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Before putting the product into operation for
the first time, make sure to read the following

Safety Instructions

Rohde & Schwarz makes every effort to keep the safety standard of its products up to date and to offer
its customers the highest possible degree of safety. Our products and the auxiliary equipment required
for them are designed and tested in accordance with the relevant safety standards. Compliance with
these standards is continuously monitored by our quality assurance system. This product has been
designed and tested in accordance with the EC Certificate of Conformity and has left the manufacturer’s
plant in a condition fully complying with safety standards. To maintain this condition and to ensure safe
operation, observe all instructions and warnings provided in this manual. If you have any questions
regarding these safety instructions, Rohde & Schwarz will be happy to answer them.

Furthermore, it is your responsibility to use the product in an appropriate manner. This product is
designed for use solely in industrial and laboratory environments or in the field and must not be used in
any way that may cause personal injury or property damage. You are responsible if the product is used
for an intention other than its designated purpose or in disregard of the manufacturer's instructions. The
manufacturer shall assume no responsibility for such use of the product.

The product is used for its designated purpose if it is used in accordance with its operating manual and
within its performance limits (see data sheet, documentation, the following safety instructions). Using
the products requires technical skills and knowledge of English. It is therefore essential that the
products be used exclusively by skilled and specialized staff or thoroughly trained personnel with the
required skills. If personal safety gear is required for using Rohde & Schwarz products, this will be
indicated at the appropriate place in the product documentation.

Symbols and safety labels

A 1Bkg A — — ./77 A
i |
Observe Weight Danger of Warning! Attentlon._
. Lo ; . Ground Electrostatic
operating indication for electric Hot PE terminal Ground terminal sensitive
instructions units >18 kg shock surface devices
1 C | W == ~ ~ O
Supply Standby Direct Alternating D!rchaIternat Device fully protected
voltage indication current current (AC) ing current by double/reinforced
ON/OFF (DC) (DCI/AC) insulation
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Safety Instructions

Observing the safety instructions will help prevent personal injury or damage of any kind caused by
dangerous situations. Therefore, carefully read through and adhere to the following safety instructions
before putting the product into operation. It is also absolutely essential to observe the additional safety
instructions on personal safety that appear in other parts of the documentation. In these safety
instructions, the word "product” refers to all merchandise sold and distributed by Rohde & Schwarz,
including instruments, systems and all accessories.

Tags and their meaning
DANGER This tag indicates a safety hazard with a high potential of risk for the

user that can result in death or serious injuries.

WARNING This tag indicates a safety hazard with a medium potential of risk for the
user that can result in death or serious injuries.

CAUTION This tag indicates a safety hazard with a low potential of risk for the user
that can result in slight or minor injuries.

ATTENTION This tag indicates the possibility of incorrect use that can cause damage

to the product.

NOTE This tag indicates a situation where the user should pay special attention
to operating the product but which does not lead to damage.

Basic safety instructions

The product may be operated only under
the operating conditions and in the
positions specified by the manufacturer. Its
ventilation must not be obstructed during
operation. Unless otherwise specified, the
following requirements apply to

Rohde & Schwarz products:

IP protection 2X, pollution severity 2,
overvoltage category 2, use only in
enclosed spaces, max. operation altitude
max. 2000 m.

Applicable local or national safety
regulations and rules for the prevention of
accidents must be observed in all work
performed. The product may be opened
only by authorized, specially trained
personnel. Prior to performing any work on
the product or opening the product, the
instrument must be disconnected from the
supply network. Any adjustments,
replacements of parts, maintenance or
repair must be carried out only by technical

personnel authorized by Rohde & Schwarz.

Only original parts may be used for
replacing parts relevant to safety (e.qg.
power switches, power transformers,
fuses). A safety test must always be
performed after parts relevant to safety
have been replaced
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(visual inspection, PE conductor test,
insulation resistance measurement,
leakage current measurement, functional
test).

As with all industrially manufactured goods,
the use of substances that induce an
allergic reaction (allergens) such as
aluminum cannot be generally excluded. If
you develop an allergic reaction (such as a
skin rash, frequent sneezing, red eyes or
respiratory difficulties), consult a physician
immediately to determine the cause.

Depending on the function, certain products
such as RF radio equipment can produce
an elevated level of electromagnetic
radiation. Considering that unborn life
requires increased protection, pregnant
women should be protected by appropriate
measures. Persons with pacemakers may
also be endangered by electromagnetic
radiation. The employer is required to
assess workplaces where there is a special
risk of exposure to radiation and, if
necessary, take measures to avert the
danger.
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10.

11.

Safety Instructions

Operating the products requires special
training and intense concentration.
Disabled persons should not use the
products unless it is made certain that their
disability has no adverse effects while they
are operating the products.

Prior to switching on the product, it must be
ensured that the nominal voltage setting on
the product matches the nominal voltage of
the AC supply network. If a different voltage
is to be set, the power fuse of the product
may have to be changed accordingly.

In the case of products of safety class | with
movable power cord and connector,
operation is permitted only on sockets with
earthing contact and protective earth
connection.

Intentionally breaking the protective earth
connection either in the feed line or in the
product itself is not permitted. Doing so can
result in the danger of an electric shock
from the product. If extension cords or
connector strips are implemented, they
must be checked on a regular basis to
ensure that they are safe to use.

If the product has no power switch for
disconnection from the AC supply, the plug
of the connecting cable is regarded as the
disconnecting device. In such cases, it
must be ensured that the power plug is
easily reachable and accessible at all times
(length of connecting cable approx. 2 m).
Functional or electronic switches are not
suitable for providing disconnection from
the AC supply. If products without power
switches are integrated in racks or systems,
a disconnecting device must be provided at
the system level.

Never use the product if the power cable is
damaged. By taking appropriate safety
measures and carefully laying the power
cable, ensure that the cable cannot be
damaged and that no one can be hurt by
e.g. tripping over the cable or suffering an
electric shock.

The product may be operated only from
TN/TT supply networks fused with max.
16 A.

1171.0000.42-01.00

12.

13.

14.

15.

16.

17.

18.

19.

20.

Do not insert the plug into sockets that are
dusty or dirty. Insert the plug firmly and all

the way into the socket. Otherwise this can
result in sparks, fire and/or injuries.

Do not overload any sockets, extension
cords or connector strips; doing so can
cause fire or electric shocks.

For measurements in circuits with voltages
Vims > 30 V, suitable measures (e.g.
appropriate measuring equipment, fusing,
current limiting, electrical separation,
insulation) should be taken to avoid any
hazards.

Ensure that the connections with
information technology equipment comply
with IEC950/EN60950.

Never remove the cover or part of the
housing while you are operating the
product. This will expose circuits and
components and can lead to injuries, fire or
damage to the product.

If a product is to be permanently installed,
the connection between the PE terminal on
site and the product's PE conductor must
be made first before any other connection
is made. The product may be installed and
connected only by a skilled electrician.

For permanently installed equipment
without built-in fuses, circuit breakers or
similar protective devices, the supply circuit
must be fused in such a way that suitable
protection is provided for users and
products.

Do not insert any objects into the openings
in the housing that are not designed for this
purpose. Never pour any liquids onto or into
the housing. This can cause short circuits
inside the product and/or electric shocks,
fire or injuries.

Use suitable overvoltage protection to
ensure that no overvoltage (such as that
caused by a thunderstorm) can reach the
product. Otherwise the operating personnel
will be endangered by electric shocks.
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21.

22.

23.

24.

25.

Safety Instructions

Rohde & Schwarz products are not
protected against penetration of water,
unless otherwise specified (see also safety
instruction 1.). If this is not taken into
account, there exists the danger of electric
shock or damage to the product, which can
also lead to personal injury.

Never use the product under conditions in
which condensation has formed or can form
in or on the product, e.qg. if the product was
moved from a cold to a warm environment.

Do not close any slots or openings on the
product, since they are necessary for
ventilation and prevent the product from
overheating. Do not place the product on
soft surfaces such as sofas or rugs or
inside a closed housing, unless this is well
ventilated.

Do not place the product on heat-
generating devices such as radiators or fan
heaters. The temperature of the
environment must not exceed the maximum
temperature specified in the data sheet.

Batteries and storage batteries must not be
exposed to high temperatures or fire. Keep
batteries and storage batteries away from
children. If batteries or storage batteries are
improperly replaced, this can cause an
explosion (warning: lithium cells). Replace
the battery or storage battery only with the
matching Rohde & Schwarz type (see
spare parts list). Batteries and storage
batteries are hazardous waste. Dispose of
them only in specially marked containers.
Observe local regulations regarding waste
disposal. Do not short-circuit batteries or
storage batteries.

1171.0000.42-01.00

26.

27.

28.

29.

30.

Please be aware that in the event of a fire,
toxic gases that may be hazardous to your
health may escape from the product.

Please be aware of the weight of the
product. Be careful when moving it;
otherwise you may injure your back or other
parts of your body.

Do not place the product on surfaces,
vehicles, cabinets or tables that for reasons
of weight or stability are unsuitable for this
purpose. Always follow the manufacturer's
installation instructions when installing the
product and fastening it to objects or
structures (e.g. walls and shelves).

If you use the product in a vehicle, it is the
sole responsibility of the driver to drive the
vehicle safely. Adequately secure the
product in the vehicle to prevent injuries or
other damage in the event of an accident.
Never use the product in a moving vehicle if
doing so could distract the driver of the
vehicle. The driver is always responsible for
the safety of the vehicle; the manufacturer
assumes no responsibility for accidents or
collisions.

If a laser product (e.g. a CD/DVD drive) is
integrated in a Rohde & Schwarz product,
do not use any other settings or functions
than those described in the documentation.
Otherwise this may be hazardous to your
health, since the laser beam can cause
irreversible damage to your eyes. Never try
to take such products apart, and never look
into the laser beam.
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Informaciones de seguridad

Por favor lea imprescindiblemente antes de
la primera puesta en funcionamiento las
siguientes informaciones de seguridad

Informaciones de seguridad

Es el principio de Rohde&Schwarz de tener a sus productos siempre al dia con los estandards de
seguridad y de ofrecer a sus clientes el maximo grado de seguridad. Nuestros productos y todos los
equipos adicionales son siempre fabricados y examinados segun las normas de seguridad vigentes.
Nuestra seccion de gestion de la seguridad de calidad controla constantemente que sean cumplidas
estas normas. Este producto ha sido fabricado y examinado segin el comprobante de conformidad
adjunto segun las normas de la CE y ha salido de nuestra planta en estado impecable segin los
estandards técnicos de seguridad. Para poder preservar este estado y garantizar un funcionamiento
libre de peligros, debera el usuario atenerse a todas las informaciones, informaciones de seguridad y
notas de alerta. Rohde&Schwarz esta siempre a su disposicidbn en caso de que tengan preguntas
referentes a estas informaciones de seguridad.

Ademas queda en la responsabilidad del usuario utilizar el producto en la forma debida. Este producto
solamente fue elaborado para ser utilizado en la indulstria y el laboratorio o para fines de campo y de
ninguna manera debera ser utilizado de modo que alguna persona/cosa pueda ser dafiada. El uso del
producto fuera de sus fines definidos o despreciando las informaciones de seguridad del fabricante
queda en la responsabilidad del usuario. El fabricante no se hace en ninguna forma responsable de
consecuencias a causa del maluso del producto.

Se parte del uso correcto del producto para los fines definidos si el producto es utilizado dentro de las
instrucciones del correspondiente manual del uso y dentro del margen de rendimiento definido (ver
hoja de datos, documentacion, informaciones de seguridad que siguen). El uso de los productos hace
necesarios conocimientos profundos y el conocimeinto del idioma inglés. Por eso se debera tener en
cuenta de exclusivamente autorizar para el uso de los productos a personas péritas o debidamente
minuciosamente instruidas con los conocimientos citados. Si fuera necesaria indumentaria de
seguridad para el uso de productos de R&S, encontrara la informacién debida en la documentacion del
producto en el capitulo correspondiente.

Simbolos y definiciones de seguridad

VANV NP LIl | WP

iCuidado!
Elementos de

Informaciones
Ver manual

para Peligro de iCuidado! Conexion a . Conexion 9
de L - Conexion construcién
instrucciones | Maquinaria golpe de Superficie conductor a tierra a masa con peliaro de
del uso €on uns peso corriente caliente protector conductora car ’; 9
de > 18kg 9 ”
electroestatica
| O Ll) —_ N = D
Corrient Corrient El aparato esta
potencia EN Indicacién ormente 1 corriente orriente PrOtl?gi(éo ensu
continua continua/alterna | totalidad por un
MARCHA/PARADA Stand-by DC alterna AC DC/AC aislamiento de
doble refuerzo
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Informaciones de seguridad

Tener en cuenta las informaciones de seguridad sirve para tratar de evitar dafios y peligros de toda
clase. Es necesario de que se lean las siguientes informaciones de seguridad concienzudamente y se
tengan en cuenta debidamente antes de la puesta en funcionamiento del producto. También deberan
ser tenidas en cuenta las informaciones para la proteccion de personas que encontrardn en otro
capitulo de esta documentacion y que también son obligatorias de seguir. En las informaciones de
seguridad actuales hemos juntado todos los objetos vendidos por Rohde&Schwarz bajo la
denominacién de ,producto”, entre ellos también aparatos, instalaciones asi como toda clase de

Palabras de sefial y su significado

Indica un punto de peligro con gran potencial de riesgo para el
ususario.Punto de peligro que puede llevar hasta la muerte o graves

Indica un punto de peligro con un protencial de riesgo mediano para el
usuario. Punto de peligro que puede llevar hasta la muerte o graves

Indica un punto de peligro con un protencial de riesgo pequefio para el
usuario. Punto de peligro que puede llevar hasta heridas leves o

Indica la posibilidad de utilizar mal el producto y a consecuencia

accesorios.

PELIGRO

heridas.
ADVERTENCIA

heridas .
CUIDADO

pequefas
ATENCION

dafarlo.
INFORMACION

Indica una situacion en la que deberian seguirse las instrucciones en el
uso del producto, pero que no consecuentemente deben de llevar a un
dafio del mismo.

Informaciones de seguridad elementales

El producto solamente debe ser utilizado
segun lo indicado por el fabricante
referente a la situacion y posicion de
funcionamiento sin que se obstruya la
ventilacion. Si no se convino de otra
manera, es para los productos R&S
valido lo que sigue:

modo de proteccién IP 2X, grado de
suciedad 2, categoria de sobrecarga
eléctrica 2, utilizar solamente en
estancias interiores, utilizacion hasta
2000 m sobre el nivel del mar.

En todos los trabajos deberan ser
tenidas en cuenta las normas locales de
seguridad de trabajo y de prevencién de
accidentes. El producto solamente debe
de ser abierto por personal périto
autorizado. Antes de efectuar trabajos en
el producto o abrirlo debera este ser
desconectado de la corriente. El ajuste,
el cambio de partes, la manutencién y la
reparacion deberan ser solamente
efectuadas por electricistas autorizados
por R&S.Si se reponen partes con
importancia para los aspectos de
seguridad (por ejemplo el enchufe, los

1171.0000.42-01.00

transformadores o los fusibles),
solamente podran ser sustituidos por
partes originales.Despues de cada
recambio de partes elementales para la
seguridad debera ser efectuado un
control de seguridad (control a primera
vista, control de conductor protector,
medicion de resistencia de aislamiento,
medicion de medicion de la corriente
conductora, control de funcionamiento).

Como en todo producto de fabricacion
industrial no puede ser excluido en
general de que se produzcan al usarlo
elementos que puedan generar alergias,
los llamados elementos alergénicos (por
ejemplo el aluminio). Si se producieran
en el trato con productos R&S
reacciones alérgicas, como por ejemplo
urticaria, estornudos frecuentes, irritacion
de la conjuntiva o dificultades al respirar,
se debera consultar inmediatamente a
un médico para averigurar los motivos de
estas reacciones.

pagina 2



Informaciones de seguridad

Ciertos productos, como por ejemplo las
instalaciones de radiacion HF, pueden a
causa de su funcién natural, emitir una
radiacion electromagnética aumentada.
En vista a la proteccion de la vida en
desarrollo deberian ser protegidas
personas embarazadas debidamente.
También las personas con un bypass
pueden correr peligro a causa de la
radiacién electromagnética. El
empresario estd comprometido a valorar
y sefialar areas de trabajo en las que se
corra un riesgo de exposicién a
radiaciones aumentadas de riesgo
aumentado para evitar riesgos.

La utilizacién de los productos requiere
instrucciones especiales y una alta
concentracion en el manejo. Personas
minusvalidas solamente deberan utilizar
estos productos si esta por seguro de
que a causa de su handicap no podra
surgir ninguna restriccion en el manejo
del producto.

Antes de la puesta en marcha del
producto se debera tener por seguro de
gue la tensién preseleccionada en el
producto equivalga a la del la red de
distribucidn. Si es necesario cambiar la
preseleccion de la tension también se
deberan en caso dabo cambiar los
fusibles correspondientes del prodcuto.

Productos de la clase de seguridad | con
alimentaciéon movil y enchufe individual
de producto solamente deberan ser
conectados para el funcionamiento a
tomas de corriente de contacto de
seguridad y con conductor protector
conectado.

Queda prohibida toda clase de
interrupcion intencionada del conductor
protector, tanto en la toma de corriente
como en el mismo producto ya que
puede tener como consecuencia el
peligro de golpe de corriente por el
producto. Si se utilizaran cables o
enchufes de extension se debera poner
al seguro, que es controlado su estado
técnico de seguridad.

Si el producto no esta equipado con un
interruptor para desconectarlo de la red,
se debera considerar el enchufe del
cable de distribucién como interruptor.
En estos casos debera asegurar de que
el enchufe sea de facil acceso y nabejo
(medida del cable de distribucion
aproximadamente 2 m). Los interruptores

1171.0000.42-01.00

10.

11.

12.

13.

14.

15.

16.

17.

de funcién o electrénicos no son aptos
para la el corte de la red eléctrica. Silos
productos sin interruptor estan
integrados en construciones o
instalaciones, se debera instalar el
interruptor al nivel de la instalacion.

No utilice nunca el producto si esta
dafiado el cable eléctrico. Asegure a
través de las medidas de proteccion y de
instalacién adecuadas de que el cable de
eléctrico no pueda ser dafiado o de que
nadie pueda ser dafiado por él, por
ejemplo al tropezar o por un golpe de
corriente.

Solamente esta permitido el
funcionamiento en redes de distribucion
TN/TT aseguradas con fusibles de como
maximo 16 A.

Nunca conecte el enchufe en tomas de
corriente sucias o llenas de polvo.
Introduzca el enchufe por completo y
fuertemente en la toma de corriente. Si
no tiene en consideracion estas
indicaciones se arriesga a que se
originen chispas, fuego y/o heridas.

No sobrecargue las tomas de corriente,
los cables de extension o los enchufes
de extension ya que esto pudiera causar
fuego o golpes de corriente.

En las mediciones en circuitos de
corriente con una tension de entrada de
Ueff > 30 V se debera tomar las
precauciones debidas para impedir
cualquier peligro (por ejemplo medios de
medicién adecuados, seguros, limitacién
de tensidn, corte protector, aislamiento
etc.).

En caso de conexion con aparatos de la
técnica informéatica se debera tener en
cuenta que estos cumplan los requisitos
de la EC950/EN60950.

Nunca abra la tapa o parte de ella si el
producto esta en funcionamiento. Esto
pone a descubierto los cables y
componentes eléctricos y puede causar
heridas, fuego o dafios en el producto.

Si un producto es instalado fijamente en
un lugar, se debera primero conectar el
conductor protector fijo con el conductor
protector del aparato antes de hacer
cualquier otra conexion. La instalacion y
la conexion deberan ser efecutadas por
un electricista especializado.
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18.

19.

20.

21.

22.

23.

24,

25.

Informaciones de seguridad

En caso de que los productos que son
instalados fijamente en un lugar sean sin
protector implementado, autointerruptor
o similares objetos de proteccién, deberéa
la toma de corriente estar protegida de
manera que los productos o los usuarios
estén suficientemente protegidos.

Por favor, no introduzca ningun objeto
que no esté destinado a ello en los
orificios de la caja del aparato. No vierta
nunca ninguna clase de liquidos sobre o
en la caja. Esto puede producir corto
circuitos en el producto y/o puede causar
golpes de corriente, fuego heridas.

Asegurese con la proteccion adecuada
de que no pueda originarse en el
producto una sobrecarga por ejemplo a
causa de una tormenta. Si no se vera el
personal que lo utilice expuesto al peligro
de un golpe de corriente.

Los productos R&S no estan protegidos
contra el agua si no es que exista otra
indicacién, ver también punto 1. Si no se
tiene en cuenta esto se arriesga el
peligro de golpe de corriente o de dafios
en el producto lo cual también puede
llevar al peligro de personas.

No utilice el producto bajo condiciones
en las que pueda producirse y se hayan
producido liquidos de condensacién en o
dentro del producto como por ejemplo
cuando se desplaza el producto de un
lugar frio a un lugar caliente.

Por favor no cierre ninguna ranura u
orificio del producto, ya que estas son
necesarias para la ventilacién e impiden
que el producto se caliente demasiado.
No pongan el producto encima de
materiales blandos como por ejemplo
sofas o alfombras o dentro de una caja
cerrada, si esta no esté suficientemente
ventilada.

No ponga el producto sobre aparatos
que produzcan calor, como por ejemplo
radiadores o calentadores. La
temperatura ambiental no debe superar
la temperatura maxima especificada en
la hoja de datos.

Baterias y acumuladores no deben de
ser expuestos a temperaturas altas o al
fuego. Guardar baterias y acumuladores
fuera del alcance de los nifios. Si las
baterias o los acumuladores no son
cambiados con la debida atencién
existira peligro de explosion (atencién
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26.

27.

28.

29.

30.

celulas de Litio). Cambiar las baterias o
los acumuladores solamente por los del
tipo R&S correspondiente (ver lista de
piezas de recambio). Baterias y
acumuladores son deshechos
problemaéticos. Por favor tirenlos en los
recipientes especiales para este fin. Por
favor tengan en cuenta las
prescripciones nacionales de cada pais
referente al tratamiento de deshechos.
Nunca sometan a las baterias o
acumuladores a un corto circuito.

Tengan en consideracion de que en caso
de un incendio pueden escaparse gases
téxicos del producto, que pueden causar
dafios a la salud.

Por favor tengan en cuenta el peso del
producto. Muevanlo cuidadosamente ya
que el peso puede causar lesiones de la
espalda u otros dafios fisicos.

No sitde el producto encima de
superficies, vehiculos, estantes o mesas,
que por sus caracteristicas de peso o de
estabilidad no sean aptas para él. Siga
siempre las instrucciones de instalacion
del fabricante cuando instale y asegure
el producto en objetos o estructuras (por
ejemplo paredes y estantes).

Si llega a utilizar el producto dentro de
un vehiculo, queda en la responsabilidad
absoluta del conductor que conducir el
vehiculo de manera segura. Asegure el
producto dentro del vehiculo
debidamente para evitar en caso de un
accidente las lesiones u otra clase de
dafios. No utilice nunca el producto
dentro de un vehiculo en movimiento si
esto pudiera distraer al conductor.
Siempre queda en la responsabilidad
absoluta del conductor la seguridad del
vehiculo y el fabricante no asumira
ninguna clase de responsabilidad por
accidentes o colisiones.

Dado el caso de que esté integrado und
producto de laser en un producto R&S
(por ejemplo CD/DVD-ROM) no utilice
otras instalaciones o funciones que las
descritas en la documentacion. De otra
manera pondra en peligro su salud, ya
que el rayo laser puede dafiar
irreversiblemente sus ojos. Nunca trate
de descomponer estos productos. Nunca
mire dentro del rayo laser.
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Safety Regulations for Batteries (according to BattV)
This equipment houses a battery containing harmful
substances that must not be disposed of as normal
household waste.

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

Kundeninformation zur Batterieverordnung (BattV)
Dieses Gerat enthalt eine schadstoffhaltige Batterie.
Diese darf nicht mit dem Hausmiuill entsorgt werden.
Nach Ende der Lebensdauer darf die Entsorgung nur
Uber eine Rohde&Schwarz-Kundendienststelle oder eine
geeignete Sammelstelle erfolgen.

Consignes de sécurité pour batteries (selon BattV)
Cet appareil est équipé d'une pile comprenant des
substances nocives. Ne jamais la jeter dans une
poubelle pour ordures ménageéres.

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

PF 095.5140-0699






Certified Quality System

DIN EN ISO 9001
DIN EN

2000
2003
1996

9100
DIN EN 1SO 14001

DQS REG. NO 001954 QM/ST UM
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FSL-B10 1300.6208.02 GPIB Interface

FSL-B22 1300.5953.02 RF Amplifier

FSL-B30 1300.6308.02 DC Power Supply
FSL-B31 1300.6408.02 NIMH Battery Pack
FSL-Z4 1300.5430.02 Additional Charger Unit

complies with the provisions of the Directive of the Council of the European Union on the
approximation of the laws of the Member States
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- relating to electromagnetic compatibility
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R&S FSL Documentation Overview

Documentation Overview

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

e Operating Manual

e Service Manual

e Online Help

Quick Start Guide

This manual is delivered with the instrument in printed form and in PDF format on the CD. It provides
the information needed to set up and start working with the instrument. Basic operations and basic
measurements are described. Also a brief introduction to remote control is given. More detailed
descriptions are provided in the Operating Manual. The Quick Start Guide includes general information
(Safety Instructions, Certificate of Quality, EU Certificate of Conformity, Support Center Address) and
the following chapters:

Chapter 1 Front and Rear Panel

Chapter 2 Putting into Operation

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

Chapter 5 Basic Measurement Examples

Chapter 6 Brief Introduction to Remote Control

Appendix A Printer Interface

Appendix B LAN Interface

Operating Manual

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

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

Chapter 1 Putting into Operation, see Quick Start Guide chapters 1 and 2
Chapter 2 Advanced Measurement Examples

Chapter 3 Manual Control, see Quick Start Guide chapter 4

Chapter 4 Instrument Functions

Chapter 5 Remote Control - Basics

Chapter 6 Remote Control - Commands
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Chapter 7 Remote Control - Programming Examples
Chapter 8 Maintenance
Chapter 9 Error Messages

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

Service Manual

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

Chapter 1 Performance Test
Chapter 2 Adjustment
Chapter 3 Repair
Chapter 4 Software Update / Installing Options
Chapter 5 Documents
Online Help

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

Conventions Used in the Documentation

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

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

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

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

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

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

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

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

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

— Configuring Automatic Loading
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Test Setup

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

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

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

1. Switch on the internal reference generator.

— Press the SETUP key.

— Press the Service softkey.

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

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

2. Switch on the RF input again for normal operation of the analyzer. Two ways are possible:

— Press the PRESET key

— Press the SETUP key.

— Press the Service softkey.

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

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

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

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

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

As shown in Fig. 2—1, the level of the 2" harmonic drops by 20 dB if the level of the fundamental wave
is reduced by 10 dB.

Level display
/ dBm A

50 9
/

40 1 // 2nd harmonic
77 intercept point /
30 + 7/ dBm
/
1 s/
1st harmonic Y 4 /
10 + /
7
0o + / /
/
-10 1 /\

=20

-30 -

-30 =20 -10/0 10 20 30 40 50 RF level
=50 T /dBm

~60 4+

-70 4+

Fig. 2—1 Extrapolation of the 1st and 2nd harmonics to the 2nd harmonic intercept at 40 dBm

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

d=SHI-P, (1)

do = harmonic distortion
P = mixer level/dBm
S.H.L. = second harmonic intercept
Note: The mixer level is the RF level applied to the RF input minus the set RF attenuation.

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

P, =2 P~ S.H.L(2)
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The lower measurement limit for the harmonic is the noise floor of the spectrum analyzer. The harmonic
of the measured DUT should — if sufficiently averaged by means of a video filter — be at least 4 dB
above the noise floor so that the measurement error due to the input noise is less than 1 dB.

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

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

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

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

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

Level:

—25dBm

Procedure:

1. Set the spectrum analyzer to its default state.

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

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

Press the FREQ key.

The frequency menu is displayed.

In the dialog box, enter 728 using the numeric keypad and confirm with the MHz key.
Press the SPAN key.

In the dialog box, enter 100 using the numeric keypad and confirm with the kHz key.

The R&S FSL displays the reference signal with a span of 100 kHz and resolution bandwidth of
3 kHz.

3. Switching on the marker.

Press the MKR key.

The marker is positioned on the trace maximum.

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

Press the Phase Noise/Ref Fixed softkey.

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

Press the Ref Fixed softkey.

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

Fregquency

Peak
Search

CF 128.0 MHz SPARN 100.0 kHz

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

5. Make the step size for the center frequency equal to the signal frequency

Press the FREQ key.
The frequency menu is displayed.
Press the CF-Stepsize softkey and press the = Marker softkey in the submenu.

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

6. Set the center frequency to the 2" harmonic of the signal

Press the FREQ key.
The frequency menu is displayed.
Press the UPARROW key once.

The center frequency is set to the 2" harmonic.

7. Place the delta marker on the 2™ harmonic.

Press the MKR-> key.
Press the Peak softkey.

The delta marker moves to the maximum of the 2" harmonic. The displayed level result is
relative to the reference point level (= fundamental wave level).
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Select
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Fig. 2-3 Measuring the level difference between the fundamental wave (= reference point
level) and the 2™ harmonic

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

Separating Signals by Selecting an Appropriate Resolution
Bandwidth

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

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

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

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

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

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

SWT =k e Span/RBW? (1)

SWT = max. sweep time for correct measurement

k = factor depending on type of resolution filter
= 1 for digital IF filters

Span = frequency display range

RBW = resolution bandwidth

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

Note: The impact of the video bandwidth on the sweep time is not taken into account in (1). For the
formula to be applied, the video bandwidth must be > 3 x the resolution bandwidth.

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

SWT =k -span/RBW  (2)

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

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

The frequencies of the intermodulation Products are above and below the useful signals. Fig. 2—4
shows intermodulation products P,; and p? generated by the two useful signals Py and Pys,.

Lavel
A

Pu1 Puz

Ps1 Psz

Af Af Af

»
>

fs1 ful fuz fsz Freguency
Fig. 2-4 Intermodulation products Pys and Py,

The intermodulation product at f, is generated by mixing the 2nd harmonic of useful signal Py, and
signal Py, the intermodulation product at f;; by mixing the 2nd harmonic of useful signal Py, and signal
PU2.

fu=2xf1—=F2 (1)

fo=2xf2—TFu (2
The level of the intermodulation products depends on the level of the useful signals. If the two useful
signals are increased by 1 dB, the level of the intermodulation products increases by 3 dB, which

means that spacing ap; between intermodulation signals and useful signals are reduced by 2 dB. This is
illustrated in Fig. 2-5.
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Fig. 2-5 Dependence of intermodulation level on useful signal level

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

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

p3=203 , p
2 (3)

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

IP3 =%+(—20d8m)=10d8m (4)
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Measurement example — Measuring the R&S FSL's intrinsic intermodulation

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

Generator 2

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

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

Procedure:

1. Set the spectrum analyzer to its default settings.
— Press the PRESET key.
The R&S FSL is in its default state.

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

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

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

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

— Press the Video BW Manual softkey and enter 7 kHz.

5. Measuring intermodulation by means of the 3" order intercept measurement function
— Press the MEAS key.
— Press the TOI softkey.
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The R&S FSL activates four markers for measuring the intermodulation distance. Two markers
are positioned on the useful signals and two on the intermodulation products. The 3" order
intercept is calculated from the level difference between the useful signals and the
intermodulation products. It is then displayed on the screen:

All
Functions
OFF

Tims
Domamn 1

CF 1.0 GHz SPAN 3.0 MHz

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

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

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

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

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

The R&S FSL's intrinsic intermodulation products disappear below the noise floor.
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Fig. 27 If the RF attenuation is increased, the R&S FSL's intrinsic intermodulation products
disappear below the noise floor.

Calculation method:

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

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

TOl/dBm = Y2 d3 + P,

Intermodulation— free dynamic range

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

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

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

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

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

mixer and of the selected resolution bandwidth (useful signal offset = 10 to 100 kHz, DANL = -145 dBm
/Hz, TOI = 15 dBm); typical values at 2 GHz).

Note: If the intermodulation products of a DUT with a very high dynamic range are to be measured
and the resolution bandwidth to be used is therefore very small, it is best to measure the
levels of the useful signals and those of the intermodulation products separately using a small
span. The measurement time will be reduced- in particular if the offset of the useful signals is
large. To find signals reliably when frequency span is small, it is best to synchronize the signal
sources and the R&S FSL.
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Measuring Signals in the Vicinity of Noise

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

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

Impact of the RF attenuation setting

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

Impact of the resolution bandwidth

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

Impact of the video bandwidth

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

Impact of the detector

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

1300.2519.12 2.16 E-3



R&S FSL Measuring Signals in the Vicinity of Noise

Measurement example — Measuring level at low S/N ratios

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

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

Level: — 80 dBm
1. Set the spectrum analyzer to its default state.
— Press the PRESET key.
The R&S FSL is in its default state.

2. Set the center frequency to 128 MHz and the frequency span to 100 MHz.
— Press the FREQ key and enter 128 MHz.
— Press the SPAN key and enter 700 MHz.

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

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

Detector
Auto
Select

Detector
Manual
Salect

CF 128.0 MH= SPAN 99.5 MH=

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

— Press the Trace Mode key.

— In the Trace Mode dialog box, mark Average using the rotary knob or the arrow keys and

confirm using the rotary knob or the ENTER key.

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

distinguished from noise.

Detector
Auto
Select

Detector
Manual
Salect

PR

SPAN 99.5 MH=

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

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

— Press the Trace Mode key.

— In the Trace Mode dialog box, mark Clear Write using the rotary knob or the arrow keys and

confirm using the rotary knob or the ENTER key.
— Press the BW key.
— Press the Video BW Manual softkey and enter 70 kHz.

The RF signal can be more clearly distinguished from noise.
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SPAN 99.5 MH=

Fig. 2-12 RF sinewave signal with low S/N ratio if a smaller video bandwidth is selected.

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

— Press the Res BW Manual softkey and enter 300 kHz.

The displayed noise is reduced by approx. 10 dB. The signal, therefore, emerges from noise by
about 10 dB. Compared to the previous setting, the video bandwidth has remained the same,
i.e. it has increased relative to the smaller resolution bandwidth. The averaging effect of the
video bandwidth is therefore reduced. The trace will be noisier.

Video BWwW

Sweeptime
Manual

Filter
Type

SPAN 99.5 MH=

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

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

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

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

Measuring Noise Power Density

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

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

Test setup:
No signal connected to the RF input; RF input terminated with 50 Q.

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

2. Set the center frequency to 1.234 GHz and the span to 1 MHz.
— Press the FREQ key and enter 1.234 GHz.
— Press the SPAN key and enter 7 MHz.

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

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

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

— In the Trace Mode dialog box, mark Average using the rotary knob or the arrow keys and
confirm pressing the rotary knob or the ENTER key.

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

Conversion to other reference bandwidths

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

Example

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

Calculation method for noise power

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

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

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

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

Detector selection

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

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

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

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

Example

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

NF =—-143 + 174 = 31 dB

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

Correction 1 —
factorindB ~ P
2 ,//
/
-3
T/
6 /
-7
o
|
-9
/
-10

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

Total power/intrinsic noise power in dB

Fig. 2-14  Correction factor for measured noise power as a function of the ratio of total power to the
intrinsic noise power of the spectrum analyzer
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Measurement of Noise Power within a Transmission
Channel

Noise in any bandwidth can be measured with the channel power measurement functions. Thus the
noise power in a communication channel can be determined, for example. If the noise spectrum within
the channel bandwidth is flat, the noise marker from the previous example can be used to determine the
noise power in the channel by considering the channel bandwidth. If, however, phase noise and noise
that normally increases towards the carrier is dominant in the channel to be measured, or if there are
discrete spurious signals in the channel, the channel power measurement method must be used to
obtain correct measurement results.

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

Test setup:
The RF input of the R&S FSL remains open—circuited or is terminated with 50 Q.

Procedure:

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

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

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

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

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

— Press the CP/ACP Config softkey.
The submenu for configuring the channel is displayed.
— Press the Channel Settings softkey.

The submenu for channel settings is displayed.
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— Press the Channel Bandwidth softkey and enter 7.23 MHz.

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

— Press the Adjust Settings softkey.

The settings for the frequency span, the bandwidth (RBW and VBW) and the detector are
automatically set to the optimum values required for the measurement.

Akt 0O dB

L] | . 1 |p} :: I. T fi-T :_ T . II'" !| 1 I .':_. |il_
I'.';F__I.l'] GHz EE"“" ii_M_Hz Adjust
T% Channel

T Ref Level
Bandwidth 1.229 MHz | Power ab

Fig. 2-15 Measurement of the R&S FSL's intrinsic noise power in a 1.23 MHz channel
bandwidth.

5. Stabilizing the measurement result by increasing the sweep time
— Press the A key twice.
The main menu for channel and adjacent channel power measurement is displayed.
— Press the Sweep Time softkey and enter 7 s.

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

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

/L

7/
38”7

Resolution filter

k——————  Channel bandwith ——

Fig. 2-16  Approximating the channel filter by sweeping with a small resolution bandwidth

The following steps are performed:

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

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

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

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

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

Parameter settings

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

Sweep time selection

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

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

If the RMS detector is used, the repeatability of the measurement results can be influenced by the
selection of sweep times. Repeatability is increased at longer sweep times.
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Repeatability can be estimated from the following diagram:
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Fig. 2-17  Repeatability of channel power measurements as a function of the number of samples
used for power calculation

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

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

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

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

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

Nyecorr = SWT - RBW (Ngecorr means uncorrelated samples)

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

Example

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

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

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

Test setup:

Signal
generator

P R&S FSL

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

Level: 0 dBm

Procedure:

1. Set the spectrum analyzer to its default state.
— Press the PRESET key.
R&S FSL is in its default state.

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

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

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

The R&S FSL activates phase noise measurement. Marker 1 (=main marker) and marker 2 (=
delta marker) are positioned on the signal maximum. The position of the marker is the
reference (level and frequency) for the phase noise measurement. A horizontal line represents
the level of the reference point and a vertical line the frequency of the reference point. The
dialog box for the delta marker is displayed so that the frequency offset at which the phase
noise is to be measured can be entered directly.
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5. Set the frequency offset to 10 kHz for determining phase noise.
— Enter 10 kHz.

The R&S FSL displays the phase noise at a frequency offset of 10 kHz. The magnitude of the
phase noise in dBc/Hz is displayed in the delta marker output field at the top right of the screen
(Phn2).

6. Stabilize the measurement result by activating trace averaging.
— Press the TRACE key.

— Press the Trace Mode key.

— In the Trace Mode dialog box, mark Average using the rotary knob or the arrow keys and
confirm using the rotary knob or the ENTER key.

DEtEctor
Auto
Select

Detector
Manual
Salect

CF 128.0 MH= SPAN 50.0 kH=

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

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

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

Measuring Channel Power and Adjacent Channel Power

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

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

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

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

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

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

Measurement using a channel filter

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

The R&S FSL has test routines for simple channel and adjacent channel power measurements. These
routines give quick results without any complex or tedious setting procedures.
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Measurement example 1 — ACPR measurement on an CDMA 2000 signal

Test setup:

Signal
generator

»| R&S FSL

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

Level:

0 dBm

Modulation: CDMA 2000

Procedure:

1. Set the spectrum analyzer to its default state.

Press the PRESET key.

The R&S FSL is in its default state.

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

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

3. Set the reference level to +10 dBm.

Press the AMPT key and enter 10 dBm.

4. Configuring the adjacent channel power for the CDMA 2000 MCA1.

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

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

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

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

Press the Adjust Ref Level softkey.

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

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

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

Compared to the measurement time per channel given by the span (= 5 MHz) and sweep time
(= 100 ms, equal to 1.66 ms per 30 kHz channel) used in the example, this is a far longer dwell
time on the adjacent channels (factor of 12). In terms of the number of uncorrelated samples
this means 20000/33 us = 606 samples per channel measurement compared to 1667/33us =
50.5 samples per channel measurement.
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Repeatability with a confidence level of 95% is increased from + 1.4 dB to + 0.38 dB as shown
in Fig. 2—17. For the same repeatability, the sweep time would have to be set to 1.2 s with the
integration method. Fig. 2—20 shows the standard deviation of the results as a function of the

sweep time.
ACPR Repeatability IS95
IBW Method

1,4

1,2 N
N R Adjacent channels
308 S
s U
2 Alternate channel \\ 4
5} 4 ernate channels
g 0,6 \
® 04 Tx channel "§‘§:

0,2 1 — |||

0 T
10 100 1000

Sweep time/ms

Fig. 2-20 Repeatability of adjacent channel power measurement on CDMA 2000 standard
signals if the integration bandwidth method is used

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

The R&S FSL measures the power of each channel with zero span. The trace represents
power as a function of time for each channel (see Fig. 2—23). The numerical results over
consecutive measurements become much more stable.

CP / ACP
Config

Fast ACP
On oOff

i F'I:"

CF 850.0 MHz 23.5 ms/

Tx Channel

Bandwidth 1.229 MHz | Power -0.76 dBm

Adjacent Channel

Bandwidth 30.000 kHz | Lower

Spacing 750.000 kHz | Upper

Alternate Channel : Adjust
Bandwidth 30.000 kHz | Lower 75.74 dB

Ref Level

Spacing 1.980 MHz | Upper -75.76 dB

Fig. 2-21 Measuring the channel power and adjacent channel power ratio for 2000 MC1
signals with zero span (Fast ACP)
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Fig. 2—22 shows the repeatability of power measurements in the transmit channel and of
relative power measurements in the adjacent channels as a function of sweep time. The
standard deviation of measurement results is calculated from 100 consecutive measurements
as shown in Fig. 2—22. Take scaling into account if comparing power values.

ACPR IS95 Repeatability

0,35 .
0,3 1 3&\
0,25 A x
001’2 B \\\icemchannels
’ "
] > £, |

0,1
Sl |

Standard dev /dB
|

-
Txchannel Alternate channels =X

0,05 A Ai ~ A i )

0 4 > g g

10 100 —» 1000
Sweep time/ms

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

Note on adjacent channel power measurements on 2000 MC1 base-station signals:

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

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

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

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

signal

Test setup:

Signal
generator

P R&S FSL

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

Level:

4 dBm

Modulation: 3 GPP W-CDMA Reverse Link

Procedure:

1. Set the spectrum analyzer to its default state.

Press the PRESET key.

The R&S FSL is in its default state.

2. Set the center frequency to 1950 MHz.

Press the FREQ key and enter 7950 MHz.

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

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

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

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

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

Press the Adjust Ref Level softkey.

The R&S FSL sets the optimum RF attenuation and the reference level for the power in the
transmission channel to obtain the maximum dynamic range. The following figure shows the
result of the measurement.
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CF 1.95 GHz Span 25.7 MHz
Tx Channel Fast ACP
Bandwidth 3.840 MHz Power 2.08 dBm On [Off

Adjacent Channel
Bandwidth 3.840 MHz | Lower -55.08 dB

Spacing 5.000 MHz | Upper

Alternate Channel

T T Adjust
Bandwidth 3.840 MHz | Lower -a28.6/1 «
T P Ref Level
Spacing 10.000 MHz | Upper 59.13 dB

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

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

The R&S FSL measures the power of the individual channels with zero span. A root raised

cosine filter with the parameters o = 0.22 and chip rate 3.84 Mcps (= receive filter for 3SGPP W-
CDMA) is used as channel filter.
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=1+

CF 1.95 GHz 135.0 ps/
Tx Channel Fast ACP
Bandwidth 3.840 MHz | Power 2,62 dem | [REUEE

Adjacent Channel
| Bandwidth z | Lower -56.47 dB

Spacing .ooo z | Upper

Alternate Channel

e Adjust
Bandwidth 3.840 MHz | Lower ¥
T P Ref Level
Spacing 10.000 MHz | Upper ! 3 db

Fig. 2-25 Measuring the adjacent channel power of a W—CDMA signal with the fast ACP
mode

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

Optimum Level Setting for ACP Measurements on W-CDMA Signals

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1. Set the spectrum analyzer to its default state.

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

2. Configure the R&S FSL for APD measurement
— Press the AMPT key and enter —-60 dBm.
The R&S FSL's intrinsic noise is displayed at the top of the screen.
— Press the MEAS key.
— Press the More softkey.
— Press the APD softkey.

The R&S FSL 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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Att O dB
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Fig. 2-27 Amplitude probability distribution of white noise

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

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

4. Bandwidth selection

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

5. Selecting the number of samples

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

SWT = NSamp[eS /RBW
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Measurement Examples of the WLAN TX
Measurements Option (K91)

This chapter describes measurement examples for the WLAN TX Measurements option (K91) and
gives details to signal processing. For further information on measurement examples refer to chapter
"Advanced Measurement Examples" or the Quick Start Guide, chapter 5 "Basic Measurement
Examples".

This option is available from firmware version 1.20.

Basic Measurement Example

This section helps the user to quickly become familiar with the WLAN TX Measurements option (K91)
by working step—by—step through an ordinary measurement. The following steps are described:

1. Setting up the measurement
2. Performing the level detection
3. Performing the main measurement

In this example, a DUT using IEEE 802.11a is be used. The DUT is connected to the analyzer using the
RF input of the analyzer. The DUT generates a signal modulated using 16QAM.

Setting up the measurement

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

2. Press the Settings softkey once to select and open the General Settings dialog box.

General Settings

Signal Characieristics
Standard IEEE 802.11g |
Frequency 1 GHz
Channel Mo
Level Settings
Signal Level Auto Ll 109 dBm
Ext Al 0 d8
Data Capture Settings
Caplure Time 1 ms
Blurst Count
Analyze Bursts H—
Sweap Count
Trigger Settings
Trigger Mode  |Free Run
Tnnger Offset i . Marker1 Q
Power Level Auto L - -
K ) E
Swap 10
Advanced Setfings
Min: NAA L EER L

— Select the Frequency field and enter the desired frequency to measure.
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— If afrequency is entered, which maps to a specific channel, the Channel No field updates.

— Deactivate the Auto Level option. In this example the level detection measurement is executed
manually (for details see Performing the level detection).

3. Press the Settings softkey once to select and open the Demod Settings dialog box.

Demod Settings N settings
Burst To Anakyze 109dBm  |Exlemal Aft O General
Use Header Corten®g S0 i PeoULen 138 ] | Demod

Burst Type OFDM

Auto Demodulation |

Analyze PSDU Mod 54 Mbps B4 (1AM
Equal Burst Length |

Channel Estimation |Preamble

Min Payload Len. 4 pdt Symb i
Max Payload Len, 5464 ps 1366 Symb

Tracking
Phase '

Tirming
Level
Filers

Transmit Filter Ao ey Marker 1 Q 5.0495 I
Recewe Filier Auto i

Min: NAA M NI

— Enter the modulation scheme used in the Demodulator field.

Performing the level detection
1. Connect the DUT to the RF input of the spectrum analyzer.

DUT RF Input
{frant panel}

2. Start the Level Detection measurement by pressing the SWEEP hardkey and then the Auto Level
softkey.

During the level detection measurement the text Running is displayed in the status bar at the
bottom of the screen.

After successful level detection, the status message Measurement Complete is displayed, the
signal level field for the selected input displays the detected signal level and the Magnitude Capture
Buffer (Screen A) displays the zero span trace obtained during the measurement sequence.

Performing the main measurement

1. Select single sweep measurements by pressing the SWEEP hardkey and then the Meas softkey to
select Single.

2. Start the measurement by pressing the RUN hardkey.

During the measurement, the status message Running is displayed.

1300.2519.12 2.42 E-3



R&S FSL Signal Processing of the IEEE802.11a application

Measurement results are updated once the measurement has completed. The results are displayed
in graphical form. The display can be toggled to a tabular list of measurement points by pressing
the Display softkey.

Signal Processing of the IEEE802.11a application

Abbreviations

a;, symbol at symbol / of sub carrier k
EVM, error vector magnitude of sub carrier k
EVM error vector magnitude of current packet
g signal gain

Af frequency deviation between Tx and Rx
/ symbol index [ =[1,nof Symbols]

nof _symbols number of symbols of payload

H, channel transfer function of sub carrier &

k channel index &k =[-31,32]

K o modulation dependant normalization factor
& relative clock error of reference oscillator
Tk sub carrier k of symbol /

This description gives a rough view of the IEEE802.11a application signal processing. Details are
disregarded in order to get a concept overview.

A diagram of the interesting blocks is shown in Fig. 2—29 First the RF signal is down converted to the IF
frequency f,. = 20.4 MHz. The resulting IF signal r,.(¢) is shown on the left-hand side of the figure. After

bandpass filtering, the signal is sampled by an Analog to Digital Converter (ADC) at a sampling rate of
f., =81.6 MHz. This digital sequence is resampled to the new sampling frequency of 1., =80 MHz which is
a multiple of the Nyquist rate (20 MHz). The subsequent digital down converter shifts the IF signal to the
complex base band. In the next step the base band signal is filtered by a FIR filter. To get an idea, the rough
transfer function is plotted in the figure. This filter fulfills two tasks: first it suppresses the IF image frequency,
secondly it attenuates the aliasing frequency bands caused by the subsequent down sampling. After filtering,
the sequence is sampled down by the factor of 4. Thus the sampling rate of the down sampled sequence
r(i) is the Nyquist rate of f., = 20 MHz. Up to this point the digital part is implemented in an ASIC.
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Fig. 2-29  Signal processing of the IEEE802.11a application

In the lower part of the figure the subsequent digital signal processing is shown. In the first block the
packet search is performed. This block detects the Long Symbol (LS) and recovers the timing. The
coarse timing is detected first. This search is implemented in the time domain. The algorithm is based on
cyclic repetition within the LS after N =64 samples. Numerous treatises exist on this subject, e.g. [1] to

[3]. Furthermore a coarse estimate Af 1ofthe Rx—Tx frequency offset Af is derived from the metric in

[6]. This can easily be understood because the phase of »(i)-7 (i+ N) is determined by the frequency
offset. As the frequency deviation Af can exceed half a bin (distance between neighbor sub—carriers)

the preceding Short Symbol (SS) is also analyzed in order to detect the ambiguity.

After the coarse timing calculation the time estimate is improved by the fine timing calculation. This is
achieved by first estimating the coarse frequency response H(" , with k =[-26, 26] denoting the channel

index of the occupied sub—carriers. First the FFT of the LS is calculated. After the FFT calculation the known
symbol information of the LS sub—carriers is removed by dividing by the symbols. The result is a coarse
estimate ﬁk of the channel transfer function. In the next step the complex channel impulse response is
computed by an IFFT. Next the energy of the windowed impulse response (the window size is equal to
the guard period) is calculated for every trial time. Afterwards the trail time of the maximum energy is
detected. This trial time is used to adjust the timing.

Now the position of the LS is known and the starting point of the useful part of the first payload symbol
can be derived. In the next block this calculated time instant is used to position the payload window.
Only the payload part is windowed. This is sufficient because the payload is the only subject of the
subsequent measurements.

In the next block the windowed sequence is compensated by the coarse frequency estimate Af . This is

coarse

necessary because otherwise inter channel interference (ICI) would occur in the frequency domain.

The transition to the frequency domain is achieved by an FFT of length 64. The FFT is performed
symbol-wise for every of the nof symbols symbols of the payload. The calculated FFTs are described

by .k with
the symbol index [ =[1, nof _symbols ] and
the channel index £ =[-31,32].

In case of an additive white Gaussian noise (AWGN) channel the FFT is described by [4], [5]

1 The hat generally describes an estimate. Example: x is the estimate of x.
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(common (timing)

; ; ) ;
J(phase, +phase; -y (1)

7o =Kmod X ap g x g1 x Hy xe

with
the modulation—dependant normalization factor K

mod ?

the symbol «,, of sub—carrier £ at symbol /,
the gain g, at the symbol / in relation to the reference gain g =1 at the long symbol (LS),

the channel frequency response H, at the long symbol (LS),

(common)

the common phase drift phase, of all sub—carriers at symbol / (see below),

the phase phase;™ of sub—carrier k at symbol / caused by the timing drift (see below),
the independent Gaussian distributed noise samples #,, .
The common phase drift in equation (1) is given by
phase{ ™" =270 x Ny | N x Afyoqy T %1+ dlyy (2)
with
N, =80 being the number of Nyquist samples of the symbol period,
N =64 being the number of Nyquist samples N = 64 of the useful part of the symbol,
Af,,., being the (not yet compensated) frequency deviation,

dy, being the phase jitter at the symbol /.

In general, the coarse frequency estimate Af
frequency error Af,

rest

(see figure 1) is not error—free. Therefore the remaining
represents the not yet compensated frequency deviation in 7, . Consequently the

overall frequency deviation of the device under test (DUT) is calculated by Af = Af,,., Remark:

The only motivation for dividing the common phase drift in equation (2) into two parts is to be able to
calculate the overall frequency deviation of the DUT.

+ Af,

rest *

The reason for the phase jitter dy, in equation (2) may be different. The nonlinear part of the phase

jitter may be caused by the phase noise of the DUT oscillator. Another reason for nonlinear phase jitter
may be the increase of the DUT amplifier temperature at the beginning of the burst. Please note that
besides the nonlinear part the phase jitter dy, also contains a constant part. This constant part is

caused by the not yet compensated frequency deviation Af, .. To understand this, please keep in mind

that the measurement of the phase starts at the first symbol /=1 of the payload. In contrast the channel

frequency response H, in equation (1) represents the channel at the long symbol of the preamble.
Consequently the not yet compensated frequency deviation Af,, produces a phase drift between the

long symbol and the first symbol of the payload. Therefore this phase drift appears as a constant value
("DC value") in dy, .

Referring to the IEEE802.11a measurement standard Chapter 17.3.9.7 "Transmit modulation accuracy test"

(common)

[6], the common phase drift phase, must be estimated and compensated from the pilots. Therefore this
"symbol wise phase tracking" (Tracking Phase) is activated as the default setting of the R&S FSL-K91.

Furthermore the timing drift in equation (1) is given by

phasel(t]i{mmg) =27xNg/Nx&Exkxl (3)
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with & being the relative clock deviation of the reference oscillator. Normally a symbol-wise timing jitter

is negligible and thus not modeled in equation (3). There may be situations where the timing drift has to
be taken into account. This is illustrated by an example: In accordance to [6] the allowed clock deviation
of the DUT is up to &, =20 ppm. Furthermore a long packet with nof _symbols =400 symbols is
assumed. From equations (1) and (3), it results that the phase drift of the highest sub—carrier k£ =26 in
the last symbol [ =nof symbols is 93 degrees. Even in the noise—free case, this would lead to symbol
errors. The example shows that it is actually necessary to estimate and compensate the clock deviation,
which is accomplished in the next block.

(timing)

Referring to the IEEE802.11a measurement standard [6], the timing drift phase;; is not part of the
requirements. Therefore the "time tracking" (Tracking Time) is not activated as the default setting of the
R&S FSL—K91.

The time tracking option should rather be seen as a powerful analyzing option.

In addition the tracking of the gain g, in equation (1) is supported for each symbol in relation to the
reference gain g =1 at the time instant of the long symbol (LS). At this time the coarse channel transfer

function H;*® is calculated. This makes sense since the sequence ', is compensated by the coarse

channel transfer function FIéLS) before estimating the symbols. Consequently a potential change of the
gain at the symbol / (caused, for example, by the increase of the DUT amplifier temperature) may lead

to symbol errors especially for a large symbol alphabet M of the MQAM transmission. In this case the
estimation and the subsequent compensation of the gain are useful.

Referring to the IEEE802.11a measurement standard [6], the compensation of the gain g, is not part of

the requirements. Therefore the "gain tracking" (Tracking Gain) is not activated as the default setting of
the R&S FSL-K91.

How can the parameters above be calculated? In this application the optimum maximum likelihood
algorithm is used. In the first estimation step the symbol-independent parameters Af,, and & are

estimated. The symbol dependent parameters can be neglected in this step i.e. the parameters are set
to g, =1 and dy, = 0. Referring to equation (1) the log likelihood function?

nof _ symbols

N D)= Y >

=1 k=-21,-7,7,21
with (4)
ﬁhasel(common) =27 X Ny /N % Af gy T x1

- 2
~ (Bhase(cmmon | s (iming)
rl,k - al’k X H]ELS) X e‘/(p asey phasep

ﬁhasel(timing) =27xNg/NxExkxl

must be calculated as a function of the trial parameters A and 5 The trial parameters leading to

rest
the minimum of the log likelihood function are used as estimates Af and é In equation (4) the

rest
known pilot symbols a,, are read from a table.

In the second step for every symbol / the log likelihood function

Ly(gp.dyy) = Z

k=-21,-7,7,21

(common) (iming) |2
i i

ej(fahase +phase)’;

~ (LS
1k —al kX8 XHIE )X

with
ﬁhasel(common) =27 X Ny /N % Af oy T x 1 +d7)

ﬁhasel(timmg) =27 x Ny /I NxExkxl

2 The tilde generally describes an estimate. Example: X is the trial parameter of x.
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is calculated as a function of the trial parameters g, and dy, . Finally, the trial parameters leading to the
minimum of the log likelihood function are used as estimates g, and dy, .

This robust algorithm works well even at low signal to noise ratios with the Cramer Rao Bound being
reached.

After estimation of the parameters, the sequence r,, is compensated in the compensation blocks.

In the upper analyzing branch the compensation is user—defined i.e. the user determines which of the
parameters are compensated. This is useful in order to extract the influence of these parameters. The

resulting output sequence is described by ', .

In the lower compensation branch the full compensation is always performed. This separate
compensation is necessary in order to avoid symbol errors. After the full compensation the secure
estimation of the data symbols a,, is performed. From equation (1) it is clear that first the channel

transfer function H, must be removed. This is achieved by dividing the known coarse channel estimate

I%LS) calculated from the LS. Usually an error free estimation of the data symbols can be assumed.

In the next block a better channel estimate A M of the data and pilot sub—carriers is calculated by using all
nof symbols symbols of the payload (PL). This can be accomplished at this point because the phase is
compensated and the data symbols are known. The long observation interval of nof symbols symbols (compared

to the short interval of 2 symbols for the estimation of H ) leads to a nearly error—free channel estimate.

In the following equalizer block ', is compensated by the channel estimate. The resulting channel-
compensated sequence is described by ", . The user may either choose the coarse channel estimate
H™ (from the long symbol) or the nearly error—free channel estimate A" (from the payload) for
equalization. In case of using the improved estimate A" a 2 dB reduction of the subsequent EVM

measurement can be expected.

According to the IEEE802.11a measurement standard [6], the coarse channel estimation I?,ELS) (from
the long symbol) has to be used for equalization. Therefore the default setting of the R&S FSL-K91 is
equalization from the coarse channel estimate derived from the long symbol.

In the last block the measurement variables are calculated. The most important variable is the error
vector magnitude

nof _ symbols 2

1 "
EVM e = || —————~ Z "’l,k = Kmod @ a1,k (5)
nof _symbols

of the sub—carrier £ of the current packet. Furthermore the packet error vector magnitude

26
- /L Z 2
EVM = = EVM (6)
k=-26(k+0)

is derived by averaging the squared EVM, versus k . Finally the average error vector magnitude

. nof _ packets
EVM = | ———— Z EVM? (counter) (7)
nof _ packets
counter=1

is calculated by averaging the packet EVM of all nof packets detected packets. This parameter is
equivalent to the so—called "RMS average of all errors Error,," of the IEEE802.11a measurement
commandment (see [6], Chapter 17.3.9.7).
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Abbreviations

& timing offset
Af frequency offset
Ag phase offset
ARG{. ) } calculation of the angle of a complex value
EVM error vector magnitude
gl estimate of the gain factor in the I-branch
gQ estimate of the gain factor in the Q—branch
AgQ accurate estimate of the crosstalk factor of the Q—branch in the |-branch
h ) estimated baseband filter of the transmitter
N
}Az v) estimated baseband filter of the receiver
0, estimate of the IQ-offset in the I-branch
5Q estimate of the IQ—offset in the I-branch
r(v) measurement signal
S(v) estimate of the reference signal
5§ (v) estimate of the power normalized and undisturbed reference signal

REAL{. . } calculation of the real part of a complex value

IMAG{. . } calculation of the imaginary part of a complex value
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This description gives a rough overview of the signal processing concept of the IEEE802.11b
application.

A block diagram of the measurement application is shown in Fig. 2-30. The baseband signal of an
IEEE802.11b wireless LAN system transmitter is sampled with a sampling rate of 44 MHz.
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Fig. 2-30  Signal processing of the IEEE802.11b application

The first task of the measurement application is to detect the position of the bursts within the
measurement signal (V). The detection algorithm is able to find the positions of the beginning of
short and long bursts and can distinguish between them. The algorithm also detects the initial state of

the scrambler. This is required if IEEE802.11 signals should be analyzed, because this standard does
not specify the initial state of the scrambler.

With the knowledge of the start position of the burst, the header of the burst can be demodulated. The
bits transmitted in the header provide information about the length of the burst and the modulation type
used in the PSDU.

After the start position and the burst length is fully known, better estimates of timing offset, timing drift,
frequency offset and phase offset can be calculated using the entire data of the burst.

At this point of the signal processing a demodulation can be performed without decision error. After
demodulation the normalized and undisturbed reference signal s(v) is available.

If the frequency offset is not constant and varies with time, the frequency— and phase offset in several
partitions of the burst must be estimated and corrected. Additionally, timing offset, timing drift and gain
factor can be estimated and corrected in several partitions of the burst. These corrections can be
separately switched off in the demodulation settings menu.

Knowing the normalized power and undisturbed reference signal, the transmitter baseband filter is
estimated by minimizing the cost function
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2

N-1 - L

L= z r(v)xe SV oA _ Zhs(i)xg,,(v—i)—?i] - Jjog Eq. 2.1
v=0 i=—L

of a maximum-likelihood—based estimator, where r(v) is the over sampled measurement signal,

§,(v) the over sampled power normalized and undisturbed reference signal, N the observation

length, L the filter length, AJ;, A¢7, 0, 5Q and }Z(v) the variation parameters of the frequency—,

the phase, the 1Q—offset and the coefficients of the transmitter filter. The frequency-, the phase- and
the 1Q—offset are estimated jointly with the coefficients of the transmitter filter to increase the estimation
quality.

Once the transmitter filter is known, all other unknown signal parameters are estimated with a
maximum-likelihood—based estimation, which minimizes the cost function

N-1

)

v=0

em o a7 2
(v —E)x e IV x o7 IAP ~grxs7 (V)= jgg xsg(V)+Agg xsg(V) =0} — jog Eq. 2.2

where g, resp. §Q are the variation parameters of the gain used in the |- resp. the Q—branch, AgQ is

the crosstalk factor of the Q-branch into the I-branch and s, (V) resp. So (v) are the filtered reference

signal of the |- resp. the Q-branch. The unknown signal parameters are estimated in a joint estimation
process to increase the accuracy of the estimates.

The accurate estimates of the frequency offset, the IQ-imbalance, the quadratur-mismatch and the
normalized IQ—offset are displayed by the measurement software. The IQ—imbalance

gp +Agp
g1

1Q — Imbalance = Eq. 2.3

is the quotient of the estimates of the gain factor of the Q-branch, the crosstalk factor and the gain
factor of the I-branch, the quadrature—-mismatch

Quadrature — Mismatch = ARG{gQ +jx AgQ} Eq. 2.4

is a measure for the crosstalk of the Q—branch into the I-branch. The normalized |Q—offset

) A2
0; +0,

L lg+a]

is defined as the magnitude of the IQ—offset normalized by the magnitude of the reference signal.

1Q — Offset =

Eq. 2.5

At this point of the signal processing all unknown signal parameters such as timing—, frequency—,
phase—, 1Q-offset and IQ—imbalance have been evaluated and the measurement signal can be
corrected accordingly.

Using the corrected measurement signal 7(v) and the estimated reference signal §(v) the modulation
quality parameters can be calculated. The mean error vector magnitude (EVM)

J2|r(v>—§(v)|2
EVM =

v=0
N-1 R 5
230
v=0 Eq. 2.6

is the quotient of the root-mean—square values of the error signal power and the reference signal
power, whereas the instant error vector magnitude
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EVM (v) = —|V(NV)1 —50)
> o)’
v=0 Eq. 2.7

is the momentary error signal magnitude normalized by the root mean square value of the reference
signal power.

In [2] a different algorithm is proposed to calculate the error vector magnitude. In a first step the 1Q—
offset in the I-branch

A 1 &
6, =— > REAL{rv)}
NS Eq. 2.8
and the 1Q—offset of the Q—branch
1 N-1
6, =— > IMAG{r(v)
NS Eq. 2.9
are estimated separately, where r(v) is the measurement signal which has been corrected with the

estimates of the timing—, frequency— and phase offset, but not with the estimates of the IQ-imbalance
and |Q—offset. With these values the IQ—imbalance of the |-branch

N-1
g, = WZ|REAL{r(v) —6,
v=0

Eq. 2.10

and the |Q—imbalance of the Q—-branch
R 1 & R

gy = NZ‘IMAG{V(V) - OQ}‘

v=0 Eq. 2.11

are estimated in a non-linear estimation in a second step. Finally, the mean error vector magnitude

Verr(v)
= e
\/22 [REALGO}-5/]- 2/ F +5 ZO [MAGEe)}-3g| -0 Eq. 2.12

v=0
Pl e

can be calculated with a non data aided calculation. The instant error vector magnitude

Verr(v)

slressbo-a-isb ssioliol-iof g 213
(st

is the error signal magnitude normalized by the root mean square value of the estimate of the
measurement signal power. The advantage of this method is that no estimate of the reference signal is
needed, but the 1Q-offset and IQ—imbalance values are not estimated in a joint estimation procedure.
Therefore, each estimation parameter is disturbing the estimation of the other parameter and the
accuracy of the estimates is lower than the accuracy of the estimations achieved by Eq. 2.14. If the
EVM value is dominated by Gaussian noise this method yields similar results as Eq. 2.15.
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802.11b RF carrier suppression

Definition

The RF carrier suppression, measured at the channel center frequency, shall be at least 15 dB below
the peak SIN(x)/x power spectrum. The RF carrier suppression shall be measured while transmitting a
repetitive 01 data sequence with the scrambler disabled using DQPSK modulation. A 100 kHz
resolution bandwidth shall be used to perform this measurement.

Measurement with R&S spectrum analyzers

The RF carrier suppression as defined in the standard is a determination of peak ratios. The
unscrambled 01 data sequence provides a spectrum with distinct peaks enveloped by the transmit filter
spectrum. An IQ offset leads to an additional peak at the center frequency.

The following measurement sequence can be used in normal spectrum mode:
1. Use power trigger or external trigger

2. Use gated sweep with gate delay at payload start and gate length = payload length
(Delay—Comp ON and RBW = 50 MHz for gate settings)

Set RBW = 100 kHz
Set Sweep Time = 100 ms
Set Span = 20 MHz
Set Detector = RMS

Set Marker 1 to center frequency

®©® N o g bk w

Use Marker 2 as Delta Marker and set it to max. peak

Fig. 2-31 is a screenshot of this measurement. The delta marker shows directly the RF carrier
suppression in dB (white circled value).
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Center 1 GHz

Fig. 2-31  RF carrier suppression measurement

Comparison to 1Q offset measurement in K91 list mode

The 1Q offset measurement in K91 returns the actual carrier feed through normalized to the mean
power at the symbol timings. This measurement doesn't need a special test signal and is independent
of the transmit filter shape.

The RF carrier suppression measured according to the standard is inversely proportional to the 1Q
offset measured in K91 list mode. The difference (in dB) between the two values depends on the
transmit filter shape and should be determined with one reference measurement.

The following table lists exemplary the difference for three transmit filter shapes (iO.S dB):

Transmit filter —1Q-Offset [dB] — RF-Carrier-Suppression [dB]
Rectangular 11 dB

Root Raised Cosine, 10 dB

a=0.22

Gaussian, ¢ =0.3 9dB
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IQ Impairments

1Q Offset

An 1Q—Offset indicates a carrier offset with fixed amplitude. This results in a constant shift of the 1Q
axes. The offset is normalized by the mean symbol power and displayed in dB.
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Gain Imbalance

An ideal 1/Q modulator amplifies the | and Q signal path by exactly the same degree. The imbalance
corresponds to the difference in amplification of the | and Q channel and therefore to the difference in
amplitude of the signal components. In the vector diagram, the length of the | vector changes relative to
the length of the Q vector.

The entry is displayed in dB and %, where 1 dB offset is roughly 12 % according to the following:
Imbalance [dB] = 20log ( | Gaingq | / | Gain, )

Positive values mean that the Q vector is amplified more than the | vector by the corresponding
percentage:

Graphes Vaca agean
11-
-
nm

na-

EUL‘

im-
o H1Z-

a4

Sl

ETe

11 - L ;

11 O de d¢ d2 40 a7 o4 o8 #8 A4
nphes #1

1300.2519.12 2.54 E-3



R&S FSL 1Q Impairments

Negative values mean that the | vector is amplified more than the Q vector by the corresponding
percentage:
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Quadrature Error

An ideal 1/Q modulator sets the phase angle to exactly 90 degrees. With a quadrature error, the phase
angle between the | and Q vector deviates from the ideal 90 degrees, the amplitudes of both

components are of the same size. In the vector diagram, the quadrature error causes the coordinate
system to shift.

A positive quadrature error means a phase angle greater than 90 degrees:
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A negative quadrature error means a phase angle less than 90 degrees:
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3 Manual Control

For details refer to the Quick Start Guide chapters 4, "Basic Operations".
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4 Instrument Functions

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

Instrument Functions — Analyzer

In this section, all analyzer functions of the R&S FSL and their application are explained in detail. The
basic settings functions are described in section "Instrument Functions — Basic Settings".

For every key a table is provided in which all submenus and corresponding commands are listed. The
description of the submenus and commands follows the order of the table. The commands for the
optional remote control (if any) are indicated for each softkey. The description is divided into the
following topics:

e "Measurement Parameters" on page 4.2

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

e "Measurement Functions" on page 4.39

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

e "Measurement Modes" on page 4.85

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

e "Models and Options" on page 4.85

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

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

In this section all menus necessary for setting measurement parameters are described. This includes
the following topics and keys. For details on changing the mode refer to "Measurement Mode Selection
— MODE Key" on page 4.86.

e "Initializing the Configuration — PRESET Key" on page 4.3

e "Selecting the Frequency and Span — FREQ Key" on page 4.5

e "Setting the Frequency Span — SPAN Key" on page 4.10

e "Setting the Level Display and Configuring the RF Input — AMPT Key" on page 4.12
e "Setting the Bandwidths and Sweep Time — BW Key" on page 4.15

e "Configuring the Sweep Mode — SWEEP Key" on page 4.20

e "Triggering the Sweep — TRIG Key" on page 4.23

e "Setting Traces — TRACE Key" on page 4.29

Table 1: Sweep Range Variables

Abbreviation Definition Value Value
R&S FSL3 | R&S FSL6

frnax max. frequency 3 GHz 6 GHz
fmin min. frequency available 0 Hz 0 Hz
spanmin smallest selectable span>0Hz | 10 Hz 10 Hz
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Initializing the Configuration — PRESET Key

The PRESET key resets the instrument to the default setting and therefore provides a defined initial
state as a known starting point for measurements.

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

Further information

"Initial configuration" on page 4.3

Task

— To preset the instrument

To preset the instrument
» Press the PRESET key to trigger a preset.
If the initial configuration has been customized, the customized data sets are retrieved.

If the initial configuration has been retained unchanged, the originally provided data sets, as shown
in the table below, are retrieved.

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

Initial configuration

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

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

Table 2: Initial Configuration

Parameter Settings

Mode Spectrum Analysis
Center frequency frnax / 2

Center frequency step size 0.1 * center frequency
Span 3 GHz / 6 GHz (R&S FSL-3/-6)
RF attenuation auto (0 dB)

Reference level —20 dBm

Level range 100 dB log

Level unit dBm

Sweep time auto

Resolution bandwidth auto (3 MHz)
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Parameter Settings
Video bandwidth auto (10 MHz)
FFT filters off
Span / RBW 50
RBW / VBW 0.33
Sweep cont
Trigger free run
Trace 1 clr write
Trace 2/3/4 blank
Detector auto peak
Frequency offset 0 Hz
Reference level offset 0dB
Reference level position 100 %
Grid abs
Cal correction on
Noise source off
Input RF
Tracking generator (models 13, 16) off
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Selecting the Frequency and Span — FREQ Key

The FREQ key is used to specify the frequency axis, and to set the frequency offset and the signal track
function. The frequency axis can be specified either by the start and stop frequency or by the center
frequency and the span.

To open the frequency menu
» Press the FREQ key.

The frequency menu is displayed. The Frequency Center edit dialog box is displayed.

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

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

Tasks

To specify the frequency axis by the start and stop frequency

To specify the frequency axis by the center frequency and the span

To specify the step size for the arrow keys and the rotary knob

— To modify the frequency axis by an offset

To track signals (only possible when span >0)

To specify the frequency axis by the start and stop frequency
1. Press the Start softkey and enter a start frequency.

2. Press the Stop softkey and enter a stop frequency.

To specify the frequency axis by the center frequency and the span
1. Press the FREQ key and enter a center frequency in the Frequency Center edit dialog box.

2. Press the SPAN key and enter the bandwidth you want to analyze.

Note: Entering a value of 0 Hz will cause a change to the zero span analysis mode.

To specify the step size for the arrow keys and the rotary knob
1. Press the CF Stepsize softkey.

The softkeys are displayed according to the selected frequency span (zero span or span > 0).
2. To define the step size of the center frequency:

— Only when span > 0: Press 0.1*Span, 0.5*Span or x*Span to define the step size for the center
frequency as percentage of the span.

— Only when span = 0: Press 0.1*RBW, 0.5*RBW or x*RBW to define the step size for the center
frequency as percentage of the resolution bandwidth.
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— Press the Center softkey to set the step size to the value of the center frequency and to
remove the dependency of the step size to span or resolution bandwidth.

— Press the =Marker softkey to set the step size to the value of the marker and to remove the
dependency of the step size to span or resolution bandwidth.

— Press the Manual softkey and enter a fixed step size for the center frequency.

Note: The step size assigned to arrow keys corresponds to the selected value; the step size of the

rotary knob is 1/10 of it.

To modify the frequency axis by an offset

» Press the Frequency Offset softkey and enter the offset to shift the displayed frequency span.

To track signals (only possible when span >0)

1.

o M 0D

Press the Signal Track softkey.

The softkeys of this submenu are displayed to start and stop signal tracking with specified
parameters.

Press the Track On/Off softkey to switch signal tracking on or off.
Press the Track BW softkey and enter a bandwidth for signal tracking.
Press the Track Threshold softkey and enter the threshold for signal tracking.

Press the Select Trace softkey and select the trace for signal tracking.

Softkeys of the frequency menu

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

Menu / Command Command

Center

Start

Stop

CF Stepsize ¥ 0.1*Span/0.1*RBW
0.5*Span/0.5*RBW
x*Span/x*RBW
Center
=Marker
Manual

Frequency Offset

Signal Track ¥ Track On/Off
Track BW
Track Threshold

Select Trace
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Center

Opens an edit dialog box to enter the center frequency. The allowed range of values for the
center frequency depends on the frequency span.

span > 0: spanyn/ 2 < feenter < frax — SP@Nmin / 2
span = 0: 0 HZ < feepter < finax

= Remote: FREQ:CENT 100MHz

Start

Opens an edit dialog box to define the start frequency. The following range of values is allowed:
fmin < fstart < fmax_ Spanmin

= Remote: FREQ: STAR 20MHz

Stop

Opens an edit dialog box to define the stop frequency. The following range of values for the stop
frequency is allowed:

fmin + Spanmin < fstop < fmax

= Remote: FREQ: STOP 2000MHz

CF Stepsize

Opens a submenu to set the step size of the center frequency. In addition to the Center,
=Marker and Manual softkeys, the other softkeys are displayed depending on the selected
frequency span.

The step size can be coupled to the span (span > 0) or the resolution bandwidth (span = 0) or it
can be manually set to a fixed value.

0.1*Span (span > 0)

Sets the step size for the center frequency to 10% of the span.

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

0.1*RBW (zero span)

Sets the step size for the center frequency to 10% of the resolution bandwidth. This is the
default setting.

= Remote: FREQ:CENT: STEP: LINK RBW
= Remote: FREQ:CENT: STEP: LINK:FACT 10PCT
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0.5*Span (span > 0)

Sets the step size for the center frequency to 50% of the span.

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

0.5*RBW (zero span)

Sets the step size for the center frequency to 50% of the resolution bandwidth.

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

x*Span (span > 0)

Opens an edit dialog box to set the step size for the center frequency as % of the span.

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

x*RBW (zero span)

Opens an edit dialog box to set the step size for the center frequency as % of the resolution
bandwidth. Values between 1 and 100% in steps of 1% are allowed. The default setting is 10%.

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

Center

Sets the step size to the value of the center frequency and removes the coupling of the step size
to span or resolution bandwidth. This function is especially useful during measurements of the
signal harmonic content because by entering the center frequency each stroke of the arrow key
selects the center frequency of another harmonic.

=Marker

Sets the step size to the value of the current marker and removes the coupling of the step size
to span or resolution bandwidth. This function is especially useful during measurements of the
signal harmonic content at the marker position because by entering the center frequency each
stroke of the arrow key selects the center frequency of another harmonic.

Manual

Opens an edit dialog box to enter a fixed step size for the center frequency.

= Remote: FREQ:CENT: STEP 120MHz
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Frequency Offset

Opens an edit dialog box to enter a frequency offset that shifts the displayed frequency range by
the specified offset. The allowed values range from —100 GHz to 100 GHz. The default setting is
0 Hz.

= Remote: FREQ:OFFS 10 MHz

Signal Track (span > 0)

Opens a submenu to modify the parameters for signal tracking: search bandwidth, threshold
value and trace.

The search bandwidth and the threshold value are shown in the diagram by two vertical lines
and one horizontal line, which are labeled as TRK. After each sweep the center frequency is set
to the maximum signal found within the searched bandwidth. If no maximum signal above the
set threshold value is found in the searched bandwidth, the track mechanism stops.

= Remote: CALC:MARK: FUNC:STR OFF

Track On/Off (span > 0)

Switches the signal tracking on or off.

= Remote: CALC:MARK:FUNC:STR OFF

Track BW (span > 0)

Opens an edit dialog box to set the search bandwidth for signal tracking. The frequency range is
calculated as a function of the center frequency.

= Remote: CALC:MARK:FUNC:STR:BAND 1MHZ

Track Threshold (span > 0)

Opens an edit dialog box to set the threshold value for signal tracking.

= Remote: CALC:MARK: FUNC:STR:THR —-70DBM

Select Trace (span > 0)

Opens an edit dialog box to select the trace on which the signal is tracked.

= Remote: CALC:MARK: FUNC:STR: TRAC 1
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Setting the Frequency Span — SPAN Key

The SPAN key is used to set the frequency span to be analyzed.

To open the span menu
» Press the SPAN key.

The span menu is displayed. For span > 0 an edit dialog box to enter the frequency is displayed.
For zero span, an edit dialog box to enter the sweep time is displayed.

Menu and softkey description
"Softkeys of the span menu" on page 4.10

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

Task

— To specify the span (alternatives)

To specify the span (alternatives)
1. To set the span, use the Span Manual, Full Span, Zero Span and Last Span softkeys.
2. To define a frequency range, use the Start Frequency and Stop Frequency softkeys.

3. For zero span, press the Sweeptime Manual softkey and enter a sweep time.

Softkeys of the span menu

The following table shows all softkeys available in the span menu. It is possible that the standard
instrument does not provide all softkeys. If a softkey is only available with a special option or model, this
information is delivered in the corresponding softkey description.

Command

Span Manual

Sweeptime Manual

Start Frequency

Stop Frequency

Full Span

Zero Span

Last Span

Span Manual

Opens an edit dialog box to enter the frequency span. The center frequency is kept constant.
The following range is allowed:

span =0:0Hz
span >0: spanmis < fspan < frax

= Remote: FREQ: SPAN 2CGHz
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Start Frequency

Opens an edit dialog box to enter the start frequency. For details see Start softkey in the
frequency menu.

= Remote: FREQ: STAR 20MHz

Stop Frequency

Opens an edit dialog box to enter the stop frequency. For details see Stop softkey in the
frequency menu.

= Remote: FREQ: STOP 2000MHz

Full Span

Sets the span to the full frequency range of the R&S FSL, useful for overview measurements.

= Remote: FREQ: SPAN: FULL

Zero Span

Sets the span to 0 Hz (zero span). The x axis becomes the time axis with the grid lines
corresponding to 1/10 of the current sweep time (SWT).

= Remote: FREQ: SPAN 0Hz

Last Span

Sets the span to the previous value. With this function e.g. a fast change between overview
measurement and detailed measurement is possible.
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Setting the Level Display and Configuring the RF Input —
AMPT Key

The AMPT key is used to set the reference level, the level range and unit, the scaling and the RF
attenuation.

To open the amplitude menu
> Press the AMPT key.

The amplitude menu is displayed. The Reference Level dialog box is displayed.

Menu and softkey description
"Softkeys of the amplitude menu" on page 4.12

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

Task
— To specify the amplitude

To specify the amplitude

1. Set the reference level, offset and position, using the Ref Level, Ref Level Offset and Ref Level
Position softkeys.

Select the level range and the unit for the level axis, using the Range Log and Unit softkeys.
Set the scaling, using the Range Linear and/or Grid Abs / Rel softkeys.
Set the attenuation, using the RF Atten Manual or RF Atten Auto softkeys.

Softkeys of the amplitude menu

The following table shows all softkeys available in the amplitude menu. It is possible that the standard
instrument does not provide all softkeys. If a softkey is only available with a special option or model, this
information is delivered in the corresponding softkey description.

Command

Ref Level

Range Log

Range Linear
Preamp On/Off
RF Atten Manual
RF Atten Auto
More #

Ref Level Offset

Ref Level Position
Grid Abs / Rel
Unit

Input 50 Q/75Q
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Ref Level

Opens an edit dialog box to enter the reference level in the currently active unit (dBm, dBuV,
etc).

The reference level value is the maximum value the AD converter can handle without distortion
of the measured value. Signal levels above this value will not be measured correctly, which is
indicated by the status display IFOVL.

= Remote: DISP:TRAC:Y:RLEV -60dBm

Range Log

Opens the Range Log dialog box to select a value for the level range.

= Remote: DISP: TRAC:Y:SPAC LOG
= Remote: DISP:TRAC:Y 120DB

Range Linear

Opens the Range Linear dialog box to select a value for the level range.

= Remote: DISP: TRAC:Y:SPAC LIN | LDB

Preamp On/Off (option RF Preamplifier, B22)

Switches the preamplifier on or off.

= Remote: INP:GAIN ON

RF Atten Manual

Opens an edit dialog box to enter the attenuation, irrespective of the reference level.

The attenuation can be set in 5 dB steps between 0 and 30 dB. If the defined reference level
cannot be set for the set RF attenuation, t