Adjusts the reference level to the current
input signal.

Remote command:

CALCulate<n>:STATistics:SCALe:AUTO ONCE on page 706

How to Perform an APD or CCDF Measurement

The following step-by-step instructions demonstrate how to perform basic statistic
measurements.

For remote operation, see Chapter 11.6.9.7, "Programming Example: Measuring Sta-
tistics", on page 709.

To start a basic statistic measurement

1. Press the [MEAS] key, then select the "APD" or "CCDF" measurement.

2. Start a sweep.
As soon as the defined number of samples have been measured, the statistical
evaluation is displayed.

To perform a statistic measurement using gate ranges

For pulsed signals, the transmission intervals should not be included in the statistical
evaluation. Thus, you must define gate ranges to be included in the measurement.

1. Press the [MEAS Config] key, then select the "APD Config" or "CCDF Config" soft-
key.

The "APD""APD" or "CCDF" dialog box is displayed.
2. Select the "Edit Gate Ranges" button.

3. Define the time period for which the input signal is to be analyzed, for example the
duration of 3 signal pulses.



Measurements and Results

4. For each active trace, define up to three ranges within the time period to be mea-
sured. In the example covering 3 pulses, you could define one range for each
pulse.

a) Assuming the external trigger determines T=0 as the start of the first pulse,
define the start time of range 1 at 0 s.

b) Define the stop time of range 1 at the duration of the first pulse.

c) Activate range 1 by setting "Range 1 Use" to On.

d) Define the start time of range 2 as (duration of pulse 1 + duration of interval)

e) Define the stop time of range 2 as (start time of range 2 + duration of pulse 2)

f) Activate range 2 by setting "Range 2 Use" to On.

g) Define the third range in the same way.

5. Start a sweep.

As soon as the defined number of samples have been measured, the statistical
evaluation is displayed. Only the signal levels within the pulse periods are consid-
ered.

7.2.9.7 Examples

Configuration Example: Gated Statistics

A statistics evaluation has to be done over the useful part of the signal between t3 and
t4. The period of the GSM signal is 4.61536 ms.

Trigger

Ext I—‘
t1 2 13 1415

t1: External positive trigger slope

t2: Begin of burst (after 25 us)

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 us)
t5: End of burst (after 602 ps)
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The instrument has to be configured as follows:

Trigger Offset t2-t1=25ps now the gate ranges are relative to t2
Range1 Start t3-t2=15ps start of range 1 relative to t2
Range1 End t4 —t2 =553 ps end of range 1 relative to t2

Measurement Example — Measuring the APD and CCDF of White Noise Gener-
ated by the R&S FPL1000

Setting the analysis bandwidth

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

A programming example demonstrating a statistics measurement in a remote environ-
ment is provided in Chapter 11.6.9.7, "Programming Example: Measuring Statistics",
on page 709.

1. Preset the R&S FPL1000.

2. Set the reference level to -60 dBm.

The R&S FPL1000's intrinsic noise is displayed at the top of the screen.

3. Select the "APD" measurement function from the "Select Measurement" dialog
box.

The R&S FPL1000 sets the frequency span to 0 Hz and measures the amplitude
probability distribution (APD). The number of uncorrelated level measurements
used for the measurement is 100000. The mean power and the peak power are
displayed in dBm. The crest factor (peak power — mean power) is output as well.
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/ 0.10dB ® AnBW 3 MHz
Att  0dB Meas Time 333 ms
1APD ® 15a Clrw

Spectrum

CF 1.5 GHz Ref -60.00 dBm
2 Result Summary Samples: 100000
Mean

Peak
Trace 1 -86.75 dBm -75.90 dBm

Figure 7-33: Amplitude probability distribution of white noise

4. Now select the "CCDF" measurement function from the "Select Measurement" dia-
log box.

Ref Level -60.00 dBm ® AnBW 3 MHz
Att 0dB Meas Time 33.3 ms
1 CCDF ® 15a Clrw

Spectrum

CF 1.5 GHz Mean Pwr +20.00 dB

2 Result Summary Samples: 100000
Mean Peak 10% 1% 0.1% 0.01%
Trace 1 -86.75 dBm -75.99 dBm 10.76 dB 3.68 dB 6.68 dB 8.48 dB 9.74 dB

Figure 7-34: CCDF of white noise

s
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7.2.10

7.2.101

7.2.10.2
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The CCDF trace indicates the probability that a level will exceed the mean power.
The level above the mean power is plotted along the x-axis of the graph. The origin
of the axis corresponds to the mean power level. The probability that a level will be
exceeded is plotted along the y-axis.

Optimizing and Troubleshooting the Measurement

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

® Make sure the defined bandwidth is wide enough for the signal bandwidth of the
device under test to be fully analyzed (see "Analysis Bandwidth" on page 217).

® |f the complete signal is be measured, increase the number of samples so that the
resulting measurement time is longer than one period of a bursted signal.

® |[f only parts of the signal are to be examined, define a trigger source and a gate.

Time Domain Power Measurement

The Time Domain Power measurement determines the power of a signal in the time
domain.

A time domain power measurement is only possible for zero span.

o About the Measurement..... ..o 226
o Time Domain Power RESUILS. . ... 226
e Time Domain Power Basics - Range Definition Using Limit Lines........................ 227
e Time Domain Power Configuration.........c.oooueeiiiiiiiiiiiiiec e 228
e How to Measure Powers in the Time Domain........cccccooieieieiiiieiieceieeececeeeeeee 229
e Measurement EXample........ccccuuuiiiiiiiiiie i 230

About the Measurement

Using the Time Domain Power measurement function, the R&S FPL1000 determines
the power of the signal in zero span by summing up the power at the individual mea-
surement points and dividing the result by the number of measurement points. Thus it
is possible to measure the power of TDMA signals during transmission, for example, or
during the muting phase. Both the mean power and the RMS power can be measured.

For this measurement, the sample detector is activated.

Time Domain Power Results

Several different power results can be determined simultaneously:
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Mode Description

Peak Peak value from the points of the displayed trace or a segment
thereof.

RMS RMS value from the points of the displayed trace or a segment
thereof.

Mean Mean value from the points of the displayed trace or a segment
thereof. The linear mean value of the equivalent voltages is calcula-
ted.

For example to measure the mean power during a GSM burst

Std Dev The standard deviation of the measurement points from the mean
value.

The result is displayed in the marker results, indicated by "Power" and the selected
power mode, e.g. "RMS". The measured values are updated after each sweep or aver-
aged over a user-defined number of sweeps (trace averaging).

Multiview Spectrum

Ref Level 0.00 dEm = RBW 1
Att 10dB = SWT 640 s VBW 1
TRG:IFP

1 Time Domain Power

1084-pts 64.0 ps/

Stimulus Response i Function Result
591.6 ps -102.34 dBm -11.02 dBm
-12.89 dBm
-13.03 dBm
1.62 dB

The results can also be queried using the remote commands described in Chap-
ter 11.6.10, "Measuring the Time Domain Power", on page 711.

7.2.10.3 Time Domain Power Basics - Range Definition Using Limit Lines

The range of the measured signal to be evaluated for the power measurement can be
restricted using limit lines. The left and right limit lines (S1, S2) define the evaluation
range and are indicated by vertical red lines in the diagram. If activated, the power
results are only calculated from the levels within the limit lines.

For example, if both the on and off phase of a burst signal are displayed, the measure-
ment range can be limited to the transmission or to the muting phase. The ratio
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R&S®FPL1000 The Spectrum Application (RF Measurements)

between signal and noise power of a TDMA signal for instance can be measured by
using a measurement as a reference value and then varying the measurement range.

In order to get stable measurement results for a limited evaluation range, usually a trig-
ger is required.

7.2.10.4 Time Domain Power Configuration

Access: "Overview" > "Select Measurement" > "Time Domain Power" > "Time Dom
Power Config"

Time Domain Power g X

Mean
Std Dev
Lirmits
State
Left

Right

The remote commands required to perform these tasks are described in Chap-
ter 11.6.10, "Measuring the Time Domain Power", on page 711.

ST U] S N 229
10 L RS =) (=R 229
Left Limit / Right Limit.......ccccuiiiieee e 229

User Manual 1178.3370.02 — 09 228



7.2.10.5

Measurements and Results

Results
Activates the power results to be evaluated from the displayed trace or a limited area
of the trace.

"Peak” Peak power over several measurements (uses trace averaging, Max
Hold)

"RMS" RMS value from the points of the displayed trace or a segment
thereof.

"Mean" Mean value from the points of the displayed trace or a segment
thereof. The linear mean value of the equivalent voltages is calcula-
ted.

"Std Dev" The standard deviation of the measurement points from the mean
value.

The measurement of the mean power is automatically switched on at
the same time.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:SUMMary:PPEak[:STATe] on page 713
CALCulate<n>:MARKer<m>:FUNCtion:SUMMary:PPEak:RESult? on page 716
CALCulate<n>:MARKer<m>:FUNCtion:SUMMary:RMS[:STATe] on page 713
CALCulate<n>:MARKer<m>:FUNCtion:SUMMary:RMS:RESult? on page 717
CALCulate<n>:MARKer<m>:FUNCtion:SUMMary:MEAN[:STATe] on page 713
CALCulate<n>:MARKer<m>:FUNCtion:SUMMary:MEAN:RESult? on page 715

Limit State
Switches the limitation of the evaluation range on or off. Default setting is off.

If deactivated, the entire sweep time is evaluated. If switched on, the evaluation range
is defined by the left and right limit. If only one limit is set, it corresponds to the left limit
and the right limit is defined by the stop frequency. If the second limit is also set, it
defines the right limit.

Remote command:
CALCulate<n>:MARKer<m>:X:SLIMits[:STATe] on page 848

Left Limit / Right Limit
Defines a power level limit for line S1 (left) or S2 (right).

Remote command:
CALCulate<n>:MARKer<m>:X:SLIMits:LEFT on page 848
CALCulate<n>:MARKer<m>:X:SLIMits:RIGHt on page 849

How to Measure Powers in the Time Domain

The step-by-step procedure to measure powers in the time domain is described here in
detail.

@

For remote operation, see Chapter 11.6.10.4, "Programming Example: Time Domain
Power", on page 719.
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To measure the power in the time domain
1. Select the [MEAS] key.

2. From the "Select Measurement" dialog box, select the "Time Domain Power" mea-
surement function.

3. Select the type of power measurement results to be determined by selecting the
corresponding softkeys.

4. To restrict the power evaluation range, define limits:

a) Select the "Time Dom Power Config" softkey to display the "Time Domain
Power" configuration dialog box.

b) Switch on the limits by setting the "Limit State" to "On".
The limit lines S1 and S2 are displayed.

c) Define the left limit (limit line S1), the right limit (S2), or both.

5. Start a sweep.
The measured powers are displayed in the marker results.

7.2.10.6 Measurement Example

This measurement example demonstrates the time domain power calculation for a
GSM burst.

Test setup:

Signal »| Signal
Genarator Analyzer

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

Frequency: 1.8 GHz
Level: -10 dBm
Modulation: GSM/EDGE
Procedure:

1. Preset the R&S FPL1000.

Set the center frequency to 1.8 GHz.
Set the RBW to 100 kHz.

Set the sweep time to 640 us.

Set the trigger source to "IF Power".

o o ~ w N

Define a trigger offset of -50 us.
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7. Select the "Time Domain Power" measurement function from the "Select Measure-
ment" dialog box.

8. In the Time Domain Power configuration dialog box, set all four results to "On".
9. Set the "Limit State" to "On".

10. Define the left limit at 326 us and the right limit at 538 us.
This range corresponds to the useful part of the GSM burst.

The mean power of the useful part of the GSM burst is calculated to be -13 dBm.

Multiview Spectrum

Ref Level 0.00 dEm = RBW 100 kHz
Att 1048 = SWT 640 s VBW 100 kHz
TRG:IFP
1 Time Domain Power

1001 pts

Stimulus Response i0 Function Result
591.6 ps -102.34 dBm ak -11.02 dBm
-12.89 dBm
-13.03 dBm
1.62 dB

7.2.11 Harmonic Distortion Measurement

The "Harmonic Distortion" measurement measures harmonics and their distortion,
including the total harmonic distortion.

o  ADbOUt the MEASUIEMENT........co i e e eeraaas 231
o  Harmonic Distortion BaSiCS........uoviiuiiiii e 232
o Harmonic Distortion RESUIES.......ccoiiiiiiiiiiieeeecc e 234
e Harmonic Distortion Configuration..............ucceiciiiiii e 235
e How to Determine the Harmonic Distortion...........ccooevveeiieeiiiiiiiiceeeeeeeecee e, 237

7.2.11.1 About the Measurement

With this measurement it is possible to measure the harmonics easily, for example
from a VCO. In addition, the total harmonic distortion (THD) is calculated.

For measurements in the frequency domain, the Harmonic Distortion measurement
starts with an automatic search for the first harmonic (= peak) within the set frequency
range. The center frequency is set to this frequency and the reference level is adjusted
accordingly.

For measurements in zero span, the center frequency remains unchanged.
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The Harmonic Distortion measurement then performs zero span sweeps at the center
frequency and at each harmonic, i.e. at frequencies that are a multiple of the center
frequency.

As a result, the zero span sweeps on all harmonics are shown, as well as the RMS
values and the total harmonic distortion (THD).

An application note discussing harmonics measurement is available from the Rohde &
Schwarz website:

1EF78: Measurement of Harmonics using Spectrum Analyzers

7.2.11.2 Harmonic Distortion Basics

Measuring the harmonics of a signal is a frequent problem which can be solved best
using a signal analyzer. In general, every signal contains harmonics. Harmonics are
generated by nonlinear characteristics, which add frequencies to a pure sinewave.
They can often be reduced by low pass filters. Since the signal analyzer itself has a
nonlinear characteristic, for example in its first mixer, measures must be taken to
ensure that harmonics produced in the signal analyzer do not cause spurious results. If
necessary, the fundamental wave must be attenuated selectively with respect to the
other harmonics with a high pass filter. Harmonics are particularly critical regarding
high-power transmitters such as transceivers because large harmonics can interfere
with other radio services.

Harmonic distortion can be determined as the level of the individual components, or as
the root mean square of all components together, the total harmonic distortion (THD).
The THD is set in relation to the power of the fundamental frequency (= center fre-
quency).

Obtainable dynamic range

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

As shown in Figure 7-35, the level of the 2"¢ harmonic drops by 20 dB if the level of the
fundamental wave is reduced by 10 dB.


http://www.rohde-schwarz.com/appnote/1EF78
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Figure 7-35: Extrapolation of the 1st and 2nd harmonics to the 2nd harmonic intercept at 40 dBm

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

dy=S.H.I-P, (1)

where:
d, = harmonic distortion
S.H.I. = second harmonic intercept
P, = mixer level/dBm

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

The formula for the internally generated level P, at the 2" harmonic in dBm is:
P;=2*P,-S.HI (2)

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

Rules for measuring high harmonic ratios

The following rules for measuring high harmonic ratios can be derived:

® Select the smallest possible IF bandwidth for a minimal noise floor.
® Select an RF attenuation which is high enough to measure the harmonic ratio only.
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The maximum harmonic distortion is obtained if the level of the harmonic equals the
intrinsic noise level of the receiver. The level applied to the mixer, according to (2), is:

P

i

{dBm+ IP2
2

P =

!

At a resolution bandwidth of 10 Hz (noise level -143 dBm, S.H.l. = 40 dBm), the opti-
mum mixer level is — 51.5 dBm. According to (1) a maximum measurable harmonic dis-
tortion of 91.5 dB minus a minimum S/N ratio of 4 dB is obtained.

Detecting the origin of harmonics

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

72113

High-sensitivity harmonics measurements

If harmonics have very small levels, the resolution bandwidth required to measure
them must be reduced considerably. The sweep time is, therefore, also increased con-
siderably. In this case, the measurement of individual harmonics is carried out with the
R&S FPL1000 set to a small span. Only the frequency range around the harmonics will
then be measured with a small resolution bandwidth.

Required measurement time

During the harmonics measurement, zero span sweeps are performed at the center
frequency and at each harmonic. The duration of each sweep ("Harmonic Sweep
Time", SWT) and the "Number of Harmonics" (n) are defined in the "Harmonic Distor-
tion" configuration dialog box. Thus, the required measurement time for the harmonic
distortion measurement (Cumulated Measurement Time, CMT) is:

CMT =n*SWT

The required measurement time is indicated as "CMT" in the channel bar.
Harmonic Distortion Results
As a result of the harmonics distortion measurement, the zero span sweeps of all

detected harmonics are shown in the diagram, separated by red display lines. This pro-
vides a very good overview of the measurement.
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MultiView

Ref Level 1
ALt
* 1AP Clrw

106¢pts

0 MHz ) 67 0 0 de
Power No - d Power
12.35 dBm 3 4, 1 -64.70 dBc
-43.91 dBc 7 ] 10 M -65.12 dBc
-57.16 dBc g8 -65.98 dBc
-65.47 dBc E v -65.26 dBc
-66.08 dBc 10 4 1 4 -64.40 dBc

In addition, a result table is displayed providing the following information:

® First harmonic frequency
® THD (total harmonic distortion), relative and absolute values

® For each detected harmonic:
— Frequency

- RBW
—  Power

Remote commands
The results can also be queried using remote commands.

The first harmonic frequency can be read out via the general center frequency com-
mand [SENSe: ] FREQuency:CENTer on page 760.

THD: CALCulate<n>:MARKer<m>:FUNCtion:HARMonics:DISTortion?
on page 722

List of harmonics:; CALCulate<n>:MARKer<m>:FUNCtion:HARMonics:LIST
on page 723

Harmonic Distortion Configuration

Access: "Overview" > "Select Measurement" > "Harmonic Distortion" > "Harmonic Dis-
tortion Config"

e
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Harmonic Distortion

Number of Harmonics

Harmonic Sweep Time

Harmonic RBW Auto on

Adjust Settings

The remote commands required to perform these tasks are described in Chap-
ter 11.6.11, "Measuring the Harmonic Distortion", on page 720.

NUMbeEr of HarmMONICS.........oiiiiieiice e et e e e e eab e e e e eees 236
HarmoniC SWEEP TiME...coeiiiiiiiiiiiiccrre et e e e e e e e e e e e aaaaaaeaees 236
HarmoniC RBW AULO........ ettt e e e e e e e e e e e e eerannes 236
AJUST SEEIINGS. ...t 236

Number of Harmonics
Defines the number of harmonics to be measured. The range is from 1 to 26. Default is
10.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:HARMonics:NHARmonics on page 721

Harmonic Sweep Time

Defines the sweep time for the zero span measurement on each harmonic frequency.
This setting is identical to the normal sweep time for zero span, see also "Sweep Time"
on page 324.

Remote command:
[SENSe: ] SWEep: TIME:AUTO on page 775

Harmonic RBW Auto

Enables/disables the automatic adjustment of the resolution bandwidth for Normal
(3dB) (Gaussian) filter types.

The automatic adjustment is carried out according to:

"RBW, = RBW, * n"

If RBW,, is not available, the next higher value is used.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:HARMonics:BANDwidth:AUTO
on page 721

Adjust Settings

If harmonic measurement was performed in the frequency domain, a new peak search
is started in the frequency range that was set before starting the harmonic measure-
ment. The center frequency is set to this frequency and the reference level is adjusted
accordingly.
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If harmonic measurement was performed in the time domain, this function adjusts the
reference level only.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:HARMonics:PRESet on page 722

7.211.5 How to Determine the Harmonic Distortion

In Chapter 7.9.6, "Measurement Example: Measuring Harmonics Using Marker Func-

@ tions", on page 384, measuring harmonics was described using marker functions. This
task can be performed much simpler using the Harmonic Distortion measurement, as
described in the following procedure.

For remote operation, see Chapter 11.6.11.5, "Example: Measuring the Harmonic Dis-
tortion", on page 723.

1. Select the "Harmonic Distortion" measurement function from the "Select Measure-
ment" dialog box.

2. Define the number of harmonics to be determined using the "Number of Harmon-
ics" softkey.

3. Perform a sweep.

The trace for the determined harmonics are displayed in the diagram, separated by
red display lines. The measured power for each harmonic in relation to the funda-
mental is indicated in the result table.

4. If the signal changes significantly during or after the harmonics measurement, use
the "Adjust Settings" function to adjust the settings automatically and restart the
measurement.

7.2.12 Third Order Intercept (TOI) Measurement

The third order intercept point of the R&S FPL1000 can be determined if a two-tone
signal with equal carrier levels is applied to the input.

CALCulate<n>:MARKer<m>:FUNCtion:TOI:RESult? on page 725

o About the TOI MeasuremMent........c.ccuiiiiiiiiie i 238
LI O 7= ] T SRS 238
@ TOI RESUIES...uutiiiiiiiee et e e e e e e e e e e e e e e e e e e aaasreaeees 242
L I 1@ 1B @7 o] o1 iTe U] = 111 o U URRTT 243
e How to Determine the Third Order Intercept.........oooooiiiiiiiei e 244
e Measurement Example — Measuring the R&S FPL1000's Intrinsic Intermodulation
.............................................................................................................................. 244



Measurements and Results

7.2.12.1 About the TOl Measurement

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

In order to measure the third order intercept point (TOI), a two-tone signal with equal
carrier levels is expected at the R&S FPL1000 input. Marker 1 and marker 2 (both nor-
mal markers) are set to the maximum of the two signals. Marker 3 and marker 4 are
placed on the intermodulation products.

The R&S FPL1000 calculates the third order intercept point from the level difference
between the first 2 markers and the markers 3 and 4 and displays it in the marker
table.

7.2.12.2 TOI Basics

If several signals are applied to a transmission two-port device with nonlinear charac-
teristic, intermodulation products appear at its output at the sums and differences of
the signals. The nonlinear characteristic produces harmonics of the useful signals
which intermodulate at the characteristic.

The frequencies of the intermodulation products are above and below the useful sig-
nals. The Figure 7-36 shows intermodulation products Pg; and Pg, generated by the
two useful signals Py; and Py,.
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Level
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Figure 7-36: Intermodulation products Ps1 and Ps2
The intermodulation product at f;, is generated by mixing the 2nd harmonic of useful
signal Py, and signal Py;.

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

fir =2 xf, —f (1)
fip =2 xfp —f41 (2)

Dependency on level of useful signals

The level of the intermodulation products depends on the level of the useful signals. If
the two useful signals are increased by 1 dB, the level of the intermodulation products
increases by 3 dB, which means that the spacing ap; between intermodulation signals

and useful signals is reduced by 2 dB. This is illustrated in Figure 7-37.
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Figure 7-37: Dependency of intermodulation products on level of useful signals

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

Calculation method

However, the intercept point can be calculated from the known line slopes and the
measured spacing ap; at a given level according to the following formula:

pP3=43 4 p
2

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

IP3 = 6—20 +(—20dBm) =10dBm
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Intermodulation-free dynamic range

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

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

Distortion free Dynamic Range

Dyn range / {1 MHz carrier offset)
dB
-40
T-ED
[~ =
60 = RUB 1 iz /’,;’gl
70 o= RVWE =/ 108-Ha
] —~1 L
80 1 R TR el ",/
— ~ =
80 - - m==8
h —
100 ﬁ"‘*“"—';‘i“‘“m Thermal Noige
LT T—+—L + FPhdse Moige
110 =
11
-120
-60 -50 -40 =30 =20 -10

B —
Mixer level fdBm

Figure 7-38: Intermodulation-free range as a function of level at the input mixer and the set resolution
bandwidth

(Useful signal offset = 1 MHz, DANL = -145 dBm/Hz, TOI = 15 dBm; typical values at 2
GHz)

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

Phase noise has a considerable influence on the intermodulation-free range at carrier
offsets between 10 and 100 kHz ( see Figure 7-39). At greater bandwidths, the influ-
ence of the phase noise is greater than it would be with small bandwidths. The opti-
mum mixer level at the bandwidths under consideration becomes almost independent
of bandwidth and is approx. -40 dBm.
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Distortion free Dynamic Range
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Figure 7-39: Intermodulation-free dynamic range as a function of level at the input mixer and of the
selected resolution bandwidth

(Useful signal offset = 10 to 100 kHz, DANL = -145 dBm/Hz, TOI = 15 dBm; typical val-
ues at 2 GHz).

If the intermodulation products of a DUT with a very high dynamic range are to be
measured and the resolution bandwidth to be used is therefore very small, it is best to
measure the levels of the useful signals and those of the intermodulation products sep-
arately using a small span. The measurement time will be reduced, in particular if the
offset of the useful signals is large. To find signals reliably when frequency span is
small, it is best to synchronize the signal sources and the R&S FPL1000.

7.212.3

TOI Results

As a result of the TOl measurement, the following values are displayed in the marker
area of the diagram:

Label Description

TOI Third-order intercept point for averaged levels (s. also Chapter 7.2.12.3, "TOI Results",
on page 242 and Figure 7-36):

Pu.avet (Pu-ave-Ps.ave)/2

TOI (max) Pumaxt (Pumax-Psmin)/2

TOI (min) Pumvint (Pumin-Ps.max)/2

M1 Maximum of first useful signal
M2 Maximum of second useful signal
M3 First intermodulation product

M4 Second intermodulation product
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MultiView =2 Spectrum ! .

Ref Level 0.00 dBm RBW 3 MHz SGL
Att 10dB SWT 79.5ms VBW 3 MHz Mode Auto Sweep
1TOI * 1AP Clrw
M2[1] -25.87 dBm
13.1970 GHz
M1[1] -47.77 dBm
9.2790 GHz

’

["“Jﬁ'\u["hrh[ ~ qj' I_,._[ L ‘ A

I vy Sy
CF 13.25 GHz 1001 pts . ) 2.65 GHz/ Span 26.5 GHz
2 Marker Table
Type Ref Trc X-Value Y-Value Function Function Result

M1 1 9.279 GHz -47.77 dBm

M2 1 13.197 GHz -25.87 dBm TOI -17.850 dBm
M3 1 5.308 GHz -75.35 dBm TOI (max) -1.134 dBm
M4 1 17.168 GHz -47.86 dBm TOI (min) -47.729 dBm

Remote command

The TOI can also be queried using the remote commands:
CALCulate<n>:MARKer<m>:FUNCtion:TOI:RESult? on page 725.
CALCulate<n>:MARKer<m>:FUNCtion:TOI:RESult:MAXimum? on page 725

CALCulate<n>:MARKer<m>:FUNCtion:TOT:RESult:MINimum? on page 726

7.2.12.4 TOI Configuration

Access: "Overview" > "Select Measurement" > "Third Order Intercept" > "TOI Config"

Third Order Intercept ‘ X
Marker 1

W =gl 5.281 GHz

W e 2.634 GHz

Marker 4 ASZALE gV

Search Signals

The remote commands required to perform these tasks are described in Chap-
ter 11.6.12, "Measuring the Third Order Intercept Point", on page 724.

Marker 1/Marker 2/Marker 3/Marker 4..........oouuueeeeeiieiiiee e ee et eeeaaa 244
7= Y= Lol TS o F= 244

|
User Manual 1178.3370.02 — 09 243



7.212.5

Measurements and Results

Marker 1/Marker 2/Marker 3/Marker 4
Indicates the detected characteristic values as determined by the TOl measurement
(see Chapter 7.2.12.3, "TOl Results", on page 242).

The marker positions can be edited; the TOl is then recalculated according to the new
marker values.

To reset all marker positions automatically, use the Search Signals function.

Remote command:

CALCulate<n>:MARKer<m>:X on page 845
CALCulate<n>:DELTamarker<m>:X on page 843
CALCulate<n>:DELTamarker<m>:X:RELative? on page 857

Search Signals
Performs a new search on the input signals and recalculates the TOI according to the
measured values.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:TOI:SEARchsignal ONCE on page 725

How to Determine the Third Order Intercept

The precise TOI for the R&S FPL1000 in relation to the input signals is provided in the
data sheet.

For remote operation, see Chapter 11.6.12.2, "Programming Example: Measuring the
TOI", on page 727.

7.2.12.6

1. Apply a two-tone signal with equal carrier levels to the R&S FPL1000 input.
2. Onthe R&S FPL1000, press the [MEAS] key.

3. Select the "Third Order Intercept" measurement function from the "Select Measure-
ment" dialog box.

The calculated TOl is indicated in the marker information. The markers required for
calculation are displayed in the marker table.

4. If the signal changes significantly during or after the TOI measurement, use the
"Search Signals" function to start a new signal search automatically and restart the
calculation of the TOI.

Measurement Example — Measuring the R&S FPL1000's Intrinsic Intermodulation

@

A programming example demonstrating a TOl measurement in a remote environment
is provided in Chapter 11.6.12.2, "Programming Example: Measuring the TOI",
on page 727.
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Test setup:
Signal
Generator 1 l
Coupler Spectrum
[- &6 dB] Analyzer
Signal T
Generator 2
Signal generator settings (e.g. R&S SMW):
Device Level Frequency
Signal generator 1 -4 dBm 799.6 MHz
Signal generator 2 -4 dBm 800.4 MHz

Setting up the measurement
1. Preset the R&S FPL1000.
2. Set the center frequency to 800 MHz and the frequency span to 3 MHz.
3. Set the reference level to -10 dBm and RF attenuation to 0 dB.
4

Set the resolution bandwidth to 710 kHz.
The noise is reduced, the trace is smoothed further and the intermodulation prod-
ucts can be seen clearly.

5. Setthe VBW to 1 kHz.

Measuring intermodulation using the Third Order Intercept (TOl) measurement
function

1. Press the [MEAS] key and select the "Third Order Intercept" measurement function
from the "Select Measurement" dialog box.

The R&S FPL1000 activates four markers to measure the intermodulation dis-
tance. Two markers are positioned on the useful signals and two on the intermodu-
lation products. The TOl is calculated from the level difference between the useful
signals and the intermodulation products. It is then displayed on the screen:



R&S®FPL1000 The Spectrum Application (RF Measurements)

MultiView  Spectrum

Ref Level -10.00 dBm = RBW 10 kHz
O0dB  SWT 419 ps = VBW  1kHz  Mode Auto FFT

M2[1] |

-.-n||1||

i

AL cLky W{‘Mpwuw‘ﬂmmﬂ# MR

CF 800,0 MHz 10 300.0 kHz/ Span 3.0 MHz
2 Marker Table
Type Ref Tre Stimulus Response Function Function Result
1 799.6004 MHz -11.15 dBm
800.3996 MHz -10.87 dBm TOL 25.3632 dBm
798.8012 MHz -81.23 dBm
801.1988 MHz -90.48 dBm

The third order intercept (TOI) is displayed in the marker information.

2. The level of a signal analyzer's intrinsic intermodulation products depends on the
RF level of the useful signals at the input mixer. When the RF attenuation is added,
the mixer level is reduced and the intermodulation distance is increased. With an
additional RF attenuation of 10 dB, the levels of the intermodulation products are
reduced by 20 dB. The noise level is, however, increased by 10 dB.

Increase the RF attenuation to 20 dB to reduce intermodulation products.

The R&S FPL1000's intrinsic intermodulation products disappear below the noise
floor.

MultiView

Ref Level -10 1 = RBW 10 kHz
= Att 3 SWT 419ps = VBW L kHz Mode Auto FFT
1TOI

G T IR T TR

1001 pts 300.0 kHz/ Span 3.0 MHz

Stmulus Response Function Function Result
799.6004 MHz -11.20 dBm
800.3996 MHz -10.92 dBm TOI 22.682 dBm
798.8012 MHz -77.68 dBm
801.1988 MHz -79.58 dBm
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7.213 AM Modulation Depth Measurement

7.2131

7.2.13.2

This measurement determines the AM modulation depth of an AM-modulated carrier.

o About the MeasuremMeNt.........coociiiiiiiiiie e 247
e AM Modulation Depth RESUIES.........cccoeiiiiiiiiiiiice e 247
e AM Modulation Depth Configuration.........cccceecviiieeiiciiee e 248
e Optimizing and Troubleshooting the Measurement..............ccccoiiiiiinniies 249
e How to Determine the AM Modulation Depth...........cccoiiiiiiiiiiiiiiie e 250

About the Measurement

The AM modulation depth, also known as a modulation index, indicates how much the
modulated signal varies around the carrier amplitude. It is defined as:

Mpeptn = Peak signal amplitude / unmodulated carrier amplitude

So for Mpepin = 0.5, for example, the carrier amplitude varies by 50% above and below
its unmodulated level, and for Mpgy, = 1.0 it varies by 100%.

When this measurement is activated, marker 1 is set to the peak level, which is consid-
ered to be the carrier level. Delta markers 2 and 3 are automatically set symmetrically
to the carrier on the adjacent peak values of the trace. The markers can be adjusted
manually, if necessary.

The R&S FPL1000 calculates the power at the marker positions from the measured
levels. The AM modulation depth is calculated as the ratio between the power values
at the reference marker and at the delta markers. If the powers of the two AM side
bands are unequal, the mean value of the two power values is used for AM modulation
depth calculation.

AM Modulation Depth Results

As a result of the AM Modulation Depth measurement, the following values are dis-
played in the marker area of the diagram:

Label Description

MDepth AM modulation depth in percent

M1 Maximum of the signal (= carrier level)

D2 Offset of next peak to the right of the carrier
D3 Offset of the next peak to the left of the carrier
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1 AM Mod Depth

1001 pis 100 ;o © Span 1,0 MHz

Stmulus Response unction Function Result
225.0 MHz -4.29 dBm
279.7 kHz -10.51 dB Mbapt! 59.718 %o
-279.7 kHz -10.49 dB

Remote command:

The AM modulation depth can also be queried using the remote command
CALCulate<n>:MARKer<m>:FUNCtion:MDEPth:RESult<t>? on page 728.

7.2.13.3 AM Modulation Depth Configuration

Access: "Overview" > "Select Measurement" > "AM Modulation Depth" > "AM Mod
Depth Config"

AM Modulation Depth ‘

(A 5,281 GHz

=Ty 0.0 Hz

Search Signals

The remote commands required to perform these tasks are described in Chap-
ter 11.6.13, "Measuring the AM Modulation Depth", on page 727.

Marker 1/Marker 2/MaArKEIE 3. .ot e et e et e e e e e e e e e e e e s eraaeaes 248
SEANCN SIGNQAIS......eeiiiiiiiiiie e nreas 249

Marker 1/Marker 2/Marker 3
Indicates the detected characteristic values as determined by the AM Modulation
Depth measurement:

|
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Marker Description

M1 Maximum of the signal (= carrier level)

D2 Offset of next peak to the right of the carrier
D3 Offset of the next peak to the left of the carrier

The marker positions can be edited; the modulation depth is then recalculated accord-
ing to the new marker values.

To reset all marker positions automatically, use the Search Signals function.

Note: Moving the marker positions manually. When the position of delta marker 2 is
changed, delta marker 3 is moved symmetrically with respect to the reference marker
1.

Delta marker 3, on the other hand, can be moved for fine adjustment independently of
marker 2.

Marker 1 can also be moved manually for re-adjustment without affecting the position
of the delta markers.

Remote command:

CALCulate<n>:MARKer<m>:X on page 845
CALCulate<n>:DELTamarker<m>:X on page 843
CALCulate<n>:DELTamarker<m>:X:RELative? on page 857

Search Signals
Performs a new search on the input signal and recalculates the AM Modulation Depth
according to the measured values.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:MDEPth:SEARchsignal ONCE
on page 728

7.2.13.4 Optimizing and Troubleshooting the Measurement

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

® Set the center frequency to the frequency of the device under test.

® Adjust the span so the peaks to the left and right of the carrier, produced by the AM
modulated signal, are clearly visible.
If the span is too wide, these signals may fall together with the carrier and the mea-
surement can not be performed.
If the span is too narrow, theses signals are outside of the measured span and the
delta markers can not find these peaks.
The rule of thumb is to set the span to three times the value of the AM modulation
frequency.
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7.2.13.5 How to Determine the AM Modulation Depth

The following step-by-step instructions demonstrate how to determine the AM modula-
tion depth.

For remote operation, see Chapter 11.6.13.2, "Example: Measuring the AM Modulation
Depth", on page 728.

1. Apply a modulated carrier signal to the R&S FPL1000 input.
2. On the R&S FPL1000, press the [MEAS] key.

3. Select the "AM Modulation Depth" measurement function from the "Select Mea-
surement" dialog box.

The calculated AM Modulation Depth is indicated in the marker information. The
markers required for calculation are displayed in the marker table.

4. If the signal changes significantly during or after the AM Modulation Depth mea-
surement, use the "Search Signals" function to start a new peak search automati-
cally and restart the calculation of the AM Modulation Depth.

7.2.14 Electromagnetic Interference (EMI) Measurement

The optional electromagnetic interference (EMI) measurement (R&S FPL1-K54) is suit-
able for measurements according to commercial and military electromagnetic compati-
bility (EMC) standards. The functionality of the measurement is particularly useful in
research and development.

The EMI measurement features:

® EMI marker functionality

® Marker demodulation

® Measurement bandwidths and detectors for EMI measurements
® | ogarithmic scaling of the frequency axis

e Additional predefined limit lines for EMC standards

® Predefined transducer factors

® Additional amplitude units, normalized to 1 MHz

® LISN control

o About the EMI Measurement........ ... it 251
o EMI Measurement RESUIS.......cuueeiiiiiiiiee e 251
o EMI Measurement BasiCS......cccouiiiiiiiiiiiiiee et 252
e EMI Measurement Configuration...........cceeeveeeiiiicccciiiiieeee e e e 261
®  EMI RESUIE ANAIYSIS.....cceiii ittt e e e e e e e e e e s ar e e e e e e e e e s e e annnnnes 270
o How to Perform EMI Measurements.........coccuuieieiiiiieieeiiiiieneeciieee e sseeee e sieeee s 270
e Measurement Example: Measuring Radio Frequency Interference...................... 272
e Optimizing and Troubleshooting EMI Measurements.........ccccccoeeieriiieeienicnnennn. 275
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7.2.14.1 About the EMI Measurement

EMI measurements can be very time-consuming, especially if weighting detectors are
required for the measurement. In addition, EMC testing often requires various proce-
dures to locate local EMI maxima. Such procedures are, for example, movements of
an absorbing clamp, variations in the height of the test antenna or the rotation of the
DUT.

Covering all test setups with one of the (slow) EMI weighting detectors over the
required frequency range would lead to very high measurement times.

Splitting the measurement procedure into several stages, however, can eliminate this
problem.

The first stage, or peak search, is used to get a rough idea about the location of peak
levels that may indicate interference over the required frequency range. This stage
uses a detector that allows for a fast sweep time, e.g. the peak detector.

During the second stage, or final test, the R&S FPL1000 performs the actual EMC test,
a refined measurement with detectors designed for and required by EMC standards. To
keep measurement times brief, the R&S FPL1000 performs a final measurement only
on frequencies you have marked with a marker or delta marker. You can assign a dif-
ferent detector to every marker and thus test a particular frequency easily for compli-
ance.

Optionally, you can activate audio demodulation of the signal at the peak marker posi-
tions during the final test (requires the optional additional interfaces R&S FPL1-B5).

After the final measurement, you can check the signal levels against specified limits.

7.2.14.2 EMI Measurement Results

As the result of an R&S FPL1 EMI measurement, the measured signal levels and
active markers are displayed in a Spectrum diagram.

1 EMI

Ms[1]
21.192060 GHz

| \ \/\ : . 1'5%;8531?12
qmﬂw{ﬁ\w/ﬁxm//h \w/\\mﬂfv

CF 13.17275583 GHz 32001 pts — 2,63 GHz/ Span 26.345511659 GHz

2 Result Summary
Type Ref Trace X-value Y-value i Line Name ALimit Final Result
M1 1 13.19705 GHz -25.87 dBm age === -25.87 dBm
1 9.27897 GHz -47.77 dBm --- -47.77 dBm
1 17.22103 GHz -47.86 dBm --- -47.86 dBm
1 5.255 GHz -75.28 dBm --- -75.28 dBm
1

1 21.19206 GHz -75.49 dBm - -75.49 dBm

3 Marker Table
X-Value Y-Value Function Function Result

13.19705 GHz -25.87 dBm

9.27897 GHz -47.77 dBm

17.22103 GHz -47.86 dBm

5.255 GHz -75.28 dBm

21.19206 GHz -75.49 dBm

Figure 7-40: EMI measurement results

|
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Initial peak search results - Marker Table

As a result of the initial peak search, the active markers are set to the positive peaks of
the measured signal.

If Auto peak search and limit lines are active, the active markers are set to the peak
delta values between the measured signal and the limit lines.

The active marker levels and positions are displayed in the Marker Table.

(Note: the marker results are also displayed in the Result Summary; in addition, the
Marker Table contains the marker results for those markers for which no final EMI test
is performed.)

Final test results - Result Summary

The results of the final EMI tests at the active marker frequencies are displayed in the
Result Summary.

The Result Summary provides the following information:

Label Description

Type Marker name

Ref Reference marker for delta markers

Trace Assigned trace

X-value Marker x-value (frequency for final test)

Y-value Marker y-value (level during inital measurement)
Final Test Detector used for final EMI test

Line name Line activated for limit check

A Limit Delta between measured level and limit line (if active)

The value is colored to indicate the following states:
® green: does not exceed limit

e yellow: within margin

® red: exceeds limit

Final Result | Value measured during final EMI test using specified detector at marker frequency

EMI Measurement Basics

Some background knowledge on basic terms and principles used in EMI measure-
ments is provided here for a better understanding of the required configuration set-
tings.
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Resolution Bandwidth and Filter Types

EMI testing requires resolution filters with a 6 dB bandwidth. The R&S FPL1000 EMI
measurement adds the following bandwidths that comply to commercial and military
standards to those already available with the base unit:

Commercial (CISPR, FFC etc.)

e 200 Hz
® OkHz
® 120 kHz

® 1 MHz (not with Quasipeak detector, see "Quasipeak detector (CISPR filter only)"
on page 255)

Military (MIL Std)

e 10Hz

® 100 Hz
e 1kHz

e 10 kHz
e 100 kHz
e 1MHz

For the Quasipeak, CISPR Average, or RMS Average detector, the bandwidth is fixed
depending on the frequency. For more information see "Detectors and Dwell Time"
on page 253.

Detectors and Dwell Time

The EMI measurement adds new detectors to those already available with the base
unit. The additional detectors are especially designed for and required by EMI applica-
tions.

The additional detectors are available only if the EMI (R&S FPL1-K54) measurement
option is installed and the filter type "CISPR" or "MIL" is selected (see "Resolution
Bandwidth and Filter Types" on page 253). The additional detectors can be selected for
the final test in the EMI measurement, or as trace detectors in zero span measure-
ments. For the initial peak search in the EMI measurement, these detectors are not
available.

The detector to be used for the initial peak search is configured in the trace settings
(see Chapter 7.10.1.2, "Trace Settings", on page 393), while the detector for the final
test is configured in the EMI marker settings, see "EMI Marker Configuration”

on page 261.
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6 Restrictions for the R&S FPL1000 using CISPR detectors

Specific detectors are available for EMI measurements using the CISPR filter (Quasi-
peak, CISPR Average, RMS Average). However, if any of the CISPR detectors are
used as trace detectors in a zero span measurement, the following detectors cannot be
used as trace detectors for other traces in the same display:

® Negative peak

® Auto peak
e Sample
e RMS

If you select a CISPR detector for a trace, any other active traces are automatically set
to "Auto detector", which uses the positive peak detector.

If you manually set a trace to use one of the non-CISPR detectors listed above, any
traces currently using a CISPR detector are automatically set to "Auto detector”.

CISPR detectors are only available under the following conditions:

® Trigger mode "Free Run" or "External” (trigger offset 20 only for "External")
® Gate mode: "Off"

® Span: "Zero Span"

Dwell time

EMC tests often require a specific dwell time for an EMI measurement. The dwell time
defines how long the R&S FPL1000 measures the signal at the individual frequencies.
Each detector needs a different period of time to fully charge and discharge; the indi-
vidual requirements on the dwell time are described for each detector. For details on
defining the dwell time for an R&S FPL1 EMI measurement see "Defining a Dwell Time
for the Final Measurement" on page 261.

Positive and negative peak detector

The maximum and minimum peak detectors display the maximum and minimum signal
level that was detected during the specified dwell time.

The minimum and maximum peak detectors are already available with the base unit.

Consider the following when defining the dwell time:
® Unmodulated signals: minimum time required by the detector
® Pulsed signals: the time must be long enough to capture at least one complete

pulse
Average detector

The average detector displays the average signal level of the samples that were collec-
ted during the specified dwell time.

The average detector is already available with the base unit.

Consider the following when defining the dwell time:
® Unmodulated signals: minimum time required by the detector
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® Pulsed signals: the time must be long enough to capture several complete pulses
(at least 10)

® The time is determined by the lowest modulation frequency to be averaged

RMS detector

The RMS detector displays the root mean square (RMS) value over the specified dwell
time. The integration time is the specified dwell time.

The RMS detector is already available with the base unit.

The same considerations apply to the dwell time as for the average detector.

Sample detector
The sample detector displays the last value from the samples allocated to a pixel.

The sample detector is used for noise or phase noise marker calculation. However, it is
unreliable if the displayed span is much greater then the resolution bandwidth or if the
tuning steps of the local oscillator are too large. The sample detector is not recommen-
ded for EMI tests.

Quasipeak detector (CISPR filter only)

The quasipeak detector displays the maximum signal level weighted to CISPR 16-1-1
that was detected during the dwell time.

The quasipeak detector is only available for the CISPR filter, and not for an RBW of
1 MHz.

The filter bandwidth and time parameters of the detector depend on the measured fre-
quency. The time lag of the simulated pointer instrument reflects the weighting factor of
the signal depending on its form, modulation, etc.

Table 7-16: Required parameters depending on frequency for CISPR quasipeak detector

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

Consider the following when defining the dwell time:

® Unknown signals: select a dwell time of at least 1 second to ensure that pulses
down to a frequency of 5 Hz are weighted correctly

® Known signals: shorter dwell time possible, as the signal level does not change
during the final measurement
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CISPR Average detector (CISPR filter only)

The CISPR Average detector displays a weighted average signal level according to
CISPR 16-1-1.

The average value according to CISPR 16-1-1 is the maximum value detected while
calculating the linear average value during the specified dwell time.

The CISPR Average detector is only available for the CISPR filter.

The CISPR Average detector is applied to measure pulsed sinusoidal signals with a
low pulse frequency, for example. It is calibrated with the RMS value of an unmodula-
ted sinusoidal signal. The average value is determined by lowpass filters of the 2nd
order (simulating a mechanical pointer instrument).

The filter bandwidth and time lag of the detector depend on the measured frequency.
The time lag of the simulated pointer instrument reflects the weighting factor of the sig-
nal depending on its form, modulation, etc.

Table 7-17: Required parameters depending on frequency for CISPR Average detector

Band A Band B Band C/D Band E
Frequency range <150 kHz 150 kHz to 30 MHz | 30 MHz to 1 GHz >1 GHz
IF bandwidth 200 Hz 9 kHz 120 kHz 1 MHz
Time lag of the 160 ms 160 ms 100 ms 100 ms
simulated pointer
instrument

Consider the following when defining the dwell time:

® Unknown signals: select a dwell time of at least 1 second to ensure that pulses
down to a frequency of 5 Hz are weighted correctly

® Pulsed signals or signals that fluctuate slowly: the dwell time must cover at
least the time until the first signal peak is measured; can require long dwell time

® unmodulated signals or signals with a high modulation frequency: the dwell
time must cover at least the time until the first signal peak is measured; usually
shorter than for pulsed signals

RMS Average detector (CISPR filter only)

The RMS Average detector is a combination of the RMS detector (for pulse repetition
frequencies above a corner frequency) and the Average detector (for pulse repetition
frequencies below the corner frequency). It thus achieves a pulse response curve with
the following characteristics:

® 10 dB/decade above the corner frequency

® 20 dB/decade below the corner frequency

The average value is determined by lowpass filters of the 2nd order (simulation of a
mechanical pointer instrument).

The RMS Average detector is only available for the CISPR filter.

The detector is used, for example, to measure broadband emissions and may replace
the quasipeak detector in the future.

|
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The detector parameters depend on the measured frequency. The time lag of the simu-
lated pointer instrument reflects the weighting factor of the signal depending on its
form, modulation, etc.

Table 7-18: Required parameters depending on frequency for RMS Average detector

Band A Band B Band C/D Band E
Frequency range <150 kHz 150 kHz to 30 MHz | 30 MHz to 1 GHz >1 GHz
IF bandwidth 200 Hz 9 kHz 120 kHz 1 MHz
Time lag of simula- | 160 ms 160 ms 100 ms 100 ms
ted pointer instru-
ment
Corner frequency 10 Hz 100 Hz 100 Hz 1 kHz

The same considerations apply to the dwell time as for the CISPR average detector.

Frequency Resolution - Sweep Points and Scaling

The number of sweep points defines the number of measurement values collected dur-
ing one sweep. Thus, increasing the sweep points also increases the accuracy of the
results regarding the frequency resolution.

Because EMI measurements often cover a large frequency range you should define an
adequate number of sweep points, especially when performing the measurement on a
logarithmic axis. As on a linear axis, the distance from one sweep point to the next is
calculated graphically on a logarithmic axis, and is not based on the frequency itself.
Thus, the frequency resolution between two sweep points deteriorates with higher fre-

quencies.
Il ] | | | 1 | | | 1 (| L L L1
1 |[ |I 1 | I ] | | LI || L L
Insufficient sweep points - Resoldtion fiter bandwidth Resolution fiter bandwidth
Fitter may miss a signal COVErs ONE SWeep point covers several sweep points

The resolution bandwidth should cover at least one sweep point (more is better). If this
condition is not met, signals or interferences could be missed during refined measure-
ment of narrowband interferers. If the distance between two sweep points is larger than
RBW/3, a warning is displayed in the status bar ("Increase Sweep Points").
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Example:
Linear axis:

T T I I I I R N

L 1 1 1 1 1 1 1 1 1
1MHz 10 MHz

With a linear axis, the distance between the sweep points is equal, e.g. 200 kHz.

Logarithmic axis:

R R R R R R R R R E R E R R E R R R EE R ]
i i i i i L L i

i ]
1Hz 1MHz 1GHz

With a logarithmic axis, the distance between sweep points is variable. In the spectrum
from 10 Hz to 100 Hz, the distance is a few Hz. Between 100 MHz and 1 GHz, the dis-
tance is several MHz.

The R&S FPL1000 EMI measurement supports a maximum of 200001 sweep points.

This number is based on typical bands measured with a single resolution bandwidth.
There are sufficient sweep points to make sure that a signal is found during the refined
measurement, even when covering 30 MHz to 1 GHz with logarithmic scaling and

120 kHz RBW.

Controlling V-Networks (LISN)

For measurements on power lines, the R&S FPL1 EMI measurement adds functionality
to control a line impedance stabilization network (LISN) directly. Thus you can deter-
mine the interference caused by power supplies and cables.

This feature requires the optional additional interfaces (R&S FPL1-B5).

You can connect the LISN to the user port of the R&S FPL1000. Control cables for the
various LISNs are available as accessories. The R&S FPL1000 then controls which
phase of the LISN is to be tested and outputs the information to the user port.

The R&S FPL1 EMI measurement supports several V-networks. For each type of net-
work, you can define the phase you want to test for interferences. The R&S FPL1 EMI
measurement allows you to test one phase at a time.

Table 7-19: Supported networks and phases

Network type Phases

Two-line V-networks

ESH3-Z5 N, L1

ENV216 N, L1

Four-line V-networks

ESH2-Z5 N, L1.L2, L3
ENV4200 N, L1.L2, L3
ENV432 N, L1.L2, L3
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For the ENV216 network, a 150 kHz high pass filter is available to protect the input of
the R&S FPL1000.

Using Transducer Factors

The R&S FPL1000 EMI measurement provides functionality to include transducer fac-
tors in the test setup. Transducers are devices like antennas, probes or current probes
that are connected to the R&S FPL1000 to measure interferences or useful signals.
The transducer converts the measured value such as field strength, current or RFI volt-
age into a voltage across 50 Q. During the measurement, the transducer is considered
a part of the instrument.

A transducer usually has a frequency-dependent transducer factor that includes the
frequency response of the corresponding device. During level measurement, the trans-
ducer factor automatically converts the results into the correct unit and magnitude. A
transducer factor consists of a maximum of 1001 reference values. Each reference
value includes frequency, unit and level.

The R&S FPL1 EMI measurement adds several predefined transducer factors. In addi-
tion you can also create new and edit existing transducer factors.

For more information see Chapter 9.7.1, "Basics on Transducer Factors",
on page 523 .

Initial Measurement - Peak Search

The purpose of an initial peak search is to find signals with a high interference level
quickly. The peak search is performed with a fast detector like the peak or average
detector. The initial peak search is the basis for a possible refined measurement of
interferences with the detectors specific to EMI measurements.

The results of the initial peak search are shown in the Marker Table (see Chap-
ter 7.2.14.2, "EMI Measurement Results", on page 251).

Peak searches can be performed automatically or manually.

Automatic peak search

If enabled, the automatic peak search starts as soon as you select the EMI measure-
ment and one or more markers are active. During automatic peak search, the

R&S FPL1000 looks for the strongest peaks in the frequency range you are measuring
and positions a marker on those peaks after each sweep. If a limit line is assigned to
the trace, the peak search is based on the level difference between the trace and the
limit line. For each active marker a peak is searched. You can use up to 16 markers
simultaneously.

The largest peak is always assigned to the active marker with the lowest number; sub-
sequent peaks are assigned to the active markers in ascending order.

The R&S FPL1000 allows you to distribute markers among several traces. If you do so,
the marker with the lowest number assigned to a particular trace is positioned on the
largest peak of the corresponding trace.
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Manual peak search

If automatic peak search is off, you can set the markers to any frequency you need
more information about manually. You can change the marker position with the rotary
knob or the cursor keys, or position it to a particular frequency with the number keys.

Setting markers is the same as setting markers in other Spectrum measurements. For
more information see Chapter 7.9, "Marker Usage", on page 345.

Searching for peaks over several traces

You can search for peaks on six traces simultaneously with a different weighting detec-
tor for each trace.

In this case, the R&S FPL1000 searches for peaks on all traces separatel