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This manual describes the following R&S®RTH models with firmware version 1.50:
® R&S®PRTH1004 (1317.5000.K04)
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In addition to the base unit, the following options are described:

® R&S®RTH-K1 I2C/SPI triggering and decoding (1325.9969.02)

® R&S®PRTH-K2 UART/RS232 triggering and decoding (1325.9975.02)
® R&SPRTH-K3 CAN/LIN triggering & decoding (1333.0550.02)

® R&SPRTH-K15 History and segmented memory (1326.1803.02)

® R&S®PRTH-K18 Spectrum analysis (1333.0680.02)

® R&S®PRTH-K19 Advanced trigger (1326.0642.02)

® R&S®PRTH-B1 Mixed signal option (1325.9981.02)

® R&S®PRTH-K33 Frequency counter (1333.0696.02)

® R&S®PRTH-K34 Harmonic analysis (1333.0673.02)
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Basic Safety Instructions

Always read through and comply with the following safety instructions!

All plants and locations of the Rohde & Schwarz group of companies make every effort to keep the safety
standards of our products up to date and to offer our customers the highest possible degree of safety. Our
products and the auxiliary equipment they require are designed, built and tested in accordance with the
safety standards that apply in each case. Compliance with these standards is continuously monitored by
our quality assurance system. The product described here has been designed, built 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, you must
observe all instructions and warnings provided in this manual. If you have any questions regarding these
safety instructions, the Rohde & Schwarz group of companies 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, if expressly permitted, also 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 any purpose 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 product documentation
and within its performance limits (see data sheet, documentation, the following safety instructions). Using
the product requires technical skills and, in some cases, a basic knowledge of English. It is therefore
essential that only skilled and specialized staff or thoroughly trained personnel with the required skills be
allowed to use the product. If personal safety gear is required for using Rohde & Schwarz products, this
will be indicated at the appropriate place in the product documentation. Keep the basic safety instructions
and the product documentation in a safe place and pass them on to the subsequent users.

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 and when using the product. It is also absolutely essential to observe the additional safety
instructions on personal safety, for example, that appear in relevant parts of the product documentation. In
these safety instructions, the word "product"” refers to all merchandise sold and distributed by the Rohde &
Schwarz group of companies, including instruments, systems and all accessories. For product-specific
information, see the data sheet and the product documentation.

Safety labels on products

The following safety labels are used on products to warn against risks and dangers.

Symbol Meaning Symbol Meaning

Notice, general danger location | O ON/OFF Power

Observe product documentation

Caution when handling heavy equipment d) Standby indication

Danger of electric shock f— Direct current (DC)

> B>
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Basic Safety Instructions

Meaning Symbol Meaning
Caution ! Hot surface ~_ Alternating current (AC)
Protective conductor terminal = Direct/alternating current (DC/AC)
To identify any terminal which is intended for
connection to an external conductor for
protection against electric shock in case of a
fault, or the terminal of a protective earth
Earth (Ground) D Class Il Equipment
to identify equipment meeting the safety

requirements specified for Class Il equipment
(device protected by double or reinforced
insulation)

Frame or chassis Ground terminal

EU labeling for batteries and accumulators

For additional information, see section "Waste
disposal/Environmental protection”, item 1.

devices

Be careful when handling electrostatic sensitive

EU labeling for separate collection of electrical
and electronic devices

For additional information, see section "Waste
disposal/Environmental protection”, item 2.

Warning! Laser radiation

For additional information, see section
"Operation", item 7.

Signal words and their meaning

The following signal words are used in the product documentation in order to warn the reader about risks

and dangers.

& WARNING

A CAUTION

Indicates a hazardous situation which, if not avoided, will result in death or
serious injury.

Indicates a hazardous situation which, if not avoided, could result in death or
serious injury.

Indicates a hazardous situation which, if not avoided, could result in minor or
moderate injury.

Indicates information considered important, but not hazard-related, e.g.
messages relating to property damage.
In the product documentation, the word ATTENTION is used synonymously.

These signal words are in accordance with the standard definition for civil applications in the European
Economic Area. Definitions that deviate from the standard definition may also exist in other economic
areas or military applications. It is therefore essential to make sure that the signal words described here
are always used only in connection with the related product documentation and the related product. The
use of signal words in connection with unrelated products or documentation can result in misinterpretation
and in personal injury or material damage.
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Basic Safety Instructions

Operating states and operating positions

The product may be operated only under the operating conditions and in the positions specified by the
manufacturer, without the product's ventilation being obstructed. If the manufacturer's specifications are
not observed, this can result in electric shock, fire and/or serious personal injury or death. Applicable local
or national safety regulations and rules for the prevention of accidents must be observed in all work
performed.

1.

Unless otherwise specified, the following requirements apply to Rohde & Schwarz products:
predefined operating position is always with the housing floor facing down, IP protection 2X, use only
indoors, max. operating altitude 2000 m above sea level, max. transport altitude 4500 m above sea
level. A tolerance of +10 % shall apply to the nominal voltage and +5 % to the nominal frequency,
overvoltage category 2, pollution degree 2.

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). An installation
that is not carried out as described in the product documentation could result in personal injury or
even death.

Do not place the product on heat-generating devices such as radiators or fan heaters. The ambient
temperature must not exceed the maximum temperature specified in the product documentation or in
the data sheet. Product overheating can cause electric shock, fire and/or serious personal injury or
even death.

Electrical safety

If the information on electrical safety is not observed either at all or to the extent necessary, electric shock,
fire and/or serious personal injury or death may occur.

1.

Prior to switching on the product, always ensure that the nominal voltage setting on the product
matches the nominal voltage of the mains-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 a protective conductor contact and protective conductor.

Intentionally breaking the protective conductor 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 there is no power switch for disconnecting the product from the mains, or if the power switch is not
suitable for this purpose, use the plug of the connecting cable to disconnect the product from the
mains. In such cases, always ensure that the power plug is easily reachable and accessible at all
times. For example, if the power plug is the disconnecting device, the length of the connecting cable
must not exceed 3 m. Functional or electronic switches are not suitable for providing disconnection
from the AC supply network. If products without power switches are integrated into racks or systems,
the disconnecting device must be provided at the system level.

Never use the product if the power cable is damaged. Check the power cables on a regular basis to
ensure that they are in proper operating condition. 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, for example, tripping over the cable or suffering an electric shock.
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11.

12.

13.

14.

15.

16.

17.

18.

Basic Safety Instructions

The product may be operated only from TN/TT supply networks fuse-protected with max. 16 A (higher
fuse only after consulting with the Rohde & Schwarz group of companies).

Do not insert the plug into sockets that are dusty or dirty. Insert the plug firmly and all the way into the
socket provided for this purpose. Otherwise, sparks that result in fire and/or injuries may occur.

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

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

Ensure that the connections with information technology equipment, e.g. PCs or other industrial
computers, comply with the IEC 60950-1 / EN 60950-1 or IEC 61010-1 / EN 61010-1 standards that
apply in each case.

Unless expressly permitted, never remove the cover or any part of the housing while the product is in
operation. Doing so 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 protective conductor terminal
on site and the product's protective conductor must be made first before any other connection is
made. The product may be installed and connected only by a licensed electrician.

For permanently installed equipment without built-in fuses, circuit breakers or similar protective
devices, the supply circuit must be fuse-protected in such a way that anyone who has access to the
product, as well as the product itself, is adequately protected from injury or damage.

Use suitable overvoltage protection to ensure that no overvoltage (such as that caused by a bolt of
lightning) can reach the product. Otherwise, the person operating the product will be exposed to the
danger of an electric shock.

Any object that is not designed to be placed in the openings of the housing must not be used for this
purpose. Doing so can cause short circuits inside the product and/or electric shocks, fire or injuries.

Unless specified otherwise, products are not liquid-proof (see also section "Operating states and
operating positions", item 1). Therefore, the equipment must be protected against penetration by
liquids. If the necessary precautions are not taken, the user may suffer electric shock or the product
itself may be damaged, 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 has been moved from a cold to a warm environment. Penetration by water
increases the risk of electric shock.

Prior to cleaning the product, disconnect it completely from the power supply (e.g. AC supply network
or battery). Use a soft, non-linting cloth to clean the product. Never use chemical cleaning agents such
as alcohol, acetone or diluents for cellulose lacquers.

Operation

1.

Operating the products requires special training and intense concentration. Make sure that persons
who use the products are physically, mentally and emotionally fit enough to do so; otherwise, injuries
or material damage may occur. It is the responsibility of the employer/operator to select suitable
personnel for operating the products.
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Basic Safety Instructions

2. Before you move or transport the product, read and observe the section titled "Transport".

3. As with all industrially manufactured goods, the use of substances that induce an allergic reaction
(allergens) such as nickel cannot be generally excluded. If you develop an allergic reaction (such as a
skin rash, frequent sneezing, red eyes or respiratory difficulties) when using a Rohde & Schwarz
product, consult a physician immediately to determine the cause and to prevent health problems or
stress.

4. Before you start processing the product mechanically and/or thermally, or before you take it apart, be
sure to read and pay special attention to the section titled "Waste disposal/Environmental protection”,
item 1.

5. Depending on the function, certain products such as RF radio equipment can produce an elevated
level of electromagnetic radiation. Considering that unborn babies require increased protection,
pregnant women must be protected by appropriate measures. Persons with pacemakers may also be
exposed to risks from electromagnetic radiation. The employer/operator must evaluate workplaces
where there is a special risk of exposure to radiation and, if necessary, take measures to avert the
potential danger.

6. Should a fire occur, the product may release hazardous substances (gases, fluids, etc.) that can
cause health problems. Therefore, suitable measures must be taken, e.g. protective masks and
protective clothing must be worn.

7. Laser products are given warning labels that are standardized according to their laser class. Lasers
can cause biological harm due to the properties of their radiation and due to their extremely
concentrated electromagnetic power. If a laser product (e.g. a CD/DVD drive) is integrated into a
Rohde & Schwarz product, absolutely no other settings or functions may be used as described in the
product documentation. The objective is to prevent personal injury (e.g. due to laser beams).

8. EMC classes (in line with EN 55011/CISPR 11, and analogously with EN 55022/CISPR 22,

EN 55032/CISPR 32)

— Class A equipment:
Equipment suitable for use in all environments except residential environments and environments
that are directly connected to a low-voltage supply network that supplies residential buildings
Note: Class A equipment is intended for use in an industrial environment. This equipment may
cause radio disturbances in residential environments, due to possible conducted as well as
radiated disturbances. In this case, the operator may be required to take appropriate measures to
eliminate these disturbances.

— Class B equipment:
Equipment suitable for use in residential environments and environments that are directly
connected to a low-voltage supply network that supplies residential buildings

Repair and service

1. The product may be opened only by authorized, specially trained personnel. Before any work is
performed on the product or before the product is opened, it must be disconnected from the AC supply
network. Otherwise, personnel will be exposed to the risk of an electric shock.
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Basic Safety Instructions

Adjustments, replacement of parts, maintenance and repair may be performed only by electrical
experts authorized by Rohde & Schwarz. Only original parts may be used for replacing parts relevant
to safety (e.g. power switches, power transformers, fuses). A safety test must always be performed
after parts relevant to safety have been replaced (visual inspection, protective conductor test,
insulation resistance measurement, leakage current measurement, functional test). This helps ensure
the continued safety of the product.

Batteries and rechargeable batteries/cells

If the information regarding batteries and rechargeable batteries/cells is not observed either at all or to the
extent necessary, product users may be exposed to the risk of explosions, fire and/or serious personal
injury, and, in some cases, death. Batteries and rechargeable batteries with alkaline electrolytes (e.g.
lithium cells) must be handled in accordance with the EN 62133 standard.

1.
2.

Cells must not be taken apart or crushed.

Cells or batteries must not be exposed to heat or fire. Storage in direct sunlight must be avoided.
Keep cells and batteries clean and dry. Clean soiled connectors using a dry, clean cloth.

Cells or batteries must not be short-circuited. Cells or batteries must not be stored in a box or in a
drawer where they can short-circuit each other, or where they can be short-circuited by other
conductive materials. Cells and batteries must not be removed from their original packaging until they
are ready to be used.

Cells and batteries must not be exposed to any mechanical shocks that are stronger than permitted.

If a cell develops a leak, the fluid must not be allowed to come into contact with the skin or eyes. If
contact occurs, wash the affected area with plenty of water and seek medical aid.

Improperly replacing or charging cells or batteries that contain alkaline electrolytes (e.g. lithium cells)
can cause explosions. Replace cells or batteries only with the matching Rohde & Schwarz type (see
parts list) in order to ensure the safety of the product.

Cells and batteries must be recycled and kept separate from residual waste. Rechargeable batteries
and normal batteries that contain lead, mercury or cadmium are hazardous waste. Observe the
national regulations regarding waste disposal and recycling.

Transport

1.

The product may be very heavy. Therefore, the product must be handled with care. In some cases,
the user may require a suitable means of lifting or moving the product (e.g. with a lift-truck) to avoid
back or other physical injuries.

Handles on the products are designed exclusively to enable personnel to transport the product. It is
therefore not permissible to use handles to fasten the product to or on transport equipment such as
cranes, fork lifts, wagons, etc. The user is responsible for securely fastening the products to or on the
means of transport or lifting. Observe the safety regulations of the manufacturer of the means of
transport or lifting. Noncompliance can result in personal injury or material damage.

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

Waste disposal/Environmental protection

1. Specially marked equipment has a battery or accumulator that must not be disposed of with unsorted
municipal waste, but must be collected separately. It may only be disposed of at a suitable collection
point or via a Rohde & Schwarz customer service center.

2. Waste electrical and electronic equipment must not be disposed of with unsorted municipal waste, but
must be collected separately.
Rohde & Schwarz GmbH & Co. KG has developed a disposal concept and takes full responsibility for
take-back obligations and disposal obligations for manufacturers within the EU. Contact your
Rohde & Schwarz customer service center for environmentally responsible disposal of the product.

3. If products or their components are mechanically and/or thermally processed in a manner that goes
beyond their intended use, hazardous substances (heavy-metal dust such as lead, beryllium, nickel)
may be released. For this reason, the product may only be disassembled by specially trained
personnel. Improper disassembly may be hazardous to your health. National waste disposal
regulations must be observed.

4. If handling the product releases hazardous substances or fuels that must be disposed of in a special
way, e.g. coolants or engine oils that must be replenished regularly, the safety instructions of the
manufacturer of the hazardous substances or fuels and the applicable regional waste disposal
regulations must be observed. Also observe the relevant safety instructions in the product
documentation. The improper disposal of hazardous substances or fuels can cause health problems
and lead to environmental damage.

For additional information about environmental protection, visit the Rohde & Schwarz website.

Instrucciones de seguridad elementales

iEs imprescindible leer y cumplir las siguientes instrucciones e informaciones de seguridad!

El principio del grupo de empresas Rohde & Schwarz consiste en tener nuestros productos siempre al dia
con los estandares de seguridad y de ofrecer a nuestros clientes el maximo grado de seguridad. Nuestros
productos y todos los equipos adicionales son siempre fabricados y examinados segun las normas de
seguridad vigentes. Nuestro sistema de garantia de calidad controla constantemente que sean cumplidas
estas normas. El presente producto ha sido fabricado y examinado segun el certificado de conformidad
de la UE y ha salido de nuestra planta en estado impecable segun los estandares técnicos de seguridad.
Para poder preservar este estado y garantizar un funcionamiento libre de peligros, el usuario debera
atenerse a todas las indicaciones, informaciones de seguridad y notas de alerta. El grupo de empresas
Rohde & Schwarz esta siempre a su disposicién en caso de que tengan preguntas referentes a estas
informaciones de seguridad.

Ademés queda en la responsabilidad del usuario utilizar el producto en la forma debida. Este producto
esta destinado exclusivamente al uso en la industria y el laboratorio o, si ha sido expresamente
autorizado, para aplicaciones de campo y de ninguna manera debera ser utilizado de modo que alguna
persona/cosa pueda sufrir dafio. El uso del producto fuera de sus fines definidos o sin tener en cuenta las
instrucciones del fabricante queda en la responsabilidad del usuario. El fabricante no se hace en ninguna
forma responsable de consecuencias a causa del mal uso del producto.
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Instrucciones de seguridad elementales

Se parte del uso correcto del producto para los fines definidos si el producto es utilizado conforme a las
indicaciones de la correspondiente documentacion del producto y dentro del margen de rendimiento
definido (ver hoja de datos, documentacién, informaciones de seguridad que siguen). El uso del producto
hace necesarios conocimientos técnicos y ciertos conocimientos del idioma inglés. Por eso se debe tener
en cuenta que el producto solo pueda ser operado por personal especializado o personas instruidas en
profundidad con las capacidades correspondientes. Si fuera necesaria indumentaria de seguridad para el
uso de productos de Rohde & Schwarz, encontraria la informacion debida en la documentacion del
producto en el capitulo correspondiente. Guarde bien las informaciones de seguridad elementales, asi
como la documentacién del producto, y entréguelas a usuarios posteriores.

Tener en cuenta las informaciones de seguridad sirve para evitar en lo posible lesiones o dafios por
peligros de toda clase. Por eso es imprescindible leer detalladamente y comprender por completo las
siguientes informaciones de seguridad antes de usar el producto, y respetarlas durante el uso del
producto. Deberan tenerse en cuenta todas las demas informaciones de seguridad, como p. €j. las
referentes a la proteccion de personas, que encontrardn en el capitulo correspondiente de la
documentacién del producto y que también son de obligado cumplimiento. En las presentes
informaciones de seguridad se recogen todos los objetos que distribuye el grupo de empresas

Rohde & Schwarz bajo la denominacién de "producto”, entre ellos también aparatos, instalaciones asi
como toda clase de accesorios. Los datos especificos del producto figuran en la hoja de datos y en la
documentacién del producto.

Sefializacién de seguridad de los productos

Las siguientes sefiales de seguridad se utilizan en los productos para advertir sobre riesgos y peligros.

Simbolo Significado Simbolo Significado

Aviso: punto de peligro general | O Tension de alimentacion de PUESTA EN

o, MARCHA / PARADA
Observar la documentacion del producto

Atencién en el manejo de dispositivos de peso d) Indicacion de estado de espera (standby)
A elevado
| 18 kg |
2 Peligro de choque eléctrico e Corriente continua (DC)
f Advertencia: superficie caliente A~ Corriente alterna (AC)
. Conexion a conductor de proteccion —_ Corriente continua / Corriente alterna (DC/AC)
Conexion a tierra D El aparato esta protegido en su totalidad por un
aislamiento doble (reforzado)
Conexi6n a masa Distintivo de la UE para baterias y
acumuladores

Mas informacién en la seccion
"Eliminacion/proteccion del medio ambiente",
punto 1.
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Instrucciones de seguridad elementales

Simbolo Significado Significado

Aviso: Cuidado en el manejo de dispositivos
sensibles a la electrostatica (ESD)

Distintivo de la UE para la eliminacion por
separado de dispositivos eléctricos y
electronicos

Mas informacién en la seccion
"Eliminacion/proteccion del medio ambiente”,
punto 2.

Advertencia: rayo laser

Mas informacion en la seccién
"Funcionamiento", punto 7.

Palabras de sefial y su significado

En la documentacidon del producto se utilizan las siguientes palabras de sefial con el fin de advertir contra
riesgos y peligros.

A PELIGRO Indica una situacion de peligro que, si no se evita, causa lesiones
graves o incluso la muerte.

Indica una situacién de peligro que, si no se evita, puede causar

A ADVERTENCIA lesiones graves o incluso la muerte.

Indica una situacién de peligro que, si no se evita, puede causar
lesiones leves o moderadas.

A ATENCION

m Indica informacién que se considera importante, pero no en relacion
con situaciones de peligro; p. €j., avisos sobre posibles dafios
materiales.

En la documentacion del producto se emplea de forma sindénima el
término CUIDADO.

Las palabras de sefial corresponden a la definicion habitual para aplicaciones civiles en el area
econdémica europea. Pueden existir definiciones diferentes a esta definicién en otras areas econémicas o
en aplicaciones militares. Por eso se deberd tener en cuenta que las palabras de sefial aqui descritas
sean utilizadas siempre solamente en combinacion con la correspondiente documentacién del producto y
solamente en combinacion con el producto correspondiente. La utilizacion de las palabras de sefial en
combinacion con productos o documentaciones que no les correspondan puede llevar a interpretaciones
equivocadas y tener por consecuencia dafios en personas u objetos.

Estados operativos y posiciones de funcionamiento

El producto solamente debe ser utilizado segun lo indicado por el fabricante respecto a los estados
operativos y posiciones de funcionamiento sin que se obstruya la ventilacion. Si no se siguen las
indicaciones del fabricante, pueden producirse choques eléctricos, incendios y/o lesiones graves con
posible consecuencia de muerte. En todos los trabajos deberan ser tenidas en cuenta las normas
nacionales y locales de seguridad del trabajo y de prevencion de accidentes.
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Instrucciones de seguridad elementales

Si no se convino de otra manera, es para los productos Rohde & Schwarz valido lo que sigue:
como posicién de funcionamiento se define por principio la posicién con el suelo de la caja para
abajo, modo de proteccién IP 2X, uso solamente en estancias interiores, utilizacién hasta 2000 m
sobre el nivel del mar, transporte hasta 4500 m sobre el nivel del mar. Se aplicara una tolerancia de
+10 % sobre el voltaje nominal y de +5 % sobre la frecuencia nominal. Categoria de sobrecarga
eléctrica 2, indice de suciedad 2.

No sitle el producto encima de superficies, vehiculos, estantes o mesas, que por sus caracteristicas
de peso o de estabilidad no sean aptos para él. Siga siempre las instrucciones de instalacion del
fabricante cuando instale y asegure el producto en objetos o estructuras (p. ej. paredes y estantes). Si
se realiza la instalacion de modo distinto al indicado en la documentacion del producto, se pueden
causar lesiones o, en determinadas circunstancias, incluso la muerte.

No ponga el producto sobre aparatos que generen calor (p. €j. radiadores o calefactores). La
temperatura ambiente no debe superar la temperatura maxima especificada en la documentacion del
producto o en la hoja de datos. En caso de sobrecalentamiento del producto, pueden producirse
choques eléctricos, incendios y/o lesiones graves con posible consecuencia de muerte.

Seguridad eléctrica

Si no se siguen (o se siguen de modo insuficiente) las indicaciones del fabricante en cuanto a seguridad
eléctrica, pueden producirse choques eléctricos, incendios y/o lesiones graves con posible consecuencia
de muerte.

1.

Antes de la puesta en marcha del producto se deberd comprobar siempre que la tensién
preseleccionada en el producto coincida con la de la red de alimentacion eléctrica. Si es necesario
modificar el ajuste de tension, también se deberan cambiar en caso dado los fusibles
correspondientes del producto.

Los productos de la clase de proteccién | con alimentacion mévil y enchufe individual solamente
podran enchufarse a tomas de corriente con contacto de seguridad y con conductor de proteccion
conectado.

Queda prohibida la interrupcién intencionada del conductor de proteccién, tanto en la toma de
corriente como en el mismo producto. La interrupcion puede tener como consecuencia el riesgo de
gue el producto sea fuente de choques eléctricos. Si se utilizan cables alargadores o regletas de
enchufe, debera garantizarse la realizacién de un examen regular de los mismos en cuanto a su
estado técnico de seguridad.

Si el producto no est& equipado con un interruptor para desconectarlo de la red, o bien si el
interruptor existente no resulta apropiado para la desconexion de la red, el enchufe del cable de
conexion se debera considerar como un dispositivo de desconexion.

El dispositivo de desconexién se debe poder alcanzar facilmente y debe estar siempre bien accesible.
Si, p. €]., el enchufe de conexion a la red es el dispositivo de desconexién, la longitud del cable de
conexion no debe superar 3 m).

Los interruptores selectores o electrénicos no son aptos para el corte de la red eléctrica. Si se
integran productos sin interruptor en bastidores o instalaciones, se debera colocar el interruptor en el
nivel de la instalacion.

No utilice nunca el producto si esta dafiado el cable de conexién a red. Compruebe regularmente el
correcto estado de los cables de conexion a red. Asegurese, mediante las medidas de proteccién y
de instalacion adecuadas, de que el cable de conexién a red no pueda ser dafiado o de que nadie
pueda ser dafiado por él, p. €j. al tropezar o por un choque eléctrico.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Instrucciones de seguridad elementales

Solamente esta permitido el funcionamiento en redes de alimentacion TN/TT aseguradas con fusibles
de 16 A como maximo (utilizacién de fusibles de mayor amperaje solo previa consulta con el grupo de
empresas Rohde & Schwarz).

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. La no observacion de estas medidas puede provocar
chispas, fuego y/o lesiones.

No sobrecargue las tomas de corriente, los cables alargadores o las regletas de enchufe ya que esto
podria causar fuego o choques eléctricos.

En las mediciones en circuitos de corriente con una tension Ug; > 30 V se deberan tomar las medidas
apropiadas para impedir cualquier peligro (p. ej. medios de medicién adecuados, seguros, limitacion
de tensidn, corte protector, aislamiento etc.).

Para la conexiéon con dispositivos informaticos como un PC o un ordenador industrial, debe
comprobarse que éstos cumplan los estandares IEC60950-1/EN60950-1 o IEC61010-1/EN 61010-1
validos en cada caso.

A menos que esté permitido expresamente, no retire nunca la tapa ni componentes de la carcasa
mientras el producto esté en servicio. Esto pone a descubierto los cables y componentes eléctricos y
puede causar lesiones, fuego o dafos en el producto.

Si un producto se instala en un lugar fijo, se debera primero conectar el conductor de proteccion fijo
con el conductor de proteccion del producto antes de hacer cualquier otra conexién. La instalacion y
la conexidon deberan ser efectuadas por un electricista especializado.

En el caso de dispositivos fijos que no estén provistos de fusibles, interruptor automatico ni otros
mecanismos de seguridad similares, el circuito de alimentacién debe estar protegido de modo que
todas las personas que puedan acceder al producto, asi como el producto mismo, estén a salvo de
posibles dafios.

Todo producto debe estar protegido contra sobretension (debida p. ej. a una caida del rayo) mediante
los correspondientes sistemas de proteccion. Si no, el personal que lo utilice quedara expuesto al
peligro de choque eléctrico.

No debe introducirse en los orificios de la caja del aparato ningin objeto que no esté destinado a ello.
Esto puede producir cortocircuitos en el producto y/o puede causar choques eléctricos, fuego o
lesiones.

Salvo indicacién contraria, los productos no estan impermeabilizados (ver también el capitulo
"Estados operativos y posiciones de funcionamiento”, punto 1). Por eso es necesario tomar las
medidas necesarias para evitar la entrada de liquidos. En caso contrario, existe peligro de choque
eléctrico para el usuario o de dafios en el producto, que también pueden redundar en peligro para las
personas.

No utilice el producto en condiciones en las que pueda producirse o ya se hayan producido
condensaciones sobre el producto o en el interior de éste, como p. €j. al desplazarlo de un lugar frio a
otro caliente. La entrada de agua aumenta el riesgo de choque eléctrico.

Antes de la limpieza, desconecte por completo el producto de la alimentacion de tension (p. €j. red de
alimentacion o bateria). Realice la limpieza de los aparatos con un pafio suave, que no se deshilache.
No utilice bajo ninglin concepto productos de limpieza quimicos como alcohol, acetona o diluyentes
para lacas nitrocelulésicas.
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Instrucciones de seguridad elementales

Funcionamiento

1.

El uso del producto requiere instrucciones especiales y una alta concentracion durante el manejo.
Debe asegurarse que las personas que manejen el producto estén a la altura de los requerimientos
necesarios en cuanto a aptitudes fisicas, psiquicas y emocionales, ya que de otra manera no se
pueden excluir lesiones o dafios de objetos. El empresario u operador es responsable de seleccionar
el personal usuario apto para el manejo del producto.

Antes de desplazar o transportar el producto, lea y tenga en cuenta el capitulo "Transporte".

Como con todo producto de fabricacion industrial no puede quedar excluida en general la posibilidad
de que se produzcan alergias provocadas por algunos materiales empleados —los llamados
alérgenos (p. €j. el niquel)—. Si durante el manejo de productos Rohde & Schwarz se producen
reacciones alérgicas, como p. €j. irritaciones cutaneas, estornudos continuos, enrojecimiento de la
conjuntiva o dificultades respiratorias, debe avisarse inmediatamente a un médico para investigar las
causas y evitar cualquier molestia o dafio a la salud.

Antes de la manipulacién mecénica y/o térmica o el desmontaje del producto, debe tenerse en cuenta
imprescindiblemente el capitulo "Eliminacién/proteccion del medio ambiente”, punto 1.

Ciertos productos, como p. €]. las instalaciones de radiocomunicacion RF, pueden a causa de su
funcion natural, emitir una radiacion electromagnética aumentada. Deben tomarse todas las medidas
necesarias para la proteccion de las mujeres embarazadas. También las personas con marcapasos
pueden correr peligro a causa de la radiacién electromagnética. El empresario/operador tiene la
obligacion de evaluar y sefalizar las areas de trabajo en las que exista un riesgo elevado de
exposicion a radiaciones.

Tenga en cuenta que en caso de incendio pueden desprenderse del producto sustancias téxicas
(gases, liquidos etc.) que pueden generar dafios a la salud. Por eso, en caso de incendio deben
usarse medidas adecuadas, como p. ej. mascaras antigas e indumentaria de proteccion.

Los productos con laser estan provistos de indicaciones de advertencia normalizadas en funcién de la
clase de laser del que se trate. Los rayos laser pueden provocar dafios de tipo biolégico a causa de
las propiedades de su radiacion y debido a su concentracién extrema de potencia electromagnética.
En caso de que un producto Rohde & Schwarz contenga un producto laser (p. €j. un lector de
CD/DVD), no debe usarse ninguna otra configuracion o funcion aparte de las descritas en la
documentacién del producto, a fin de evitar lesiones (p. ej. debidas a irradiacion laser).

Clases de compatibilidad electromagnética (conforme a EN 55011 / CISPR 11; y en analogia con EN

55022 / CISPR 22, EN 55032 / CISPR 32)

— Aparato de clase A:
Aparato adecuado para su uso en todos los entornos excepto en los residenciales y en aquellos
conectados directamente a una red de distribucion de baja tensiéon que suministra corriente a
edificios residenciales.
Nota: Los aparatos de clase A estan destinados al uso en entornos industriales. Estos aparatos
pueden causar perturbaciones radioeléctricas en entornos residenciales debido a posibles
perturbaciones guiadas o radiadas. En este caso, se le podra solicitar al operador que tome las
medidas adecuadas para eliminar estas perturbaciones.

— Aparato de clase B:
Aparato adecuado para su uso en entornos residenciales, asi como en aquellos conectados
directamente a una red de distribucién de baja tension que suministra corriente a edificios
residenciales.
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Instrucciones de seguridad elementales

Reparacion y mantenimiento

1.

El producto solamente debe ser abierto por personal especializado con autorizacion para ello. Antes
de manipular el producto o abrirlo, es obligatorio desconectarlo de la tension de alimentacion, para
evitar toda posibilidad de choque eléctrico.

El ajuste, el cambio de partes, el mantenimiento y la reparacion deberan ser efectuadas solamente
por electricistas autorizados por Rohde & Schwarz. Si se reponen partes con importancia para los
aspectos de seguridad (p. €j. el enchufe, los transformadores o los fusibles), solamente podran ser
sustituidos por partes originales. Después de cada cambio de partes relevantes para la seguridad
debera realizarse un control de seguridad (control a primera vista, control del conductor de
proteccién, medicién de resistencia de aislamiento, medicion de la corriente de fuga, control de
funcionamiento). Con esto queda garantizada la seguridad del producto.

Baterias y acumuladores o celdas

Si no se siguen (o se siguen de modo insuficiente) las indicaciones en cuanto a las baterias y
acumuladores o celdas, pueden producirse explosiones, incendios y/o lesiones graves con posible
consecuencia de muerte. El manejo de baterias y acumuladores con electrolitos alcalinos (p. €j. celdas de
litio) debe seqguir el estandar EN 62133.

1.
2.

No deben desmontarse, abrirse ni triturarse las celdas.

Las celdas o baterias no deben someterse a calor ni fuego. Debe evitarse el almacenamiento a la luz
directa del sol. Las celdas y baterias deben mantenerse limpias y secas. Limpiar las conexiones
sucias con un pafio seco y limpio.

Las celdas o baterias no deben cortocircuitarse. Es peligroso almacenar las celdas o baterias en
estuches o cajones en cuyo interior puedan cortocircuitarse por contacto reciproco o por contacto con
otros materiales conductores. No deben extraerse las celdas o baterias de sus embalajes originales
hasta el momento en que vayan a utilizarse.

Las celdas o baterias no deben someterse a impactos mecanicos fuertes indebidos.

En caso de falta de estanqueidad de una celda, el liquido vertido no debe entrar en contacto con la
piel ni los ojos. Si se produce contacto, lavar con agua abundante la zona afectada y avisar a un
médico.

En caso de cambio o recarga inadecuados, las celdas o baterias que contienen electrolitos alcalinos
(p. €j. las celdas de litio) pueden explotar. Para garantizar la seguridad del producto, las celdas o
baterias solo deben ser sustituidas por el tipo Rohde & Schwarz correspondiente (ver lista de
recambios).

Las baterias y celdas deben reciclarse y no deben tirarse a la basura doméstica. Las baterias o
acumuladores que contienen plomo, mercurio o cadmio deben tratarse como residuos especiales.
Respete en esta relacién las normas nacionales de eliminacion y reciclaje.

Transporte

1.

El producto puede tener un peso elevado. Por eso es necesario desplazarlo o transportarlo con
precaucion y, si es necesario, usando un sistema de elevacion adecuado (p. ej. una carretilla
elevadora), a fin de evitar lesiones en la espalda u otros dafios personales.
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Instrucciones de seguridad elementales

Las asas instaladas en los productos sirven solamente de ayuda para el transporte del producto por
personas. Por eso no esta permitido utilizar las asas para la sujecion en o sobre medios de transporte
como p. €j. gruas, carretillas elevadoras de horquilla, carros etc. Es responsabilidad suya fijar los
productos de manera segura a los medios de transporte o elevacion. Para evitar dafios personales o
dafos en el producto, siga las instrucciones de seguridad del fabricante del medio de transporte o
elevacién utilizado.

Si se utiliza el producto dentro de un vehiculo, recae de manera exclusiva en el conductor la
responsabilidad de conducir el vehiculo de manera segura y adecuada. El fabricante no asumira
ninguna responsabilidad por accidentes o colisiones. No utilice nunca el producto dentro de un
vehiculo en movimiento si esto pudiera distraer al conductor. Asegure el producto dentro del vehiculo
debidamente para evitar, en caso de un accidente, lesiones u otra clase de dafios.

Eliminacién/protecciéon del medio ambiente

1.

Los dispositivos marcados contienen una bateria o un acumulador que no se debe desechar con los
residuos domésticos sin clasificar, sino que debe ser recogido por separado. La eliminacién se debe
efectuar exclusivamente a través de un punto de recogida apropiado o del servicio de atencién al
cliente de Rohde & Schwarz.

Los dispositivos eléctricos usados no se deben desechar con los residuos domésticos sin clasificar,
sino que deben ser recogidos por separado.

Rohde & Schwarz GmbH & Co.KG ha elaborado un concepto de eliminacién de residuos y asume
plenamente los deberes de recogida y eliminacién para los fabricantes dentro de la UE. Para
desechar el producto de manera respetuosa con el medio ambiente, dirijase a su servicio de atencion
al cliente de Rohde & Schwarz.

Si se trabaja de manera mecéanica y/o térmica cualquier producto o componente mas alla del
funcionamiento previsto, pueden liberarse sustancias peligrosas (polvos con contenido de metales
pesados como p. ej. plomo, berilio o niquel). Por eso el producto solo debe ser desmontado por
personal especializado con formacién adecuada. Un desmontaje inadecuado puede ocasionar dafios
para la salud. Se deben tener en cuenta las directivas nacionales referentes a la eliminacién de
residuos.

En caso de que durante el trato del producto se formen sustancias peligrosas o combustibles que
deban tratarse como residuos especiales (p. €j. refrigerantes o aceites de motor con intervalos de
cambio definidos), deben tenerse en cuenta las indicaciones de seguridad del fabricante de dichas
sustancias y las normas regionales de eliminacion de residuos. Tenga en cuenta también en caso
necesario las indicaciones de seguridad especiales contenidas en la documentacién del producto. La
eliminacién incorrecta de sustancias peligrosas o combustibles puede causar dafios a la salud o
dafios al medio ambiente.

Se puede encontrar mas informacion sobre la proteccién del medio ambiente en la pagina web de
Rohde & Schwarz.
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Grundlegende Sicherheitshinweise

Lesen und beachten Sie unbedingt die nachfolgenden Anweisungen und Sicherheitshinweise!

Alle Werke und Standorte der Rohde & Schwarz Firmengruppe sind standig bemaht, den
Sicherheitsstandard unserer Produkte auf dem aktuellsten Stand zu halten und unseren Kunden ein
héchstmdogliches Mal? an Sicherheit zu bieten. Unsere Produkte und die dafiir erforderlichen Zusatzgerate
werden entsprechend der jeweils gultigen Sicherheitsvorschriften gebaut und gepriift. Die Einhaltung
dieser Bestimmungen wird durch unser Qualitatssicherungssystem laufend Uberwacht. Das vorliegende
Produkt ist gemaf beiliegender EU-Konformitatsbescheinigung gebaut und geprift und hat das Werk in
sicherheitstechnisch einwandfreiem Zustand verlassen. Um diesen Zustand zu erhalten und einen
gefahrlosen Betrieb sicherzustellen, muss der Benutzer alle Hinweise, Warnhinweise und Warnvermerke
beachten. Bei allen Fragen beziiglich vorliegender Sicherheitshinweise steht lhnen die Rohde & Schwarz
Firmengruppe jederzeit gerne zur Verfigung.

Darliber hinaus liegt es in der Verantwortung des Benutzers, das Produkt in geeigneter Weise zu
verwenden. Das Produkt ist ausschlie3lich fur den Betrieb in Industrie und Labor bzw., wenn ausdriicklich
zugelassen, auch fur den Feldeinsatz bestimmt und darf in keiner Weise so verwendet werden, dass einer
Person/Sache Schaden zugefligt werden kann. Die Benutzung des Produkts aul3erhalb des
bestimmungsgemafen Gebrauchs oder unter Missachtung der Anweisungen des Herstellers liegt in der
Verantwortung des Benutzers. Der Hersteller Gbernimmt keine Verantwortung fir die Zweckentfremdung
des Produkts.

Die bestimmungsgemaRe Verwendung des Produkts wird angenommen, wenn das Produkt nach den
Vorgaben der zugehdrigen Produktdokumentation innerhalb seiner Leistungsgrenzen verwendet wird
(siehe Datenblatt, Dokumentation, nachfolgende Sicherheitshinweise). Die Benutzung des Produkts
erfordert Fachkenntnisse und zum Teil englische Sprachkenntnisse. Es ist daher zu beachten, dass das
Produkt ausschlief3lich von Fachkréaften oder sorgféltig eingewiesenen Personen mit entsprechenden
Fahigkeiten bedient werden darf. Sollte fur die Verwendung von Rohde & Schwarz-Produkten personliche
Schutzausristung erforderlich sein, wird in der Produktdokumentation an entsprechender Stelle darauf
hingewiesen. Bewahren Sie die grundlegenden Sicherheitshinweise und die Produktdokumentation gut
auf und geben Sie diese an weitere Benutzer des Produkts weiter.

Die Einhaltung der Sicherheitshinweise dient dazu, Verletzungen oder Schaden durch Gefahren aller Art
auszuschlieRen. Hierzu ist es erforderlich, dass die nachstehenden Sicherheitshinweise vor der
Benutzung des Produkts sorgfaltig gelesen und verstanden sowie bei der Benutzung des Produkts
beachtet werden. Sadmtliche weitere Sicherheitshinweise wie z.B. zum Personenschutz, die an
entsprechender Stelle der Produktdokumentation stehen, sind ebenfalls unbedingt zu beachten. In den
vorliegenden Sicherheitshinweisen sind sdmtliche von der Rohde & Schwarz Firmengruppe vertriebenen
Waren unter dem Begriff ,,Produkt” zusammengefasst, hierzu zahlen u. a. Gerate, Anlagen sowie
samtliches Zubehor.
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Grundlegende Sicherheitshinweise

Symbole und Sicherheitskennzeichnungen

Symbol

Bedeutung

Symbol

Bedeutung

Achtung, allgemeine Gefahrenstelle

Produktdokumentation beachten

EIN-/AUS (Versorgung)

Vorsicht beim Umgang mit Geraten mit hohem
Gewicht

Stand-by-Anzeige

Gefahr vor elektrischem Schlag

Gleichstrom (DC)

Warnung vor hei3er Oberflache

Wechselstrom (AC)

Schutzleiteranschluss

Gleichstrom/Wechselstrom (DC/AC)

Erdungsanschluss

Gerat entspricht den Sicherheits-
anforderungen an die Schutzklasse Il
(Gerét durchgehend durch doppelte /
verstarkte Isolierung geschiitzt.

Masseanschluss des Gestells oder Gehauses

EU - Kennzeichnung fir Batterien und
Akkumulatoren.

Das Gerat enthélt eine Batterie bzw. einen
Akkumulator. Diese dirfen nicht Giber
unsortierten Siedlungsabfall entsorgt werden,
sondern sollten getrennt gesammelt werden.

Weitere Informationen siehe Seite 7.

Achtung beim Umgang mit elektrostatisch
geféhrdeten Bauelementen

EU - Kennzeichnung fir die getrennte
Sammlung von Elektro- und
Elektronikgeraten.

Elektroaltgerate durfen nicht Gber unsortierten
Siedlungsabfall entsorgt werden, sondern
missen getrennt gesammelt werden.

Weitere Informationen siehe Seite 7.

Warnung vor Laserstrahl

Produkte mit Laser sind je nach ihrer Laser-
Klasse mit genormten Warnhinweisen
versehen.

Laser kdnnen aufgrund der Eigenschaften
ihrer Strahlung und aufgrund ihrer extrem
konzentrierten elektromagnetischen Leistung
biologische Schaden verursachen.

Fur zuséatzliche Informationen siehe Kapitel
,Betrieb” Punkt 7.
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Grundlegende Sicherheitshinweise

Signalworte und ihre Bedeutung

Die folgenden Signalworte werden in der Produktdokumentation verwendet, um vor Risiken und Gefahren
Zu warnen.

kennzeichnet eine unmittelbare Gefahrdung mit hohem Risiko, die Tod oder
A GEFAHR schwere Koérperverletzung zur Folge haben wird, wenn sie nicht vermieden

wird.

kennzeichnet eine mégliche Gefahrdung mit mittlerem Risiko, die Tod oder
A WARNUNG (schwere) Korperverletzung zur Folge haben kann, wenn sie nicht vermieden
wird.

kennzeichnet eine Gefahrdung mit geringem Risiko, die leichte oder mittlere
A VORSICHT Kdrperverletzungen zur Folge haben kdnnte, wenn sie nicht vermieden wird.

weist auf die Mdglichkeit einer Fehlbedienung hin, bei der das Produkt
m Schaden nehmen kann.

Diese Signalworte entsprechen der im europaischen Wirtschaftsraum Ublichen Definition fur zivile
Anwendungen. Neben dieser Definition kdnnen in anderen Wirtschaftsraumen oder bei militarischen
Anwendungen abweichende Definitionen existieren. Es ist daher darauf zu achten, dass die hier
beschriebenen Signalworte stets nur in Verbindung mit der zugehérigen Produktdokumentation und nur in
Verbindung mit dem zugehdrigen Produkt verwendet werden. Die Verwendung von Signalworten in
Zusammenhang mit nicht zugehdrigen Produkten oder nicht zugehdrigen Dokumentationen kann zu
Fehlinterpretationen fiihren und damit zu Personen- oder Sachschaden fuhren.

Betriebszustande und Betriebslagen

Das Produkt darf nur in den vom Hersteller angegebenen Betriebszustanden und Betriebslagen ohne
Behinderung der Beliftung betrieben werden. Werden die Herstellerangaben nicht eingehalten, kann dies
elektrischen Schlag, Brand und/oder schwere Verletzungen von Personen, unter Umstanden mit
Todesfolge, verursachen. Bei allen Arbeiten sind die ortlichen bzw. landesspezifischen Sicherheits- und
Unfallverhitungsvorschriften zu beachten.

1. Sofern nicht anders vereinbart, gilt fir R&S-Produkte folgendes:
als vorgeschriebene Betriebslage grundsatzlich Gehduseboden unten, IP-Schutzart 2X,
Verschmutzungsgrad 2, Uberspannungskategorie 2, nur in Innenraumen verwenden, Betrieb bis
2000 m . NN, Transport bis 4500 m U. NN, fur die Nennspannung gilt eine Toleranz von +10%, fur
die Nennfrequenz eine Toleranz von +5%.

2. Stellen Sie das Produkt nicht auf Oberflachen, Fahrzeuge, Ablagen oder Tische, die aus Gewichts-
oder Stabilitdtsgriinden nicht dafiir geeignet sind. Folgen Sie bei Aufbau und Befestigung des
Produkts an Gegenstanden oder Strukturen (z.B. Wéande und Regale) immer den Installations-
hinweisen des Herstellers. Bei Installation abweichend von der Produktdokumentation kénnen
Personen verletzt, unter Umstéanden sogar getotet werden.

3. Stellen Sie das Produkt nicht auf hitzeerzeugende Gerétschaften (z.B. Radiatoren und Heizlifter). Die
Umgebungstemperatur darf nicht die in der Produktdokumentation oder im Datenblatt spezifizierte
Maximaltemperatur tiberschreiten. Eine Uberhitzung des Produkts kann elektrischen Schlag, Brand
und/oder schwere Verletzungen von Personen, unter Umstéanden mit Todesfolge, verursachen.
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Grundlegende Sicherheitshinweise

Elektrische Sicherheit

Werden die Hinweise zur elektrischen Sicherheit nicht oder unzureichend beachtet, kann dies elektrischen
Schlag, Brand und/oder schwere Verletzungen von Personen, unter Umstanden mit Todesfolge,
verursachen.

1.

10.

11.

Vor jedem Einschalten des Produkts ist sicherzustellen, dass die am Produkt eingestellte
Nennspannung und die Netznennspannung des Versorgungsnetzes lUbereinstimmen. Ist es
erforderlich, die Spannungseinstellung zu andern, so muss ggf. auch die dazu gehérige
Netzsicherung des Produkts geédndert werden.

Bei Produkten der Schutzklasse | mit beweglicher Netzzuleitung und Geratesteckvorrichtung ist der
Betrieb nur an Steckdosen mit Schutzkontakt und angeschlossenem Schutzleiter zulassig.

Jegliche absichtliche Unterbrechung des Schutzleiters, sowohl in der Zuleitung als auch am Produkt
selbst, ist unzuléssig. Es kann dazu fuihren, dass von dem Produkt die Gefahr eines elektrischen
Schlags ausgeht. Bei Verwendung von Verlangerungsleitungen oder Steckdosenleisten ist sicher-
zustellen, dass diese regelméRig auf ihren sicherheitstechnischen Zustand Uberprift werden.

Sofern das Produkt nicht mit einem Netzschalter zur Netztrennung ausgerustet ist, beziehungsweise
der vorhandene Netzschalter zu Netztrennung nicht geeignet ist, so ist der Stecker des
Anschlusskabels als Trennvorrichtung anzusehen.

Die Trennvorrichtung muss jederzeit leicht erreichbar und gut zuganglich sein. Ist z.B. der Netzstecker
die Trennvorrichtung, darf die Lange des Anschlusskabels 3 m nicht Gberschreiten.

Funktionsschalter oder elektronische Schalter sind zur Netztrennung nicht geeignet. Werden Produkte
ohne Netzschalter in Gestelle oder Anlagen integriert, so ist die Trennvorrichtung auf Anlagenebene
zu verlagern.

Benutzen Sie das Produkt niemals, wenn das Netzkabel beschadigt ist. Uberpriifen Sie regelmaRig
den einwandfreien Zustand der Netzkabel. Stellen Sie durch geeignete SchutzmalRnahmen und
Verlegearten sicher, dass das Netzkabel nicht beschadigt werden kann und niemand z.B. durch
Stolperfallen oder elektrischen Schlag zu Schaden kommen kann.

Der Betrieb ist nur an TN/TT Versorgungsnetzen gestattet, die mit héchstens 16 A abgesichert sind
(hdhere Absicherung nur nach Ricksprache mit der Rohde & Schwarz Firmengruppe).

Stecken Sie den Stecker nicht in verstaubte oder verschmutzte Steckdosen/-buchsen. Stecken Sie die
Steckverbindung/-vorrichtung fest und vollstandig in die dafiir vorgesehenen Steckdosen/-buchsen.
Missachtung dieser MalRnahmen kann zu Funken, Feuer und/oder Verletzungen fihren.

Uberlasten Sie keine Steckdosen, Verlangerungskabel oder Steckdosenleisten, dies kann Feuer oder
elektrische Schlage verursachen.

Bei Messungen in Stromkreisen mit Spannungen U > 30 V ist mit geeigneten MalRnahmen Vorsorge
zu treffen, dass jegliche Gefahrdung ausgeschlossen wird (z.B. geeignete Messmittel, Absicherung,
Strombegrenzung, Schutztrennung, Isolierung usw.).

Bei Verbindungen mit informationstechnischen Geréaten, z.B. PC oder Industrierechner, ist darauf zu
achten, dass diese der jeweils gultigen IEC 60950-1 / EN 60950-1 oder IEC 61010-1/ EN 61010-1
entsprechen.

Sofern nicht ausdrucklich erlaubt, darf der Deckel oder ein Teil des Gehauses niemals entfernt
werden, wenn das Produkt betrieben wird. Dies macht elektrische Leitungen und Komponenten
zuganglich und kann zu Verletzungen, Feuer oder Schaden am Produkt fuihren.
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12.

13.

14.

15.

16.

17.

18.

Grundlegende Sicherheitshinweise

Wird ein Produkt ortsfest angeschlossen, ist die Verbindung zwischen dem Schutzleiteranschluss vor
Ort und dem Gerateschutzleiter vor jeglicher anderer Verbindung herzustellen. Aufstellung und
Anschluss darf nur durch eine Elektrofachkraft erfolgen.

Bei ortsfesten Geraten ohne eingebaute Sicherung, Selbstschalter oder ahnliche Schutzeinrichtung
muss der Versorgungskreis so abgesichert sein, dass alle Personen, die Zugang zum Produkt haben,
sowie das Produkt selbst ausreichend vor Schaden geschiitzt sind.

Jedes Produkt muss durch geeigneten Uberspannungsschutz vor Uberspannung (z.B. durch
Blitzschlag) geschuitzt werden. Andernfalls ist das bedienende Personal durch elektrischen Schlag
gefahrdet.

Gegensténde, die nicht dafiir vorgesehen sind, diirfen nicht in die Offnungen des Gehauses
eingebracht werden. Dies kann Kurzschlisse im Produkt und/oder elektrische Schlage, Feuer oder
Verletzungen verursachen.

Sofern nicht anders spezifiziert, sind Produkte nicht gegen das Eindringen von Flissigkeiten
geschitzt, siehe auch Abschnitt "Betriebszustédnde und Betriebslagen”, Punkt 1. Daher missen die
Geréate vor Eindringen von Flussigkeiten geschiitzt werden. Wird dies nicht beachtet, besteht Gefahr
durch elektrischen Schlag fur den Benutzer oder Beschadigung des Produkts, was ebenfalls zur
Gefahrdung von Personen fithren kann.

Benutzen Sie das Produkt nicht unter Bedingungen, bei denen Kondensation in oder am Produkt
stattfinden kdnnte oder ggf. bereits stattgefunden hat, z.B. wenn das Produkt von kalter in warme
Umgebung bewegt wurde. Das Eindringen von Wasser erhoht das Risiko eines elektrischen
Schlages.

Trennen Sie das Produkt vor der Reinigung komplett von der Energieversorgung (z.B. speisendes
Netz oder Batterie). Nehmen Sie bei Geraten die Reinigung mit einem weichen, nicht fasernden
Staublappen vor. Verwenden Sie keinesfalls chemische Reinigungsmittel wie z.B. Alkohol, Aceton,
Nitroverdinnung.

Betrieb

1.

Die Benutzung des Produkts erfordert spezielle Einweisung und hohe Konzentration wahrend der
Benutzung. Es muss sichergestellt sein, dass Personen, die das Produkt bedienen, bezuglich ihrer
korperlichen, geistigen und seelischen Verfassung den Anforderungen gewachsen sind, da
andernfalls Verletzungen oder Sachschaden nicht auszuschlieRen sind. Es liegt in der Verantwortung
des Arbeitsgebers/Betreibers, geeignetes Personal fur die Benutzung des Produkts auszuwahlen.

Bevor Sie das Produkt bewegen oder transportieren, lesen und beachten Sie den Abschnitt
"Transport".

Wie bei allen industriell gefertigten Gultern kann die Verwendung von Stoffen, die Allergien
hervorrufen - so genannte Allergene (z.B. Nickel) - nicht generell ausgeschlossen werden. Sollten
beim Umgang mit R&S-Produkten allergische Reaktionen, z.B. Hautausschlag, haufiges Niesen,
Bindehautrdétung oder Atembeschwerden auftreten, ist umgehend ein Arzt aufzusuchen, um die
Ursachen zu klaren und Gesundheitsschaden bzw. -belastungen zu vermeiden.

Vor der mechanischen und/oder thermischen Bearbeitung oder Zerlegung des Produkts beachten Sie
unbedingt Abschnitt "Entsorgung”, Punkt 1.
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Grundlegende Sicherheitshinweise

Bei bestimmten Produkten, z.B. HF-Funkanlagen, kénnen funktionsbedingt erhéhte elektromag-
netische Strahlungen auftreten. Unter Beriicksichtigung der erhéhten Schutzwirdigkeit des unge-
borenen Lebens miissen Schwangere durch geeignete Ma3nahmen geschutzt werden. Auch Trager
von Herzschrittmachern kénnen durch elektromagnetische Strahlungen gefahrdet sein. Der
Arbeitgeber/Betreiber ist verpflichtet, Arbeitsstatten, bei denen ein besonderes Risiko einer Strahlen-
exposition besteht, zu beurteilen und zu kennzeichnen und mdégliche Gefahren abzuwenden.

Im Falle eines Brandes entweichen ggf. giftige Stoffe (Gase, Flussigkeiten etc.) aus dem Produkt, die
Gesundheitsschaden verursachen kénnen. Daher sind im Brandfall geeignete MalRhahmen wie z.B.
Atemschutzmasken und Schutzkleidung zu verwenden.

Falls ein Laser-Produkt in ein R&S-Produkt integriert ist (z.B. CD/DVD-Laufwerk), dirfen keine
anderen Einstellungen oder Funktionen verwendet werden, als in der Produktdokumentation beschrie-
ben, um Personenschaden zu vermeiden (z.B. durch Laserstrahl).

EMV Klassen (nach EN 55011 / CISPR 11; sinngemaf3 EN 55022 / CISPR 22, EN 55032 / CISPR 32)

Geréat der Klasse A:

Ein Gerat, das sich fur den Gebrauch in allen anderen Bereichen auf3er dem Wohnbereich und
solchen Bereichen eignet, die direkt an ein Niederspannungs-Versorgungsnetz angeschlossen sind,
das Wohngebéaude versorgt.

Hinweis: Diese Einrichtung kann wegen maglicher auftretender leitungsgebundener als auch
gestrahlten StérgréfZen im Wohnbereich Funkstérungen verursachen. In diesem Fall kann vom
Betreiber verlangt werden, angemessene MalRnahmen durchzufuhren.

Geréat der Klasse B:

Ein Gerat, das sich fur den Betrieb im Wohnbereich sowie in solchen Bereichen eignet, die direkt an
ein Niederspannungs-Versorgungsnetz angeschlossen sind, das Wohngebaude versorgt.

Reparatur und Service

1.

Das Produkt darf nur von dafir autorisiertem Fachpersonal getffnet werden. Vor Arbeiten am Produkt
oder Offnen des Produkts ist dieses von der Versorgungsspannung zu trennen, sonst besteht das
Risiko eines elektrischen Schlages.

Abgleich, Auswechseln von Teilen, Wartung und Reparatur darf nur von R&S-autorisierten
Elektrofachkréaften ausgefihrt werden. Werden sicherheitsrelevante Teile (z.B. Netzschalter,
Netztrafos oder Sicherungen) ausgewechselt, so dirfen diese nur durch Originalteile ersetzt werden.
Nach jedem Austausch von sicherheitsrelevanten Teilen ist eine Sicherheitsprifung durchzufiihren
(Sichtprufung, Schutzleitertest, Isolationswiderstand-, Ableitstrommessung, Funktionstest). Damit wird
sichergestellt, dass die Sicherheit des Produkts erhalten bleibt.

Batterien und Akkumulatoren/Zellen

Werden die Hinweise zu Batterien und Akkumulatoren/Zellen nicht oder unzureichend beachtet, kann dies
Explosion, Brand und/oder schwere Verletzungen von Personen, unter Umstanden mit Todesfolge,
verursachen. Die Handhabung von Batterien und Akkumulatoren mit alkalischen Elektrolyten (z.B.
Lithiumzellen) muss der EN 62133 entsprechen.

1.
2.

Zellen durfen nicht zerlegt, geéffnet oder zerkleinert werden.

Zellen oder Batterien durfen weder Hitze noch Feuer ausgesetzt werden. Die Lagerung im direkten
Sonnenlicht ist zu vermeiden. Zellen und Batterien sauber und trocken halten. Verschmutzte
Anschlisse mit einem trockenen, sauberen Tuch reinigen.
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Grundlegende Sicherheitshinweise

Zellen oder Batterien dirfen nicht kurzgeschlossen werden. Zellen oder Batterien dirfen nicht
gefahrbringend in einer Schachtel oder in einem Schubfach gelagert werden, wo sie sich gegenseitig
kurzschlieBen oder durch andere leitende Werkstoffe kurzgeschlossen werden kénnen. Eine Zelle
oder Batterie darf erst aus ihrer Originalverpackung entnommen werden, wenn sie verwendet werden
soll.

Zellen oder Batterien dirfen keinen unzulassig starken, mechanischen Stéf3en ausgesetzt werden.

Bei Undichtheit einer Zelle darf die Flussigkeit nicht mit der Haut in Beriihrung kommen oder in die
Augen gelangen. Falls es zu einer Beriihrung gekommen ist, den betroffenen Bereich mit reichlich
Wasser waschen und érztliche Hilfe in Anspruch nehmen.

Werden Zellen oder Batterien, die alkalische Elektrolyte enthalten (z.B. Lithiumzellen), unsachgeméan
ausgewechselt oder geladen, besteht Explosionsgefahr. Zellen oder Batterien nur durch den ent-
sprechenden R&S-Typ ersetzen (siehe Ersatzteilliste), um die Sicherheit des Produkts zu erhalten.

Zellen oder Batterien missen wiederverwertet werden und dirfen nicht in den Restmdll gelangen.
Akkumulatoren oder Batterien, die Blei, Quecksilber oder Cadmium enthalten, sind Sonderabfall.
Beachten Sie hierzu die landesspezifischen Entsorgungs- und Recycling-Bestimmungen.

Transport

1.

Das Produkt kann ein hohes Gewicht aufweisen. Daher muss es vorsichtig und ggf. unter
Verwendung eines geeigneten Hebemittels (z.B. Hubwagen) bewegt bzw. transportiert werden, um
Rickenschaden oder Verletzungen zu vermeiden.

Griffe an den Produkten sind eine Handhabungshilfe, die ausschlief3lich fir den Transport des
Produkts durch Personen vorgesehen ist. Es ist daher nicht zulassig, Griffe zur Befestigung an bzw.
auf Transportmitteln, z.B. Kranen, Gabelstaplern, Karren etc. zu verwenden. Es liegt in lhrer
Verantwortung, die Produkte sicher an bzw. auf geeigneten Transport- oder Hebemitteln zu
befestigen. Beachten Sie die Sicherheitsvorschriften des jeweiligen Herstellers eingesetzter
Transport- oder Hebemittel, um Personenschaden und Schaden am Produkt zu vermeiden.

Falls Sie das Produkt in einem Fahrzeug benutzen, liegt es in der alleinigen Verantwortung des
Fahrers, das Fahrzeug in sicherer und angemessener Weise zu filhren. Der Hersteller Gbernimmt
keine Verantwortung fur Unfélle oder Kollisionen. Verwenden Sie das Produkt niemals in einem sich
bewegenden Fahrzeug, sofern dies den Fahrzeugfuhrer ablenken kénnte. Sichern Sie das Produkt im
Fahrzeug ausreichend ab, um im Falle eines Unfalls Verletzungen oder Schéaden anderer Art zu
verhindern.

Entsorgung

1.

2.

Batterien bzw. Akkumulatoren, die nicht mit dem Hausmiill entsorgt werden dirfen, darf nach Ende
der Lebensdauer nur Gber eine geeignete Sammelstelle oder eine Rohde & Schwarz-
Kundendienststelle entsorgt werden.

Am Ende der Lebensdauer des Produktes darf dieses Produkt nicht tiber den normalen Hausmiill
entsorgt werden, sondern muss getrennt gesammelt werden.

Rohde & Schwarz GmbH & Co.KG ein Entsorgungskonzept entwickelt und Gibernimmt die Pflichten
der Ricknahme- und Entsorgung fur Hersteller innerhalb der EU in vollem Umfang. Wenden Sie sich
bitte an Ihre Rohde & Schwarz-Kundendienststelle, um das Produkt umweltgerecht zu entsorgen.
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Grundlegende Sicherheitshinweise

3. Werden Produkte oder ihre Bestandteile Giber den bestimmungsgemalfien Betrieb hinaus mechanisch
und/oder thermisch bearbeitet, kénnen ggf. gefahrliche Stoffe (schwermetallhaltiger Staub wie z.B.
Blei, Beryllium, Nickel) freigesetzt werden. Die Zerlegung des Produkts darf daher nur von speziell
geschultem Fachpersonal erfolgen. Unsachgemafles Zerlegen kann Gesundheitsschaden
hervorrufen. Die nationalen Vorschriften zur Entsorgung sind zu beachten.

4. Falls beim Umgang mit dem Produkt Gefahren- oder Betriebsstoffe entstehen, die speziell zu
entsorgen sind, z.B. regelméaRig zu wechselnde Kuhlmittel oder Motorendéle, sind die
Sicherheitshinweise des Herstellers dieser Gefahren- oder Betriebsstoffe und die regional giltigen
Entsorgungsvorschriften einzuhalten. Beachten Sie ggf. auch die zugehdérigen speziellen
Sicherheitshinweise in der Produktdokumentation. Die unsachgemafe Entsorgung von Gefahren-
oder Betriebsstoffen kann zu Gesundheitsschaden von Personen und Umweltschéden fiihren.

Weitere Informationen zu Umweltschutz finden Sie auf der Rohde & Schwarz Home Page.
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Consignes de securité fondamentales

Lisez et respectez impérativement les instructions et consignes de sécurité suivantes

Les usines et sites du groupe Rohde & Schwarz veillent a la conformité des produits du groupe avec les
normes de sécurité en vigueur dans un souci constant de garantir aux clients le plus haut niveau de
sécurité possible. Nos produits ainsi que les accessoires nécessaires sont fabriqués et testés
conformément aux régles de sécurité en vigueur. Le respect de ces regles est vérifié régulierement par
notre systeme d’assurance qualité. Le présent produit a été fabriqué et contrélé conformément au
certificat de conformité CE ci-joint et a quitté 'usine dans un parfait état de sécurité. Pour le maintenir
dans cet état et en garantir une utilisation sans danger, I'utilisateur doit respecter 'ensemble des
consignes, remarques de sécurité et avertissements qui se trouvent dans ce manuel. Le groupe

Rohde & Schwarz se tient a votre disposition pour toutes questions relatives aux présentes consignes de
sécurité.

Il incombe a l'utilisateur d’employer ce produit de maniére appropriée. Le produit est exclusivement
destiné a l'utilisation en industrie et en laboratoire et/ou, si cela a été expressément autorisé, également
aux travaux extérieurs ; il ne peut en aucun cas étre utilisé a des fins pouvant causer des dommages
corporels ou matériels. L’exploitation du produit en dehors de son utilisation prévue ou le non-respect des
consignes du fabricant se font sous la responsabilité de l'utilisateur. Le fabricant décline toute
responsabilité en cas d’utilisation non conforme du produit.

Le produit est présumé faire I'objet d’'une utilisation conforme lorsqu’il est utilisé conformément aux
consignes de la documentation produit correspondante et dans la limite de ses performances (voir fiche
technique, documentation, consignes de sécurité ci-aprés). L'utilisation du produit exige des compétences
en la matiére et des connaissances de base de I'anglais. Par conséquent, le produit ne devra étre utilisé
gue par un personnel qualifié ou des personnes formées de maniére approfondie et possédant les
compétences requises. Si, pour l'utilisation des produits Rohde & Schwarz, 'emploi d’'un équipement
personnel de protection s’avére nécessaire, il en est fait mention dans la documentation produit a
'emplacement correspondant. Conservez les consignes de sécurité fondamentales et la documentation
produit dans un lieu sOr et transmettez ces documents aux autres utilisateurs du produit.

La stricte observation des consignes de sécurité a pour but d’exclure des blessures ou dommages causés
par des dangers de toutes sortes. A cet effet, il est nécessaire de lire avec soin et de bien comprendre les
consignes de sécurité ci-dessous avant I'utilisation du produit et de les respecter lors de I'utilisation du
produit. Toutes les autres consignes de sécurité présentées a I'emplacement correspondant de la
documentation produit, par exemple, celles concernant la protection des personnes, doivent également
étre impérativement respectées. Dans les présentes consignes de sécurité, toutes les marchandises
commercialisées par le groupe Rohde & Schwarz, notamment les appareils, les systemes ainsi que les
accessoires, sont dénommeés « produit ».
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Consignes de sécurité fondamentales

Symboles et marquages de sécurité

Symbole

Signification

Symbole

Signification

Avis, source générale de danger

Se référer a la documentation produit

| O

MARCHE / ARRET (tension d’alimentation)

Attention lors de la manipulation d’appareils
ayant un poids élevé

O

Indicateur de veille

Risque de choc électrique

Courant continu (CC)

Avertissement, surface chaude

Courant alternatif (CA)

Borne de conducteur de protection

Courant continu/alternatif (CC/CA)

Borne de mise a la terre

L’appareil est conforme aux exigences de
sécurité du degré de protection I

(appareil entierement protégé par isolation
double/renforcée).

Borne de mise a la masse du bati ou du boitier

Marquage UE pour batteries et accumulateurs.

L’appareil contient une batterie ou un
accumulateur. Ces pieces ne peuvent pas étre
éliminées avec les déchets urbains non triés,
mais doivent faire I'objet d’'une collecte
séparée.

Pour plus d’informations, voir la page 7.

Avis : prudence lors de la manipulation de
composants sensibles aux décharges
électrostatiques

Marquage UE pour la collecte séparée
d’équipements électriques et électroniques.

Les déchets d’équipements électriques et
électroniques ne peuvent pas étre éliminés
avec les déchets urbains non triés, mais
doivent faire I'objet d’'une collecte séparée.

Pour plus d’informations, voir la page 7.

Avertissement, rayon laser

Les produits laser sont munis d’avertissements
normalisés d’aprés leur catégorie laser.

En raison des caractéristiques de leur
rayonnement ainsi que de leur puissance
électromagnétique extrémement concentrée,
les lasers peuvent causer des dommages
biologiques.

Pour plus d’informations, voir le chapitre
« Fonctionnement »", point 7.
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Consignes de sécurité fondamentales

Mots d’alerte et significations

Les mots d’alerte suivants sont utilisés dans la documentation produit pour avertir des risques et dangers.

A DANGER Indique une situation dangereuse immédiate qui, si elle n’est pas
évitée, comporte un risque élevé de blessures graves ou
mortelles.

Indique une situation dangereuse possible qui, si elle n’est pas

A AVERTISSEMENT évitée, comporte un risque modéré de blessures (graves) ou

mortelles.
Indique une situation dangereuse qui, si elle n’est pas évitée,
A ATTENTION comporte un risque faible de blessures mineures ou modérées.
Indique la possibilité d’'une fausse manceuvre susceptible
m d’endommager le produit.

Ces mots d’alerte correspondent a la définition habituelle utilisée pour des applications civiles dans
'espace économique européen. Des définitions divergentes peuvent cependant exister dans d’autres
espaces économiques ou dans le cadre d’applications militaires. Il faut donc veiller a ce que les mots
d’alerte décrits ici ne soient utilisés qu’en relation avec la documentation produit correspondante et
seulement avec le produit correspondant. L’utilisation des mots d’alerte en relation avec des produits ou
des documentations non correspondants peut conduire a des erreurs d’interprétation et par conséquent a
des dommages corporels ou matériels.

Etats et positions de fonctionnement

L’appareil ne doit étre utilisé que dans les états et positions de fonctionnement indiqués par le fabricant.
Tout obstacle a la ventilation doit étre empéché. Le non-respect des indications du fabricant peut
provoquer des chocs électriques, des incendies et/ou des blessures graves pouvant éventuellement
entrainer la mort. Pour tous les travaux, les régles locales et/ou nationales de sécurité et de prévention
des accidents doivent étre respectées.

1. Sauf stipulations contraires, les produits Rohde & Schwarz répondent aux exigences ci-apres :
faire fonctionner le produit avec le fond du boitier toujours en bas, degré de protection IP 2X, degré de
pollution 2, catégorie de surtension 2, utilisation uniquement a I'intérieur, fonctionnement a une
altitude max. de 2000 m au-dessus du niveau de la mer, transport a une altitude max. de 4500 m au-
dessus du niveau de la mer, tolérance de +10 % pour la tension nominale et de +5 % pour la
fréquence nominale.

2. Ne jamais placer le produit sur des surfaces, véhicules, dépdts ou tables non appropriés pour raisons
de stabilité ou de poids. Suivre toujours strictement les indications d’installation du fabricant pour le
montage et la fixation du produit sur des objets ou des structures (par exemple parois et étagéres). En
cas d'installation non conforme a la documentation produit, il y a risque de blessures, voire de mort.

3. Ne jamais placer le produit sur des dispositifs générant de la chaleur (par exemple radiateurs et
appareils de chauffage soufflants). La température ambiante ne doit pas dépasser la température
maximale spécifiée dans la documentation produit ou dans la fiche technique. Une surchauffe du
produit peut provoquer des chocs électriques, des incendies et/ou des blessures graves pouvant
éventuellement entrainer la mort.

1171.0000.43 - 08 Page 3



Consignes de sécurité fondamentales

Sécurité électrique

Si les consignes relatives a la sécurité électrique ne sont pas ou sont insuffisamment respectées, il peut
s’ensuivre des chocs électriques, des incendies et/ou des blessures graves pouvant éventuellement
entrainer la mort.

1.

10.

11.

Avant chaque mise sous tension du produit, il faut s’assurer que la tension nominale réglée sur le
produit correspond a la tension nominale du réseau électrique. S’il est nécessaire de modifier le
réglage de la tension, il faut remplacer le fusible du produit, le cas échéant.

L'utilisation des produits du degré de protection | pourvus d’un céble d’alimentation mobile et d’'un
connecteur n’est autorisée qu’avec des prises munies d’'un contact de protection et d’'un conducteur
de protection raccordé.

Toute déconnexion intentionnelle du conducteur de protection, dans le cable ou dans le produit lui-
méme, est interdite. Elle entraine un risque de choc électrique au niveau du produit. En cas
d’utilisation de cables prolongateurs ou de multiprises, ceux-ci doivent étre examinés régulierement
guant a leur état de sécurité technique.

Si le produit n’est pas doté d’un interrupteur d’alimentation pour le couper du réseau électrique ou si
I'interrupteur d’alimentation disponible n’est pas approprié pour couper le produit du réseau électrique,
le connecteur male du cable de raccordement est a considérer comme dispositif de séparation.

Le dispositif de séparation doit étre a tout moment facilement accessible. Si, par exemple, le
connecteur d’alimentation sert de dispositif de séparation, la longueur du cable de raccordement ne
doit pas dépasser 3 m.

Les commutateurs fonctionnels ou électroniques ne sont pas appropriés pour couper I'appareil du
réseau électrique. Si des produits sans interrupteur d’alimentation sont intégrés dans des bétis ou
systémes, le dispositif de séparation doit étre reporté au niveau du systeme.

Ne jamais utiliser le produit si le cable d’alimentation est endommagé. Vérifier régulierement le parfait
état du cable d’alimentation. Prendre les mesures préventives appropriées et opter pour des types de
pose tels que le cable d’alimentation ne puisse pas étre endommageé et que personne ne puisse subir
de préjudice, par exemple en trébuchant sur le cable ou par des chocs électriques.

L'utilisation des produits est uniquement autorisée sur des réseaux d’alimentation de type TN/TT
protégés par des fusibles d’une intensité max. de 16 A (pour toute intensité supérieure, consulter le
groupe Rohde & Schwarz).

Ne pas brancher le connecteur dans des prises d’alimentation sales ou poussiéreuses. Enfoncer
fermement le connecteur jusqu’au bout de la prise. Le non-respect de cette mesure peut provoquer
des étincelles, incendies et/ou blessures.

Ne pas surcharger les prises, les cables prolongateurs ou les multiprises, cela pouvant provoquer des
incendies ou chocs électriques.

En cas de mesures sur les circuits électriques d’une tension efficace > 30 V, prendre les précautions
nécessaires pour éviter tout risque (par exemple équipement de mesure approprié, fusibles, limitation
de courant, coupe-circuit, isolation, etc.).

En cas d’interconnexion avec des équipements informatiques comme par exemple un PC ou un
ordinateur industriel, veiller a ce que ces derniers soient conformes aux normes IEC 60950-1 /
EN 60950-1 ou IEC 61010-1/ EN 61010-1 en vigueur.

Sauf autorisation expresse, il est interdit de retirer le couvercle ou toute autre piéce du boitier lorsque
le produit est en cours de service. Les cables et composants électriques seraient ainsi accessibles, ce
qui peut entrainer des blessures, des incendies ou des dégéats sur le produit.
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12.

13.

14.

15.

16.

17.

18.

Consignes de sécurité fondamentales

Si un produit est connecté de fagon stationnaire, établir avant toute autre connexion le raccordement
du conducteur de protection local et du conducteur de protection du produit. L’installation et le
raccordement ne peuvent étre effectués que par un électricien ou électronicien qualifié.

Sur les appareils stationnaires sans fusible ni disjoncteur automatique ou dispositif de protection
similaire intégrés, le circuit d’alimentation doit étre sécurisé de sorte que toutes les personnes ayant
acces au produit et le produit lui-méme soient suffisamment protégés contre tout dommage.

Chaque produit doit étre protégé de maniére appropriée contre les éventuelles surtensions (par
exemple dues a un coup de foudre). Sinon, les utilisateurs sont exposés a des risques de choc
électrique.

Ne jamais introduire d’objets non prévus a cet effet dans les ouvertures du boitier, étant donné que
cela peut entrainer des courts-circuits dans le produit et/ou des chocs électriques, incendies ou
blessures.

Sauf spécification contraire, les produits ne sont pas protégés contre l'infiltration de liquides, voir aussi
la section « Etats et positions de fonctionnement », point 1. Il faut donc protéger les produits contre
linfiltration de liquides. La non-observation de cette consigne entraine le risque de choc électrique
pour l'utilisateur ou d’endommagement du produit, ce qui peut également mettre les personnes en
danger.

Ne pas utiliser le produit dans des conditions pouvant occasionner ou ayant déja occasionné, le cas
échéant, des condensations dans ou sur le produit, par exemple lorsque celui-ci est déplacé d’'un
environnement froid dans un environnement chaud. L’infiltration d’eau augmente le risque de choc
électrique.

Avant le nettoyage, débrancher le produit de I'alimentation (par exemple réseau électrique ou
batterie). Pour le nettoyage des appareils, utiliser un chiffon doux non pelucheux. N’utiliser en aucun
cas de produit de nettoyage chimique, tel que de I'alcool, de I'acétone ou un diluant nitrocellulosique.

Fonctionnement

1.

L'utilisation du produit exige une formation spécifique ainsi qu’une grande concentration. Il est
impératif que les personnes qui utilisent le produit présent les aptitudes physiques, mentales et
psychiques requises, vu qu’autrement des dommages corporels ou matériels ne peuvent pas étre
exclus. Le choix du personnel qualifié pour I'utilisation du produit est sous la responsabilité de
I'employeur/I'exploitant.

Avant de déplacer ou de transporter le produit, lire et respecter la section « Transport ».

Comme pour tous les biens produits de facon industrielle, I'utilisation de matériaux pouvant causer
des allergies (allergenes, comme par exemple le nickel) ne peut étre totalement exclue. Si, lors de
I'utilisation de produits Rohde & Schwarz, des réactions allergiques surviennent, telles qu’éruption
cutanée, éternuements fréquents, rougeur de la conjonctive ou difficultés respiratoires, il faut
immédiatement consulter un médecin pour en clarifier la cause et éviter toute atteinte a la santé.

Avant le traitement mécanique et/ou thermique ou le démontage du produit, il faut impérativement
observer la section « Elimination des déchets », point 1.
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Consignes de sécurité fondamentales

Selon les fonctions, certains produits, tels que des systemes de radiocommunication RF, peuvent
produire des niveaux élevés de rayonnement électromagnétique. Etant donné la vulnérabilité de
'enfant a naitre, les femmes enceintes doivent étre protégées par des mesures appropriées. Les
porteurs de stimulateurs cardiaques peuvent également étre menacés par les rayonnements
électromagnétiques. L’employeur/I'exploitant est tenu d’évaluer et de repérer les lieux de travail
soumis a un risque particulier d’exposition aux rayonnements et de prévenir les dangers éventuels.

En cas d’incendie, il se peut que le produit dégage des matiéres toxiques (gaz, liquides, etc.)
susceptibles de nuire a la santé. Il faut donc, en cas d’incendie, prendre des mesures adéquates
comme par exemple le port de masques respiratoires et de vétements de protection.

Si un produit laser est intégré dans un produit Rohde & Schwarz (par exemple lecteur CD/DVD), il ne
faut pas utiliser de réglages ou fonctions autres que ceux décrits dans la documentation produit pour
éviter tout dommage corporel (par exemple causé par rayon laser).

Classes CEM (selon EN 55011 / CISPR 11 ; selon EN 55022 / CISPR 22, EN 55032 / CISPR 32 par

analogie)

— Appareil de la classe A:
Appareil approprié a un usage dans tous les environnements autres que I’environnement
résidentiel et les environnements raccordés directement a un réseau d’alimentation basse tension
gui alimente des batiments résidentiels.
Remarque : ces appareils peuvent provoquer des perturbations radioélectriques dans
'environnement résidentiel en raison de perturbations conduites ou rayonnées. Dans ce cas, on
peut exiger que I'exploitant mette en ceuvre de mesures appropriées pour éliminer ces
perturbations.

— Appareilde laclasse B :
Appareil approprié a un usage dans I'environnement résidentiel ainsi que dans les
environnements raccordés directement & un réseau d’alimentation basse tension qui alimente des
batiments résidentiels.

Réparation et service aprés-vente

1.

Le produit ne doit étre ouvert que par un personnel qualifié et autorisé. Avant de travailler sur le
produit ou de I'ouvrir, il faut le couper de la tension d’alimentation ; sinon il y a risque de choc
électrique.

Les travaux d’ajustement, le remplacement des piéces, la maintenance et la réparation ne doivent
étre effectués que par des électroniciens qualifiés et autorisés par Rohde & Schwarz. En cas de
remplacement de pieces concernant la sécurité (notamment interrupteur d’alimentation,
transformateur d’alimentation réseau ou fusibles), celles-ci ne doivent étre remplacées que par des
piéces d’origine. Aprés chaque remplacement de piéces concernant la sécurité, une vérification de
sécurité doit étre effectuée (contréle visuel, vérification du conducteur de protection, mesure de la
résistance d’isolement et du courant de fuite, essai de fonctionnement). Cela permet d’assurer le
maintien de la sécurité du produit.

Batteries et accumulateurs/cellules

Si les instructions concernant les batteries et accumulateurs/cellules ne sont pas ou sont insuffisamment
respectées, cela peut provoquer des explosions, des incendies et/ou des blessures graves pouvant
entrainer la mort. La manipulation de batteries et accumulateurs contenant des électrolytes alcalins (par
exemple cellules de lithium) doit étre conforme a la norme EN 62133.
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Consignes de sécurité fondamentales

Les cellules ne doivent &tre ni démontées, ni ouvertes, ni réduites en morceaux.

Ne jamais exposer les cellules ou batteries a la chaleur ou au feu. Ne pas les stocker dans un endroit
ou elles sont exposées au rayonnement direct du soleil. Tenir les cellules et batteries au sec. Nettoyer
les raccords sales avec un chiffon sec et propre.

Ne jamais court-circuiter les cellules ou batteries. Les cellules ou batteries ne doivent pas étre
gardées dans une boite ou un tiroir ou elles peuvent se court-circuiter mutuellement ou étre court-
circuitées par d’autres matériaux conducteurs. Une cellule ou batterie ne doit étre retirée de son
emballage d’origine que lorsqu’on l'utilise.

Les cellules ou batteries ne doivent pas étre exposées a des chocs mécaniques de force non
admissible.

En cas de manque d’étanchéité d’une cellule, le liquide ne doit pas entrer en contact avec la peau ou
les yeux. S’il y a contact, rincer abondamment a I'eau I'endroit concerné et consulter un médecin.

Il y a danger d’explosion en cas de remplacement ou chargement incorrect des cellules ou batteries
gui contiennent des électrolytes alcalins (par exemple cellules de lithium). Remplacer les cellules ou
batteries uniquement par le type Rohde & Schwarz correspondant (voir la liste des piéces de
rechange) pour maintenir la sécurité du produit.

Il faut recycler les cellules ou batteries et il est interdit de les éliminer comme déchets normaux. Les
accumulateurs ou batteries qui contiennent du plomb, du mercure ou du cadmium sont des déchets
spéciaux. Observer les régles nationales d’élimination et de recyclage.

Transport

1.

Le produit peut avoir un poids élevé. Il faut donc le déplacer ou le transporter avec précaution et en
utilisant le cas échéant un moyen de levage approprié (par exemple, chariot élévateur) pour éviter des
dommages au dos ou des blessures.

Les poignées des produits sont une aide de manipulation exclusivement réservée au transport du
produit par des personnes. Il est donc proscrit d’utiliser ces poignées pour attacher le produit a ou sur
des moyens de transport, tels que grues, chariots et chariots élévateurs, etc. Vous étes responsable
de la fixation sdre des produits a ou sur des moyens de transport et de levage appropriés. Observer
les consignes de sécurité du fabricant des moyens de transport ou de levage utilisés pour éviter des
dommages corporels et des dégats sur le produit.

L'utilisation du produit dans un véhicule se fait sous I'unique responsabilité du conducteur qui doit
piloter le véhicule de maniére s(re et appropriée. Le fabricant décline toute responsabilité en cas
d’accidents ou de collisions. Ne jamais utiliser le produit dans un véhicule en mouvement si cela
pouvait détourner I'attention du conducteur. Sécuriser suffisamment le produit dans le véhicule pour
empécher des blessures ou dommages de tout type en cas d’accident.

Elimination des déchets

1.

Au terme de leur durée de vie, les batteries ou accumulateurs qui ne peuvent pas étre éliminés avec
les déchets ménagers peuvent uniquement étre éliminés par des points de collecte appropriés ou par
un centre de service aprés-vente Rohde & Schwarz.
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Consignes de sécurité fondamentales

2. Auterme de sa durée de vie, un produit ne peut pas étre éliminé avec les déchets ménagers
normaux, mais doit étre collecté séparément.
Rohde & Schwarz GmbH & Co. KG a développé un concept d’élimination des déchets et assume
toutes les obligations en matiére de reprise et d’élimination, valables pour les fabricants au sein de
'UE. Veuillez vous adresser a votre centre de service aprés-vente Rohde & Schwarz pour éliminer le
produit de maniére écologique.

3. Siles produits ou leurs composants sont travaillés mécaniquement et/ou thermiquement au-dela de
l'utilisation prévue, ils peuvent, le cas échéant, libérer des substances dangereuses (poussiéres
contenant des métaux lourds comme par exemple du plomb, du béryllium ou du nickel). Le
démontage du produit ne doit donc étre effectué que par un personnel qualifié et spécialement formé.
Le démontage inadéquat peut nuire a la santé. Les regles nationales concernant I'élimination des
déchets doivent étre observées.

4. Si, lors de l'utilisation du produit, des substances dangereuses ou combustibles exigeant une
élimination spéciale sont dégagées, comme par exemple liquides de refroidissement ou huiles
moteurs qui sont & changer régulierement, les consignes de sécurité du fabricant de ces substances
dangereuses ou combustibles ainsi que les régles sur I'élimination en vigueur au niveau régional
doivent étre respectées. Les consignes de sécurité spéciales correspondantes dans la documentation
produit doivent également étre respectées, le cas échéant. L’élimination non conforme des
substances dangereuses ou combustibles peut provoquer des atteintes a la santé et des dommages
écologiques.

Pour plus d’informations concernant la protection de I'environnement, voir la page d’accueil de
Rohde & Schwarz.
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Safety instructions for rechargeable lithium ion
batteries

Risk of serious personal injury or even death.

A WARNING

You must fully observe the following instructions in order to
avoid serious personal injury — or even death — due to an
explosion and/or fire.

1. Do not dismantle, open or crush the batteries or drop them from a great height. If
mechanical damage occurs, there is a risk that chemicals may be released. Gases
that are released can cause breathing difficulties. Immediately ventilate the area and
in serious cases consult a doctor.

Irritation can occur if the chemicals that are released come in contact with the skin or
eyes. If this happens, immediately and thoroughly rinse the skin or eyes with water
and consult a doctor.

2. Do not expose cells or batteries to heat or fire. Do not store them in direct sunlight.
If overheating occurs, there is the risk of an explosion or a fire, which can lead to
serious personal injuries.

3. Keep the batteries clean and dry. If the terminals become soiled, clean them with a
dry, clean cloth.

4. Charge the batteries prior to using them.
Only use the appropriate Rohde & Schwarz charger to charge the batteries. See the
device manual or data sheet for the exact designation of the charger.
If the batteries are improperly charged, there is a risk of explosion, which can cause
serious personal injury.

5. The charging temperature must be between 0 °C and 45 °C
(see manual for information on possible restrictions).

6. Discharging may take place only at temperatures between 0 °C and 50 °C
(see manual for information on possible restrictions).

7. Only charge batteries until they are fully charged. Frequent overcharging can reduce
the battery lifetime.

8. Remove the battery from the device when the battery is not being used. Following a
longer period of storage, it may be necessary to charge and discharge the battery
several times in order to obtain the full capacity.

9. Only use the battery with designated Rohde & Schwarz devices. See the device
manual for detalils.

10. Do not dispose of the batteries with unsorted municipal waste. The batteries must be
collected separately. After the end of their life, dispose of the batteries at a suitable
collection point or via a Rohde & Schwarz customer service center.

EU labeling for batteries and secondary cells

11.Keep this safety information for future reference.
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Instrucciones de seguridad
para baterias recargables de ion litio

Posibilidad de lesiones graves que en determinadas
circunstancias puede causar la muerte.

[ A ADVERTENCIA |

Tenga en cuenta los siguientes avisos en caso de explosion y/o
incendio para impedir lesiones graves en personas que, en
determinadas circunstancias, podrian incluso causar la muerte.

1. No desarme las baterias, no las abra, no las triture ni las deje caer desde una gran
altura.
En caso de dafios mecanicos existe el riesgo de salida de sustancias quimicas.
En caso de salida de gases pueden producirse dificultades respiratorias. Ventile
inmediatamente la habitacién y acuda a un médico en casos graves.
Si sustancias quimicas provenientes de la bateria entran en contacto con la piel o
los ojos pueden producirse irritaciones. Enjuague en estos casos la piel y los ojos
inmediatamente con abundante agua y acuda a un médico.

2. No exponga las celdas o baterias al calor ni al fuego. No las almacene bajo la luz
solar directa. En caso de sobrecalentamiento existe peligro de explosion o de
incendio, lo que puede provocar lesiones graves en personas.

3. Mantenga las baterias limpias y secas. Si los conectores estan sucios, limpielos con
un pafio seco y limpio.

4. Cargue las baterias antes de su uso.
Solamente esta permitido cargar la bateria con el correspondiente cargador de
Rohde & Schwarz. Consulte en el manual o en las especificaciones técnicas del
equipo la denominacion exacta del cargador.
Si las baterias se cargan de forma incorrecta existe peligro de explosion, lo que
podria causar lesiones graves en personas.

5. Latemperatura de carga debe encontrarse entre 0 °C y 45 °C
(consulte el manual para posibles restricciones).

6. La descarga solamente puede efectuarse entre 0 °C y 50°C
(consulte el manual para posibles restricciones).

7. Cargue las baterias solamente el tiempo necesario hasta que se hayan cargado por
completo. La sobrecarga frecuente reduce la vida util de la bateria.

8. Extraiga la bateria del equipo si no se va a utilizar. Después de un periodo de
almacenamiento prolongado puede ser necesario cargar y descargar varias veces la
bateria para recuperar su capacidad completa.

9. Utilice la bateria exclusivamente con los equipos Rohde & Schwarz
correspondientes. Consulte para ello el manual del equipo.

10.No elimine las baterias junto con los residuos urbanos sin clasificar, sino por
separado. Para eliminar la bateria una vez finalizada su vida util, dirijase a un punto
de recogida de residuos adecuado o a una oficina de representacion de
Rohde & Schwarz.

Etiquetado de la UE para baterias y acumuladores

11.Conserve estas instrucciones de seguridad para fines de informacion y consulta
posterior.
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Sicherheitshinweise
fur wiederaufladbare Li-lon-Batterien

Mogliche schwere Verletzungen, unter Umstanden mit
A WARNUNG Todesfolge.

Beachten Sie die folgenden Hinweise vollstandig, um schwere
Verletzungen von Personen - unter Umstadnden mit Todesfolge -
durch Explosion und/oder Brand zu verhindern.

1. Batterien nicht zerlegen, 6ffnen, zerkleinern oder aus grof3er Hohe fallen lassen.
Bei mechanischer Beschadigung besteht die Gefahr des Austritts von Chemikalien.
Austretende Gase konnen zu Atembeschwerden fiihren. Sofort llften, in schweren
Fallen einen Arzt konsultieren.

Bei Haut- oder Augenkontakt mit austretenden Chemikalien kbnnen Hautirritationen
und Reizungen auftreten. In diesen Fallen die Haut oder Augen sofort grindlich mit
Wasser ausspulen und einen Arzt konsultieren.

2. Zellen oder Batterien weder Hitze noch Feuer aussetzen. Nicht im direkten
Sonnenlicht lagern. Bei Uberhitzung besteht die Gefahr einer Explosion oder eines
Brandes, was zu schweren Verletzungen bei Personen flihren kann.

3. Batterien sauber und trocken halten. Falls die Anschliisse verschmutzt sind, mit
einem trockenen, sauberen Tuch reinigen.

4. Batterien vor dem Gebrauch laden.
Die Batterie darf ausschlie3lich mit dem entsprechenden Rohde &Schwarz
Ladegerat geladen werden. Siehe Handbuch oder Datenblatt des Gerates fur die
genaue Bezeichnung des Ladegerates.
Wenn Batterien unsachgeman geladen werden, besteht Explosionsgefahr, was zu
schweren Verletzungen bei Personen flihren kann.

5. Die Ladetemperatur muss zwischen 0 °C und 45 °C betragen
(fir mogliche Einschrankungen siehe Handbuch).

6. Ein Entladen darf nur zwischen 0 °C und 50 °C erfolgen
(fur mogliche Einschréankungen siehe Handbuch).

7. Batterien nur so lange laden, bis sie vollstandig aufgeladen sind. Ein haufiges
Uberladen fihrt zu einer geringeren Lebensdauer der Batterie.

8. Die Batterie aus dem Geréat entfernen, wenn sie nicht benutzt wird. Nach langerer
Lagerzeit kann es erforderlich sein, die Batterie mehrmals zu laden und zu entladen,
um die volle Leistungsfahigkeit zu erlangen.

9. Die Batterie nur mit dafir vorgesehenen Rohde & Schwarz-Geraten betreiben. Siehe
dazu das Handbuch des Gerates.

10. Die Batterien nicht Gber unsortierten Siedlungsabfall entsorgen, sondern getrennt
sammeln. Nach Ende der Lebensdauer Uber eine geeignete Sammelstelle oder eine
Rohde&Schwarz-Kundendienststelle entsorgen.

EU - Kennzeichnung fur Batterien und Akkumulatoren

11.Diese Sicherheitsinformationen flr zukinftige Informations- und Nachschlagezwecke
aufbewahren.

1171.1507.71 - 01 3



Consignes de securité pour batteries rechargeables
lithium-ion

Risque de blessures graves pouvant entrainer la mort.

[ A AVERTISSEMENT |

Respecter intégralement les consignes ci-dessous afin
d'éliminer tout risque de blessures graves voire mortelles par
suite d'explosion et/ou d'incendie.

1. Ne pas démonter, ouvrir ou découper les batteries ni les faire tomber d'une hauteur
importante. Des produits chimiques peuvent s'écouler en cas de détérioration
mécanique et les gaz libérés peuvent provoquer des difficultés respiratoires. Aérer
immédiatement les locaux. Dans les cas graves, consulter un médecin. Si la peau ou
les yeux entrent en contact avec les produits chimiques libérés, des irritations
peuvent se produire. Rincer immédiatement et abondamment la peau ou les yeux a
I'eau claire et consulter un médecin.

2. Ne pas exposer les cellules ou les batteries a la chaleur ou au feu. Ne pas les
stocker dans un endroit exposé a la lumiere directe du soleil. Toute surchauffe risque
de provoquer une explosion ou un incendie, ce qui peut entrainer des blessures
graves.

3. Conserver les batteries dans un lieu sec et propre. Nettoyer les points de contact
sales a l'aide d'un chiffon sec et propre.

4. Charger les batteries avant utilisation. Utiliser seulement le chargeur
Rohde & Schwarz approprié pour recharger les batteries. Les références exactes du
chargeur sont indiquées dans le manuel ou la fiche technique de I'appareil. Une
recharge incorrecte des batteries peut entrainer des explosions susceptibles de
causer des blessures graves.

5. Recharger impérativement a des températures comprises entre 0 °C et 45 °C
(restrictions éventuelles : voir le manuel).

6. Décharger impérativement a des températures comprises entre 0 °C et 50 °C
(restrictions éventuelles : voir le manuel).

7. Terminer la charge dés que les batteries sont completement rechargées. Une
surcharge répétée diminue la longévité des batteries.

8. Retirer les batteries de I'appareil lorsqu'elles ne sont pas utilisées. Aprés un
stockage prolongé, plusieurs cycles de recharge et de décharge peuvent s'avérer
nécessaires pour rétablir la pleine capacité des batteries.

9. Utiliser les batteries exclusivement dans les appareils Rohde & Schwarz auxquels
elles sont destinées. Voir le manuel fourni avec chaque appareil.

10.Ne pas éliminer les batteries avec les déchets municipaux non triés mais s'assurer
gu'elles soient collectées séparément. Recycler les batteries en fin de vie en les
confiant a un point de collecte compétent ou a un point de service apres-vente
Rohde & Schwarz.

Marquage UE pour batteries et accumulateurs

11.Conserver ces consignes de sécurité de sorte a pouvoir vous y reporter ou verifier
ultérieurement certains points.
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Customer Support

Technical support — where and when you need it

For quick, expert help with any Rohde & Schwarz equipment, contact one of our Customer Support
Centers. A team of highly qualified engineers provides telephone support and will work with you to find a
solution to your query on any aspect of the operation, programming or applications of Rohde & Schwarz
equipment.

Up-to-date information and upgrades

To keep your instrument up-to-date and to be informed about new application notes related to your
instrument, please send an e-mail to the Customer Support Center stating your instrument and your wish.
We will take care that you will get the right information.

Europe, Africa, Middle East Phone +49 89 4129 12345
customersupport@rohde-schwarz.com

North America Phone 1-888-TEST-RSA (1-888-837-8772)
customer.support@rsa.rohde-schwarz.com

Latin America Phone +1-410-910-7988
customersupport.la@rohde-schwarz.com

Asia/Pacific Phone +6565 1304 88
customersupport.asia@rohde-schwarz.com

China Phone +86-800-810-8228 /
+86-400-650-5896
customersupport.china@rohde-schwarz.com

ROHDE&SCHWARZ

1171.0200.22-06.00
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Preface

1 Getting Started

1.1 Preface

1.1.1 Key Features

The R&S RTH is the perfect multi-purpose tool for the lab and in the field. Outstanding

key features are:

® Full isolation of all channels and interfaces

e CAT IV 600V /CATIII 1000 V safety rating

e Bandwidth 60 MHz to 500 MHz with 5 GS/s sampling rate

® Acquisition speed up to 50.000 waveforms per second

® 2 mV/div sensitivity

e Upto 200 V offset range

® 33 automatic measurement functions

® Full operation using touch or keypad

® Wireless LAN and Ethernet for web based remote control and quick data access
(optional)

The R&S RTH combines:

® | ab performance oscilloscope

® | ogic analyzer with 8 digital inputs (optional)

® Protocol analyzer with trigger and decode (optional)

® Data logger

® Digital multimeter (R&S RTH1002)

1.1.2 Input Isolation

The instrument has independently floating isolated inputs. Each input channel has its
own signal input and its own reference input. Each input channel is electrically isolated
from the other input channels. Therefore, each reference of the used inputs must be
connected to a reference voltage. Furthermore, input channels are electrically isolated
from the communication ports and the power adapter input.
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CH4 DC and/or AC voltage
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T =
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Figure 1-1: Isolation scheme of the R&S RTH

The input isolation has several advantages:

® You can measure independently floating signals simultaneously.

® The risk of causing a short circuit while measuring multiple signals is reduced sub-
stantially.

® \When measuring signals with different grounds, the induced ground currents are
kept to a minimum.

1.1.3 Measurement Categories

To ensure safe operation of measurement instruments, IEC 61010-2-030 defines par-
ticular safety requirements for testing and measuring circuits. The standard introduces
measurement categories that rate instruments on their ability to resist short transient
overvoltages that occur in addition to the working voltage of the instrument and can
exceed the working voltage many times over.

Measurement categories are distinguished as follows:

® O - Instruments without rated measurement category
For measurements performed on circuits not directly connected to mains, for exam-
ple, electronics, circuits powered by batteries, and specially protected secondary
circuits. This measurement category is also known as CAT I.

e CATI:
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1.1.4

For measurements performed on circuits directly connected to the low-voltage
installation by a standard socket outlet, for example, household appliances and
portable tools.

CAT IlI:

For measurements performed in the building installation, such as junction boxes,
circuit breakers, distribution boards, and equipment with permanent connection to
the fixed installation.

CAT IV:

For measurements performed at the source of the low-voltage installation, such as
electricity meters and primary overcurrent protection devices.

Low voltage High voltage
0 (CATI) CAT Il CAT il CAT IV
e (>
S |

PG

r — — -I@]

DXXXKX

| ]
Powerlsupply Wall slocket MainI fuse Transflormer

Figure 1-2: Examples of measurement categories

The higher the category, the higher the expected transient overvoltage. Overvoltages
can overload a circuit and cause electrical and physical damage. Therefore, use the
measurement instrument only in electrical environments for which the instrument is
rated.

The measurement categories correspond to the overvoltage categories of the
IEC60664 standards. Working voltages stated in context with measurement categories
are always specified as effective voltages V (RMS) against earth ground.

Documentation Overview

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

Instrument Help
The instrument help is part of the instrument's firmware. It offers quick, context-
sensitive access to the complete information directly on the instrument.

Basic Safety Instructions
This brochure provides safety instructions and operating conditions and further
important information. The brochure is delivered with the instrument in printed form.

Getting Started

The Getting Started manual provides the information needed to set up and start
working with the instrument, and describes basic operations. The English edition of
this manual is delivered with the instrument in printed form. Editions in other lan-

e
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guages and the newest version of the English manual are available on the product
website.

® User Manual
The user manual describes all instrument modes and functions in detail. It also pro-
vides an introduction to remote control and a complete description of the remote
control commands with programming examples. The newest version of the manual
is available in English on the R&S RTH product website at www.rohde-
schwarz.com/manual/rth.

® Data Sheet
The data sheet contains the complete instrument specification. It also lists the
options and their order numbers, and optional accessories. The data sheet is avail-
able on the R&S RTH product website at www.rohde-schwarz.com/brochure-data-
sheet/rth.

® (Calibration Certificate
The document is available on https://gloris.rohde-schwarz.com/calcert.

® Open Source Acknowledgment
The Open Source Acknowledgment document provides verbatim license text of
open source software that is used in the instrument's firmware. It is available on the
R&S RTH website at www.rohde-schwarz.com/firmware/rth, and it can be read
directly on the instrument.

® |nstrument security procedures manual
Provides information on security issues when working with the R&S RTH in secure
areas.

® Application cards and application notes
These documents deal with special applications or background information on par-
ticular topics. See www.rohde-schwarz.com/application/rth

1.2 Preparing for Use

This section describes the basic steps to be taken when setting up the R&S RTH for
the first time.
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https://www.rohde-schwarz.com/application/rth/
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A WARNING

Shock hazard caused by high voltages

The instrument must be used in an appropriate manner to prevent electric shock, fire,

personal injury, or damage.

® Do not open the instrument casing.

® Do not use the instrument if the instrument casing, the display or any probe or
accessory are damaged. If you detect or suspect any damage, have the instrument
or accessory inspected by qualified service personnel.

® Use only specified probes and accessories that comply with the measurement cat-
egory of your measurement task.
If you use other than Rohde & Schwarz accessories, make sure that they are suita-
ble to the instrument and the measurement task.

® Do not operate the instrument in wet, damp or explosive atmospheres.
Make sure that all connectors are completely dry before connecting the inputs.

® Voltages higher than 30 V RMS or 42 V peak or 60 V DC are regarded as hazard-
ous contact voltages. Make sure that only electrically skilled persons may use the
R&S RTH for measurements on hazardous contact voltages because these work-
ing conditions require special education and experience to perceive risks and to
avoid hazards which electricity can create.

® Observe the operating conditions specified in the data sheet. Note that the general
safety instructions also contain information on operating conditions that will prevent
damage to the instrument.

® Read and observe the "Basic Safety Instructions" delivered as a printed brochure
with the instrument. In addition, read and observe the safety instructions in the fol-
lowing sections.

1.2.1 Unpacking the Instrument

When you receive your shipping package, unpack and inspect the package and its
contents for damage.

1. Inspect the package for damage.
If the packaging material shows any signs of stress, notify the carrier as well as
your Rohde & Schwarz service center. Keep the package and cushioning material
for inspection. Keep a damaged package and the cushioning material until the con-
tents have been checked for completeness and the instrument has been tested.

2. Unpack the handheld scope and the accessories and check the contents for com-
pleteness, see "Package contents" on page 12.
If anything is missing, contact your Rohde & Schwarz service center.

3. Inspect the handheld scope and the accessories.
If there is any damage or defect, or if the R&S RTH does not operate properly,
notify your Rohde & Schwarz service center.

HE
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Packing material

Retain the original packing material. If the instrument needs to be transported or ship-
ped at a later date, you can use the material to protect the control elements and con-
nectors.

Package contents

The delivery package contains the following items:

® R&S RTH handheld scope

® 4 Gbyte microSD card, installed in the battery compartment

® Power adapter with cable and adapter set for various socket types

® Battery pack

® R&S RT-ZI10 probes (2x for R&S RTH1002; 4x for R&S RTH1004)

® DMM test leads (only for R&S RTH1002)

® Hand strap, attached on the handheld scope

® Printed "Getting Started" manual and "Basic Safety Instructions" brochure

Optional accessories and their order numbers are listed in the data sheet.

1.2.2 Inserting and Charging the Battery

Before you can use the handheld scope for the first time, insert the battery pack and
charge it.

Risk of electrical shock during battery replacement

® Disconnect power supply, probes, test leads and all other cables before opening
the battery cover.

® Use only the specified Li-lon battery pack, which is delivered with the instrument.
You can order additional battery packs at Rohde & Schwarz, see Data Sheet for
order number.

® Do not operate the instrument with the battery cover open.
® Use only the specified power adapter, which is delivered with the instrument.
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1. Turn off the instrument power. Remove power supply, probes, test leads and all
other cables.

Fold out the tilt stand on the back of the instrument.
Screw open the battery cover.
Insert the battery pack.

Screw down the battery cover.

I T

Connect the power adapter to the connector on the left side of the scope, and fully
charge the battery. Charging may take a few hours.
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If the instrument is on, the battery status is shown on the display.

ﬁ Replace used batteries periodically by new batteries after 24 months of usage.

Observe the safety regulations in the "Batteries and rechargeable batteries/cells" chap-
ter in the "Basis Safety Instructions" brochure, which is delivered with the instrument.

1.2.3 Powering On/Off

» Pressthe & POWER key to switch the instrument on or off.

The key blinks and turns green after a few seconds.

Table 1-1: Colors of the Power key

Green Power is on
Blue Charging the battery, power is off
Orange (yellow) Battery is fully charged, power adapter is connected, power is off

If you do not use the instrument for a longer time, the battery gets exhausted. When
you connect the power supply and switch on the instrument with exhausted battery, it
takes a few minutes until the instrument can start.

1.2.4 Using the Tilt Stand

The R&S RTH has a tilt stand for proper handling while the scope is placed on a table.
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» Pull the tilt stand as shown below.

1.2.5 EMI Suppression

Electromagnetic Interference (EMI) may affect the measurement results.

To suppress generated Electromagnetic Interference:

® Use suitable shielded cables of high quality. For example use double-shielded RF
and LAN cables.

® Always terminate open cable ends.
® Note the EMC classification in the data sheet.
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1.3 Instrument Tour

1.3.1 Front View

RTH1002 - Digital Oscilloscope : Isolated - 5 GSals

x: 4251 mv Top= 1881mV  sony S ENNem  Trig?
: 40320 B w: 15730 i
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Figure 1-3: Front panel of the R&S RTH1002

= Touch display

= Waveform setup with AUTOSET, reset to default with PRESET
= Analysis functions

= Mode selection

= Save/Recall

= Instrument settings

= Power on/off

= Navigation controls

9 = Horizontal settings

10 = Run/stop acquisition and trigger settings
11 = Acquisition settings

12 = Screenshot and documentation output
13 = Channels and vertical settings

14 = Multimeter measurements

0N O WN -~
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RTH1004 - Digital Oscilloscope - Isolated - 5 GSa/s

Mac: 4251mv ED Tep: 1881wV sony M ENem  Trig!
®: 40320 EN u: 1573 n

SHIFT

SIGNAL w LEVEL

ACQUIRE 1 1

12 13

Figure 1-4: Front panel of the R&S RTH1004

= Touch display

= Waveform setup with AUTOSET, reset to default with PRESET
= Analysis functions

= Mode selection

= Save/Recall

= Instrument settings

= Power on/off

= Navigation controls

9 = Horizontal settings

10 = Run/stop acquisition and trigger settings
11 = Acquisition settings

12 = Screenshot and documentation output
13 = Channels and vertical settings

0N O WN -

For a description of the keys, see Chapter 1.4.1.3, "Using Front Panel Keys",
on page 29.
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1.3.2 Top View

The R&S RTH1002 has two BNC input connectors CH1 and CH2, and two 4 mm
banana plug inputs for multimeter measurements. The channel inputs have double
channel-to-channel isolation that allows for independent floating measurements at
each input. The DMM input is fully isolated from scope inputs, interfaces, and ground.

) Meter Input
300V CAT IV & 600V CAT IV / 1000V CAT Ill
EXT TRIG

’ AllInputs
R o

Figure 1-5: Top view of R&S RTH1002

The R&S RTH1004 has four BNC input connectors CH1, CH2, CH3, CH4. The channel
inputs have double channel-to-channel isolation that allows for independent floating
measurements at each input.

1000V CAT Il
<

Al Inputs Isolated

Figure 1-6: Top view of R&S RTH1004

Shock hazard caused by high voltages

To avoid electrical shock and personal injury, and to prevent damage to the instrument
or any other products connected to it, observe the following:

® Do not apply input voltages above the rating of the instrument and the accessories.

® Use only probes, test leads, and adapters that comply with the measurement cate-
gory (CAT) of your measurement task.

® Testleads and measurement accessories used for multimeter measurements on a
live mains circuit must be rated for CAT IIl or CAT IV according to IEC 61010-031.
The voltage of the measured circuit must not exceed the rated voltage value.

Maximum input voltage:

® At BNC inputs: CAT IV 300 V

®  With probe R&S RT-ZI10 or R&S RT-ZI11: CAT IV 600 V, CAT Il 1000 V

® Meter input: CAT IV 600 V; CAT IIl 1000 V

Voltage ratings: V RMS (50 to 60 Hz) for AC sine wave and V DC for DC applications.
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Risk of electrical shock or fire

Voltages higher than 30 V RMS or 42 V peak or 60 V DC are regarded as hazardous
contact voltages. When working with hazardous contact voltages, use appropriate pro-
tective measures to preclude direct contact with the measurement setup:

® Use only insulated voltage probes, test leads and adapters.
® Do not touch voltages higher than 30 V RMS or 42 V peak or 60 V DC.

1.3.3

See also: Chapter 1.1.2, "Input Isolation”, on page 7.

Right View

1=LAN

2 = USB type B for remote control
3 = Probe compensation

4 = USB type A for flash drive

5 = Logic probe connector

CAUTION

Risk of injury or instrument damage

Always close the lids of the communication ports and DC input when they are not in
use.

LAN connector

RJ-45 connector to connect the instrument to a Local Area Network (LAN). It supports
up to 100 Mbit/s.

USB type A connector

USB type A connector to connect a USB flash drive to store and reload instrument set-
tings and measurement data.
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USB type B connector (mini USB)

Mini USB connector to connect a computer for remote control of the instrument.

Probe compensation

Probe compensation terminal to support adjustment of passive probes to the oscillo-
scope channel.

Logic probe connector

Input for the logic probe R&S RT-ZL04. Logic analysis requires Mixed Signal Option
R&S RTH-B1, which includes the logic probe R&S RT-ZL04.

Risk of electrical shock - no CAT rating for MSO measurements

The logic probe R&S RT-ZL04 is not rated for any measurement category. To avoid
electrical shock or personal injury, and to prevent material damage, make sure that the
ground clips of the R&S RT-ZL04 are connected to protective earth on the DUT.

1.3.4 Left View

1 = DC input
2 = Kensington lock slot

DC input
Connector for the power adapter to charge the battery.

Kensington lock slot

The Kensington lock is used to secure the instrument against theft.
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1.3.5 Rear View

1 = Tilt stand to fold out
2 = Thread hole M5
3 = Battery compartment

1.3.6 Display Overview

In the most important modes scope, mask and XY, the display shows the following
information.
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= Measurement results, depends on the mode and the selected measurement

= Time scale (horizontal scale, in s/division)

= Trigger type, trigger source, and trigger mode

= Capture status

= Battery status and AC connectivity for battery charging; date and time

= Trigger level marker, has the color of the trigger source

= Trigger position marker, has the color of the trigger source

= Channel markers indicate the ground levels. Channel C3 has the focus

= Vertical settings for each active channel: vertical scale (vertical sensitivity, in V/division), bandwidth limit
(no indicator = full bandwidth, BW= limited frequency), coupling (AC or DC)

10 = Logic channels (MSO R&S RTH-B1)

11 = Menu button

/
\

© oo NOoO O~ WN -

You can adjust the vertical position of each waveform, the trigger level, and the trigger
position by dragging the corresponding marker on the display. Alternatively, tap a
marker to set the focus, and use the wheel to adjust position.

1.4 Operating Basics

1.4.1 Accessing the Functionality

The complete functionality is available in the menus and dialogs on the touchscreen.
You can touch the functions directly on the display, or you can use the wheel to navi-
gate and select. In addition, the most important functions are applied to the keys on the
front panel to set up and perform measurement tasks quickly.

|
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1.4.1.1 Using the Touchscreen

Using the touchscreen of the R&S RTH is as easy as using your mobile phone. To
open the menu, tap the "Menu" button - that is the R&S logo in the right bottom corner
of the display.

? Help

\J o

Vertical A

Acquire

Cursor

f(x)

L00m iath

Figure 1-7: Open the menu and select a menu item
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Figure 1-9: Enter numerical value and unit

1.4.1.2 Using the Navigation Wheel

In addition or alternatively to the touchscreen, you can use the wheel to control the
R&S RTH.
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When using the wheel, always observe the position of the focus - the orange frame or
other highlighting that marks the active object on the screen.
® |[f the focus is on the menu button or somewhere in the menu or dialogs:

— Turn the wheel to move the focus.

— Press the wheel button to apply the selection.

® |f the focus is on an element in the diagram, for example, on a waveform, cursor
line, or trigger level:

— Turn the wheel to change the position of the active element.

— Press the wheel button to toggle the active element, for example, to toggle the
cursor lines, or zoom size and zoom position.

The BACK key closes open dialogs and menus, and resets the focus to the "Menu"
button.

Menu navigation

The following procedure describes how to access and navigate the menu. Navigating
dialogs and selecting parameter values works in the same way. See also Figure 1-10.

1. Press BACK until the focus is on the "Menu" button.

2. Press the wheel button to open the menu.

3. Turn the wheel to move the focus to the required menu item.
4

Press the wheel button to open the dialog, submenu, or keypad for the selected
menu item.
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] ®

Vertical T

Acquire

Logic

7'4

Trigger

Y

—

Horizontal Cursor

® )

Z0om Math

Figure 1-10: Open the menu and select a menu item

Set numerical value using the wheel
1. Set the focus to the required setting, and press the wheel button once.
2. Turn the wheel until the required value is shown.

3. Press BACK.
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Trigger Mode Trigger Mode
Auto Auto

Trigger Type | Trigger Type
Edge Edge

Source Source

Cl (1

Slope

. - ISR

Trigger Level Q Trigger Level
Zoom 2 my Zoom

Slope

Horizontal Horizontal

Holdoff Mode Holdoff tode

Figure 1-11: Set numerical value using the wheel

Data entry using wheel and keypad

You can enter precise numerical values on the keypad. See also Figure 1-12.

1. Set the focus to the required setting, and press the wheel button twice.
Turn the wheel until the focus is on the required number.

2

3. Press the wheel button.

4. Turn the wheel until the focus is on the required unit.
5

Press the wheel button.
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Trigger Level
Logic
Trigger Type

Edge 7;|I'
Source
C1 Inc

§lope ‘
- 1
Trigger Level Q

Zoom

Horizontal

(SHIFT)

Holdoff Mode

Trigger Level

&

Inc

(SHIFT) [SHIFT)

Figure 1-12: Enter numerical value and unit in the keypad

m The SHIFT button toggles the wheel focus in the keypad. If the focus is on the entry
v field, turning the wheel changes the value. If the focus is in the lower part, the wheel

SHIFT .
BHIFT selects numbers and unit.
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1.4.1.3 Using Front Panel Keys

For an overview of the front panel keys, see Figure 1-4

Operating Basics

Key

Press shortly

Press and hold

AUTOSET analyses the active channels,
adjusts the instrument settings, and displays
stable waveforms.

PRESET sets the instrument to the default fac-
tory state.

MEAS starts or stops the last configured auto-
matic measurements.

Opens or closes the "Meas"
dialog to configure the mea-
surements.

ZOOM enables or disables the zoom with the
last configuration.

If the zoom is on but not in focus, pressing the
key focuses the zoom.

Opens or closes the "Zoom"
dialog to configure the zoom
scale and position.

-
-

CURSOR

CURSOR starts or stops the last configured
cursor measurement.

If the cursor is on but not in focus, pressing the
key sets the focus to the first cursor line.

Opens or closes the "Cursor"
dialog to configure the mea-
surement.

MATH switches the math waveform on or off.

Opens or closes the "Math"
dialog to configure the math
waveform.

Requires logic analyzer option R&S RTH-B1
(MSO).

The effect depends on the state of digital chan-
nels:

If the all digital channels are off, the key
switches them on and sets the focus.

If the digital channels are on but not in focus,
the key sets the focus.

If the focus is on digital channels, the key
switches them off.

Opens or closes the "Logic"
dialog to configure digital chan-
nels.

Activates or deactivates the serial bus.
Requires at least one serial triggering and
decoding option. Available options are listed in
the data sheet.

Opens or closes the "Bus" dia-
log to configure serial proto-
cols.

SHIFT opens a dialog to save and load instru-
ment settings.

Press and hold for 2 seconds
to disable or enable the touch-
screen.

If a dialog or menu is open, BACK closes it. If the menu is closed, the key tog-
gles the focus between focused element in the diagram and the Menu button.
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Key Press shortly Press and hold

Open or close the "Mode", "File" or "Setup" dialog, respectively.

Saves measurement documentation: Opens or closes the "Screen-
shot" dialog to configure the
screenshot and the "one touch"
output.

Only screenshot if "one touch" is off. ZIP file
with selected data if "one touch" is on.

All R&S RTH: The effect depends on the channel state: Open or close the "Vertical"
dialog for the corresponding
channel to configure the chan-
nel settings.

If the channel is off, the key switches on the
CH1 CH2 channel and sets the focus. The key lights up.

If the channel is on but not in focus, the key
Only R&S RTH1004: | sets the focus. The key lights up.

CH3 CHa

Only R&S RTH1002: DMM starts or stops the meter measurements | Opens or closes the "Meter"
(same as MODE = "Meter"). dialog to configure the mea-

> y
DMM DRuEllM DMM REL enables or disables relative meter surements.
measurements.

TIME and POS adjust the horizontal time scale and position of the trigger point.

RANGE and POS set the vertical scale (vertical sensitivity) and the vertical posi-
tion of the focused waveform (analog or channel, math or reference waveform).

SIGNAL OFF switches off the focused wave-

s'g;"ﬁm' form.

RUN STOP starts and stops the acquisition.

SETUP opens or closes the "Trigger" dialog to select the trigger type and adjust
the trigger settings.
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Press shortly Press and hold

LEVEL activates the trigger level to be set using the wheel. If the trigger type has
two trigger levels, pressing the key toggles the upper and lower levels.

ACQUIRE opens or closes the "Acquire" dialog to adjust the acquisition mode.

POWER key: switches the power on or off

1.4.2 Selecting the Mode

A mode comprises all settings and functions that are needed to perform a measure-
ment task. Selecting the mode is the first setup step.

1. Press the MODE

2. Select the mode:

key.

e On the touchscreen: Tap the required mode icon.
e Using controls: Turn the wheel until the required mode is marked, and press
the wheel button to select the mode.
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Remote command:

OP[ :MODE] on page 251

1.4.3 Displaying an Unknown Signal
The R&S RTH can display unknown, complex signals automatically. The AUTOSET
function analyzes the enabled channel signals, and adjusts the horizontal, vertical, and

trigger settings to display stable waveforms.

1. Press the PRESET key.

PRESET sets the instrument to a default factory state. The previous user-defined
configuration is removed and all channels except for channel 1 are disabled.

2. Press the AUTOSET key.

The waveform is displayed.

1.4.4 Getting Information and Help

In most dialogs, graphics explain the meaning of the selected setting. For further infor-
mation, you can open the help, which provides functional description of the settings
with links to the corresponding remote commands, and background information.

1.4.41 Displaying Help

® "To open the help window" on page 32
® "To show information on a setting" on page 33
® "To close the help window" on page 33

To open the help window

» Tap the "Help" icon on the top of the menu.

2015-05-06
14:17:06

If a dialog is open, the dialog's help topic is shown beside the dialog.
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If a menu is open, the table of contents is shown.

To show information on a setting

If a dialog and the help window are open, you can easily call the information on each
setting of the dialog.

» Tap the setting's name.

The corresponding help topic is displayed.

View Contents Index Search 1 ] -

Waveform Setup > Yertical Setup > Coupling

Coupling

Selects the connection of the input signal. The current coupling of
each channel is shown in the channel label at the display bottomn.

50 mVy/ ,'

"AC" A high-pass filter removes the DC offset voltage from the
input signal if the DC component of a signal is of no interest
The waveform is centered around zero volts.

"DC" The signal passes the input unchanged. Bandwidth

Full
Remote command:
CHANnel<m>: COUPling

Invert

Top Probe Setting

o IEVEVE - I - I

If you tap the switch or the entry field, you can adjust the setting without closing the
help window.

View Contents Index Search 1

Waveform Setup > Verical Setup > Coupling

Coupling

Selects the connection of the input signal. The current coupling of

each channel is shown in the channel label at the display bottom.
Logic

o IEEVEE. State
7'4
"AC" A high-pass filter removes the DC offset voltage from the Couplin
input signal if the DC component of a signal is of no intereg v Trigger
The waveform is centered around zero volts. -
A . Bandwidth \,
DC" The signal passes the input unchanged. : —

7ontal
Remote command:

CHANnel<m>: COUPling Q

Top Zoom
o IR - I -

To close the help window

» Tap the "Close" icon in the upper right corner of the help window, or press BACK.
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1.4.4.2 Using the Help Window

The help window has several tabs:
View Contents Index Search

® "View": shows the selected help topic.

® "Contents": contains a table of help contents.

® "Index": contains index entries to search for help topics.
® "Search": provides text search.

The help toolbar provides the following buttons:

® Up and down arrows: browse the topics in the order of the table of contents. Up =
previous topic, down = next topic.

e | eft and right arrows: browse the topics visited before: Left = back, right = forward.
® Magnifiers: increase or decrease the font.
® x: closes the help window.

To search for a topic in the index

The index is sorted alphabetically. You can browse the list, or search for entries.
1. Tap the "Index" tab.

2. Tap the entry field on top of the list.

3. Enter some characters of the keyword you are interested in.
You can use the Backspace key to delete single characters, and "Clear" to delete
all characters in the "Keyword" field.

4. Tap the Enter key.
Now only index entries are displayed that contain the keyword characters.

5. To delete the keyword:
a) Tap the entry field again.
b) Tap "Clear".
c) Tap the Enter key.
To search the help for a text string
1. Tap the "Search" tab.
2. Tap the entry field on the top.

3. Enter the words you want to find.
If you enter several words with blanks between, topics containing all words are
found.



1.5

1.5.1

Maintenance

To find a string of several words, enclose it in quotation marks. For example, a
search for "trigger mode" finds all topics with exactly "trigger mode". A search for
trigger mode finds all topics that contain the words trigger and mode.

4. Tap the Enter key.
A list of search results is displayed.

5. To refine the search, use "Match Whole Word" and "Match Case", and tap "Start
Search".

Maintenance

The instrument does not need a periodic maintenance. Only cleaning the instrument is
essential.

The addresses of the Rohde & Schwarz support centers can be found at
www.customersupport.rohde-schwarz.com.

A list of service centers is available on www.services.rohde-schwarz.com.

Cleaning

Shock hazard

Before cleaning the instrument, remove all probes, leads, USB and LAN cables and
power supply.

Instrument damage caused by cleaning agents

Cleaning agents contain substances that may damage the instrument. For example,
cleaning agents that contain a solvent may damage the front panel labeling, plastic
parts, or the display.

Never use cleaning agents such as solvents (thinners, acetone, etc), acids, bases, or
other substances.

The outside of the instrument can be cleaned sufficiently using a soft, lint-free dust
cloth.

1.5.2

Data Storage and Security

The instrument is delivered with the 4 Gbyte microSD card inserted and ready to use.
We recommend that you do not remove the microSD card.


http://www.customersupport.rohde-schwarz.com
http://www.services.rohde-schwarz.com

Maintenance

All instrument configuration data and user data are stored on the microSD card. In
addition, a fallback firmware is stored on the microSD card to boot the instrument if an
update failed.

If you use the instrument in a secured environment, you can remove the microSD card
before the instrument leaves this area. The microSD card slot is under the right lid
under the battery pack.

You can also change the microSD card if you need more memory. The instrument sup-
ports microSD cards up to 32 Gbyte.

1.5.3 Storing and Packing

The storage temperature range of the instrument is given in the data sheet. If the
instrument is to be stored for a longer period of time, it must be protected against dust.

Repack the instrument as it was originally packed when transporting or shipping. The
two protective foam plastic parts prevent the control elements and connectors from
being damaged. The antistatic packing foil avoids any undesired electrostatic charging
to occur.

If you do not use the original packaging, use a sturdy cardboard box of suitable size
and provide for sufficient padding to prevent the instrument from slipping inside the
package. Wrap antistatic packing foil around the instrument to protect it from electro-
static charging.
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2 Waveform Setup

2.1 Connecting Probes

A WARNING

Shock hazard caused by high voltages

Make sure to set the attenuation factor on the instrument according to the probe being
used. Otherwise, the measurement results do not reflect the actual voltage level, and
you might misjudge the actual risk.

1. Connect the probe(s) first to the channel input(s) at the top of the instrument, and
then to the DUT.

2. Press and hold the CH key of the used input.
3. Select "Probe Setting".

4. Select the attenuation factor of the probe.
The probe's attenuation factor is indicated on the probe.

1:1 100 V/A

10:1(\ 20 /A DC.
20:1 Bandwidth
Full

Invert

100:1

200:1 10 mV//A .
CH2 | Probe Setting

1000:1 1 mV/A o

Offset

Horizontal

Deskew

Note: If you perform current measurements using a shunt resistor as a current sen-
sor, you have to multiply the V/A-value of the resistor by the attenuation of the
probe. For example, if a 1 Q resistor and a 10:1 probe is used, the V/A-value of the
resistor is 1 V/A, the attenuation factor of the probe is 0.1, and the resulting current
probe attenuation is 100 mV/A.

HE
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2.2 Vertical Setup

The controls and parameters of the vertical system adjust the scale and position of the
waveform vertically.

% 1. To set vertical scale and position, use the RANGE and POS keys.

2. To adjust other vertical settings, select "Vertical" in the main menu.

Vertical scale and vertical position affect the resolution of the waveform amplitude

directly. To get the full resolution, make sure that the waveforms cover most of the
screen's height.

2.2.1 Vertical Settings

As long as the "Vertical" menu is open, the probe settings of active channels are
shown on top of the display.
Channel Index

1 2 @

Channel 1

Coupling

Probe Setting
1:1
Bandwidth
Full

Offset

Deskew

Technology
User

Value

Channel Index

Selects the channel to be configured. All settings in the channel menu belong to the
selected channel.

User Manual 1326.1578.02 — 08 38



R&S®Scope Rider RTH Waveform Setup

You can also shortly press the channel key to select a channel. If you press and hold
the channel key, the corresponding channel menu opens.

Channel <n>
Switches the selected channel on or off.

Remote command:
CHANnel<m>:STATe on page 252

Coupling
Selects the connection of the input signal. The current coupling of each channel is
shown in the channel label at the display bottom.

AC coupling. A high-pass filter removes the DC offset voltage from
the input signal if the DC component of a signal is of no interest. The
waveform is centered on zero volts.

= DC coupling, the signal passes the input unchanged.

Remote command:
CHANnel<m>:COUPling on page 254

Probe Setting

Selects the attenuation factor of the connected probe. The vertical scaling and mea-
sured values are multiplied by this factor so that the displayed values are equal to the
actual signal values.

Make sure to set the attenuation factor on the instrument according to the probe being
used. Otherwise, the measurement results do not reflect the actual voltage level, and
you might misjudge the actual risk.

Bandwidth
Selects the bandwidth limit. The full instrument bandwidth indicates the range of fre-
quencies that the instrument can acquire and display accurately with less than 3 dB
attenuation.

For analog applications, the highest signal frequency determines the required oscillo-
scope bandwidth. The oscilloscope bandwidth should be at least 3 times higher than
the maximum frequency included in the analog test signal to measure the amplitude

with high accuracy.

Most test signals are more complex than a simple sine wave and include several spec-
tral components. A digital signal, for example, is built up of several odd harmonics. For
digital signals, the oscilloscope bandwidth should be at least 5 times higher than the
clock frequency to be measured.

The oscilloscope is not an autonomous system. You need a probe to measure the sig-
nal, and the probe has a limited bandwidth, too. The combination of oscilloscope and
probe creates a system bandwidth. To reduce the effect of the probe on the system
bandwidth, the probe bandwidth should exceed the bandwidth of the oscilloscope, the
recommended factor is 1.5 x oscilloscope bandwidth.

See also: Chapter 2.2.2, "Effect of the Bandwidth Filter", on page 41.
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For FFT analysis, the channel bandwidth also determines the frequency range dis-
played in the spectrum (see "Frequency range" on page 104).

"Full" At full bandwidth, all frequencies in the specified range are acquired
and displayed. Full bandwidth is used for most applications.

"X MHz, x kHz" Frequency limit. Frequencies above the selected limit are removed to
reduce noise at different levels. Limited bandwidth is indicated in the
channel label.

1

Remote command:
CHANnel<m>:BANDwidth on page 254

Offset

Sets an offset voltage that is added to correct an offset-affected signal. The value is
included in measurement results. The signal is shifted in relation to the ground level by
the offset value. Negative offset values move the waveform down, positive values
move it up.

Remote command:
CHANnel<m>:0FFSet on page 254

Deskew
Sets a delay for the selected channel.

Deskew compensates delay differences between channels caused by the different
length of cables, probes, and other sources. Correct deskew values are important for
accurate triggering. The propagation delay may lead to a non-synchronous waveform
display. For example, a coax cable with a length of 1 meter has a propagation delay of
typically 5.3 ns.

Remote command:
CHANnel<m>:DESKew on page 255

Technology, Value

Sets the threshold, which is used to obtain the signal state. If the signal value is higher
than the threshold, the signal state is high (1 or true for the Boolean logic). Otherwise,
if the signal value is below the threshold, the signal state is considered low (0 or false).
The threshold is used by the pattern and state trigger.

If a protocol option is installed, and the channel is used in the bus, the configured
channel threshold is also used in the bus configuration. The values are the same in
"Vertical" menu and bus configuration dialogs.

"Technology"  Select a predefined value for one of the most common technologies,
or select "User" to define an individual threshold.

"Value" Set an individual threshold value if "Technology" is set to "User".

Remote command:
CHANnel<m>:THReshold:TECHnology on page 255
CHANnel<m>:THReshold:USER on page 256
CHANnel<m>:THReshold:THReshold? on page 256
CHANnel<m>:THReshold:FINDlevel on page 257



2.2.2

Vertical Setup

RANGE keys
The vertical RANGE keys set the vertical scale (vertical sensitivity) of the selected
waveform.

In FFT mode, the RANGE keys set the scale for the amplitude range (y-axis) in the
spectrum display.

In "Counter" mode, the RANGE keys set the measurement range.

Remote command:

CHANnel<m>:SCALe on page 253

CHANnel<m>:RANGe on page 253

FFT mode:

SPECtrum: FREQuency :MAGNitude: SCALe on page 305
Spectrum mode:

SPECtrum: FREQuency: SCALe on page 310

Counter mode:

COUNter<m>:SENSe:RANGe on page 363

POS keys
Move the selected signal up or down in the diagram. The position is a graphical setting
given in divisions, while the offset sets a voltage.

You can also drag the channel marker on the screen.

Remote command:

CHANnel<m>:POSition on page 253

Spectrum mode:

SPECtrum: FREQuency:POSition on page 310

Effect of the Bandwidth Filter
Low-pass filters reduce the speed of the signal inside the instrument and cause a delay
of the signal on the screen. The delay time depends on the selected filter.

The following table lists the approximate delay of the signal that is caused by various
filters.

Table 2-1: Approximate signal delay dependent on the bandwidth filter

Filter Approx. delay Filter Approx. delay
200 MHz 30.2 ns 500 kHz 9.07 ps

100 MHz 30.7 ns 200 kHz 2213 s

50 MHz 138.5ns 100 kHz 43.87 ps

20 MHz 145 ns 50 kHz 87.47 ps

10 MHz 166.5 ns 20 kHz 218 ps

5 MHz 193 ns 10 kHz 434.7 ps

2 MHz 270.5ns 5 kHz 869.3 ps




2.3

D

Horizontal Setup

Filter Approx. delay Filter Approx. delay
1 MHz 4.71 s 2 kHz 2173 ms
1 kHz 4.347 ms

Horizontal Setup

Horizontal settings, also known as timebase settings, adjust the display in horizontal
direction.

1. To set the timebase and horizontal position, use the TIME and POS keys.

ooeao

2. To adjust all horizontal settings, select "Horizontal" in the main menu.

The determining point of an acquisition is the trigger point. Two parameters define the

position of the trigger point: reference point and horizontal position (also known as trig-
ger offset or delay). Using these parameters, you choose the part of the waveform you
want to see: around the trigger, before, or after the trigger.

t=0

—qn

Horiz. position from right ref. point (> 0)
i

Horiz. position from
middle ref. point (> 0)

Horiz. position from
left ref. point (< 0)

i

A A A
Reference point Reference point Reference point
= Left = Middle = Right
Signal delay

If you have set a bandwidth limit, the signal might appear delayed on the screen. The
delay time depends on the selected filter. The effect is visible if several signals with dif-

ferent limits are displayed.
See also: Chapter 2.2.2, "Effect of the Bandwidth Filter", on page 41.
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=

24

D

Description of settings

Time scale
100 ns/div

Horizontal position

400 ns

Reference point
| Middle \%

Time Scale
Sets the time scale of the horizontal axis for all signals, in seconds per division. The
value is shown in the top information bar.

Increase the scale to see a longer part of the waveform. Decrease the scale to see the
signal in more detail. The scale has a point that remains fixed on the screen when the
scale value is changing - the reference point.

To set the time scale, you can also use the TIME keys.
Note: In FFT mode, the time scale may be restricted depending on the selected fre-
quency span, (see "Frequency Span" on page 107).

Remote command:
TIMebase:SCALe on page 257
TIMebase :RANGe on page 257

Horizontal Position
Sets the horizontal position of the trigger point in relation to the reference point. The
trigger position is marked by a colored triangle at the top of the diagram.

You can set the trigger point even outside the diagram and analyze the signal some
time before or after the trigger. In this case, the trigger marker is shown on the left or
right side of the diagram.

To set the horizontal position, you can also use the POS keys.

Remote command:
TIMebase:HORizontal:POSition on page 257

Reference Point

Defines the time reference point in the diagram. You can set the reference point in the
middle, or to the right to see the signal before the trigger. If the reference point is on
the left, you see the signal after the trigger.

Remote command:
TIMebase:REFerence on page 258

Acquisition Control

Acquisition settings define the processing of the captured samples in the instrument.

» To adjust the acquisition settings, press the ACQUIRE key, or select "Acquire" in
the main menu.
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» To start or stop acquisition, press the RUN STOP key.

The R&S RTH captures the continuous signal and converts it to digital samples. The
digital samples are processed according to the acquisition settings. The result is a
waveform record that is displayed on the screen and stored in memory.

El Description of settings

Acquisition Mode
Average

Number of Averages
16

Reset Waveform

Acquisitions per Second
67

Sampling Rate C1 - C4
25 MSa/s
Sampling Rate D7 - DO
1.25 GSafs

Acquisition Mode
Defines how the waveform is built from the captured samples. There are two general
methods to build the waveform record: sample decimation and waveform arithmetic.

Sample decimation reduces the data stream of the ADC to a stream of waveform
points with lower sample rate and a less precise time resolution. The R&S RTH uses
decimation, if the waveform "Sampling Rate C1 - C4" is less than the ADC sample
rate. The acquisition modes "Sample", "Peak Detect" and "High Resolution" are deci-
mation methods.

Waveform arithmetic builds the resulting waveform from several consecutive acquisi-
tions of the signal. The acquisition modes "Average" and "Envelope" are arithmetic
methods.

"Sample" One of n samples in a sample interval is recorded as waveform point,
the other samples are discarded. Usually, most signals are displayed
optimally with this acquisition mode but very short glitches might
remain undiscovered by this method.

"Peak Detect" The minimum and the maximum of n samples are recorded as wave-
form points, the other samples are discarded. Thus the instrument
can detect fast signal peaks at slow time scale settings that would be
missed with other acquisition modes.
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"High Resolu-  The average of n captured sample points is recorded as one wave-
tion" form point. Averaging reduces the noise, the result is a more precise
waveform with higher vertical resolution.

"Average" The average is calculated from the data of the current acquisition and
a number of acquisitions before. The method reduces random noise.
It requires a stable, triggered and periodic signal. The number of
acquisitions for average calculation is defined with Number of Aver-
ages.

"Envelope" The minimum and maximum values in an sample interval over a num-
ber of acquisitions are saved. The most extreme values of all acquisi-
tions build the envelope. The resulting diagram shows two envelope
waveforms: the minimums (floor) and maximums (roof) representing
the borders in which the signal occurs.

Remote command:
ACQuire:MODE on page 259

Number of Averages
Sets the number of waveforms used to calculate the average waveform.

Remote command:
ACQuire:AVERage: COUNt on page 259

Reset Waveform
Restarts the envelope and average calculation.

Remote command:
ACQuire:ARESet:IMMediate on page 259

Acquisitions per Second
Shows the number of acquired waveforms per second.

Sampling Rate C1 - C4
Shows the number of recorded analog waveform points per second. The sample rate is
the reciprocal value of the resolution.

Remote command:
ACQuire:POINts:ARATe? on page 258

Sampling Rate D7 - DO
Shows the number of recorded digital waveform points per second. Only available if
the mixed signal option R&S RTH-B1 is installed, and logic channels are active.

RUN STOP key

Starts and stops the acquisition.
Remote command:

RUN on page 258

STOP on page 259
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2.5 Trigger

Triggering means to capture the interesting part of the relevant waveforms. Choosing
the right trigger type and configuring all trigger settings correctly allows you to detect
various incidents in signals.

A trigger occurs if the trigger conditions are fulfilled. The instrument acquires continu-
ously and keeps the sample points to fill the pretrigger part of the waveform record.
When the trigger occurs, the instrument continues acquisition until the posttrigger part
of the waveform record is filled. Then it stops acquiring and displays the waveform.
When a trigger is recognized, the instrument does not accept another trigger until the
acquisition is complete.

Trigger conditions include:

® Source of the trigger signal (channel)

® Trigger type and its setup, including one or more trigger levels

® Trigger mode

In addition, the horizontal position of the trigger point and the reference point are

important to display the interesting part of the signal. See Chapter 2.3, "Horizontal
Setup", on page 42.

The trigger level and position are marked on the display. The markers have the color of
the trigger source. Information on the most important trigger settings is shown in the
upper information bar.

_ 20150528
min = -50.83 my 20nsf T'LEEA Sngl Stop 10:24:54

Figure 2-1: Trigger information: width trigger on channel 2, single trigger mode
% » To adjust all trigger settings, press the SETUP key.

» To adjust the trigger level, do one of the following:

e Drag the trigger level marker on the right side of the display to the required
position.

e Press the LEVEL key and turn the wheel.
If the trigger type has two trigger levels, press the LEVEL key again to toggle
the upper and lower levels. Alternatively, press the wheel.

e Press the SETUP key. Select "Trigger Level", and enter the level value.

» To start and stop acquisition, press the RUN STOP key.

2.5.1 General Trigger Settings

General trigger settings are the settings that are independent of the trigger type. The
settings specific for a trigger type are described in the following sections.
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E' Description of settings

Trigger Kode
Normal

Trigger Type
Edge
Source

2

Slope

4 L. N
Trigger Level
-371.5 my

Holdoff Mode
Off v

Noise Reject T

Trigger Mode
The trigger mode determines the behavior of the instrument if no trigger occurs, and
also the number of acquired waveforms when a trigger occurs.

"Auto" The instrument triggers repeatedly after a time interval if the trigger
conditions are not fulfilled. If a real trigger occurs, it takes prece-
dence. This mode helps to see the waveform even before the trigger
is set. Successive waveforms are not triggered at the same point of
the waveform.

"Normal" The instrument acquires waveforms continuously, each time when a
trigger occurs. If no trigger occurs, no waveform is acquired and the
last acquired waveform is displayed. If no waveform was captured
before, nothing is displayed.

"Single" When a trigger occurs, the instrument acquires one waveform and
stops the acquisition.

Remote command:
TRIGger :MODE on page 261

Trigger Type
Selects the trigger type, the event type that defines the trigger point.

® Chapter 2.5.2, "Edge Trigger", on page 49
® Chapter 2.5.3, "Glitch Trigger", on page 50
® Chapter 2.5.4, "Width Trigger", on page 51
® Chapter 2.5.5, "Video/TV Trigger", on page 53

R&S RTH-K19 trigger options

Chapter 2.5.7, "Pattern Trigger (R&S RTH-K19)", on page 58
Chapter 2.5.8, "State Trigger (R&S RTH-K19)", on page 60
Chapter 2.5.9, "Runt Trigger (R&S RTH-K19)", on page 61
Chapter 2.5.10, "Slew Rate Trigger (R&S RTH-K19)", on page 63
Chapter 2.5.11, "Data2Clock Trigger (R&S RTH-K19)", on page 64
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Chapter 2.5.12, "Serial Pattern Trigger (R&S RTH-K19)", on page 66
Chapter 2.5.13, "Timeout Trigger (R&S RTH-K19)", on page 69
Chapter 2.5.14, "Interval Trigger (R&S RTH-K19)", on page 70
Chapter 2.5.15, "Window Trigger (R&S RTH-K19)", on page 71

Options containing special triggers
® Chapter 2.5.16, "Protocol Trigger (R&S RTH-K1, R&S RTH-K2 and R&S RTH-K3)",
on page 72

Remote command:
TRIGger:TYPE on page 261

Source

Selects the trigger source, the channel on which the trigger condition is checked. All
possible channels are listed. You can trigger on any channel to which a signal is con-
nected, even if the channel is not active.

For most trigger types, analog and digital channels can be used as trigger source. Digi-
tal channels require option R&S RTH-B1. For video, runt and slew rate trigger, only
analog channels are available.

Remote command:
TRIGger: SOURce Oh page 261

Trigger Level
Sets the trigger voltage level.

For the Video/TV trigger, the trigger level is the threshold of the sync pulse. Make sure
that the trigger level crosses the synchronizing pulses of the video signal.

Remote command:
TRIGger:LEVel<m>:VALue On page 262

Holdoff Mode
Selects the method to define the holdoff.

The trigger holdoff defines when the next trigger after the current will be recognized.
Thus, it affects the next trigger to occur after the current one. Holdoff helps to obtain
stable triggering when the oscilloscope is triggering on undesired events.

Holdoff Mode
Events

Holdoff Mode Holdoff Mode
Time Random

Holdoff Time lin Time Holdoff Fvents

iax Time

"Off" No holdoff

"Time" Defines the holdoff as a time period. The next trigger occurs only
after the "Time" on page 49 has passed.

"Events" Defines the holdoff as a number of trigger events. The next trigger
only occurs when this number of events is reached. The number of
triggers to be skipped is defined in "Events" on page 49.
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"Random" Defines the holdoff as a random time limited by "Min Time / Max
Time" on page 49. For each acquisition, the instrument selects a
new random holdoff time from the specified range.

Random holdoff prevents synchronization to discover effects invisible
with synchronized triggering, e.g. the features of a pulse train.

Remote command:
TRIGger:HOLDof f : MODE on page 262

Time — Holdoff Mode
Sets the time that has to pass at least until the next trigger occurs.

Remote command:
TRIGger:HOLDof f: TTME on page 263

Events < Holdoff Mode
Sets the number of triggers to be skipped until the next trigger occurs.

Remote command:
TRIGger:HOLDoff:EVENts on page 263

Min Time / Max Time «— Holdoff Mode
Set the time limits for random holdoff time. For each acquisition, the instrument selects
a new random holdoff time from the specified range.

Remote command:
TRIGger:HOLDoff:MIN on page 263
TRIGger:HOLDof f : MAX on page 263

Noise Reject
Enables a hysteresis to avoid unwanted trigger events caused by noise oscillation
around the trigger level.

Remote command:
TRIGger :MNR on page 264

2.5.2 Edge Trigger

The edge trigger is the most common trigger type. The trigger occurs when the signal
from the trigger source passes the trigger level in the specified direction (slope).

v
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E' Description of settings
Trigger Type
Edge v
Source
a3 v

Slope
. 1

Trigger Level

oV

Figure 2-2: Edge trigger

Slope

Sets the edge direction for the trigger. You can trigger on:
° rising edge, that is a positive voltage change

o falling edge, that is a negative voltage change

° rising and falling edge

Remote command:

TRIGger:EDGE: SLOPe on page 264

2.5.3 Glitch Trigger
The glitch trigger detects pulses shorter or longer than a specified time. It identifies

deviation from the nominal data rate and helps to analyze causes of even rare glitches
and their effects on other signals.

v v

AR
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E' Description of settings

Trigger Type
Glitch v
Source
3 v
Polarity

I 1 v
Range
Shorter v
Width

Trigger Level

Polarity
Sets the pulse polarity, that is the direction of the first pulse slope. You can trigger on:

® Positive going pulses. The width is defined from the rising to the falling edge.
® Negative going pulses. The width is defined from the falling to the rising edge.
® Both positive and negative going pulses

Remote command:
TRIGger:GLITch:POLarity on page 264

Range
Selects the glitches to be identified: shorter or longer than the specified "Width"
on page 51.

Remote command:
TRIGger:GLITch:RANGe on page 265

Width
Sets the pulse width of the glitch.

Remote command:
TRIGger:GLITch:WIDTh on page 265

2.5.4 Width Trigger

The width trigger compares the measured pulse width (duration of a pulse) with a given
time limit. It detects pulses with an exact pulse width, pulses shorter or longer than a
given time, as well as pulses inside or outside the allowable time range. The pulse
width is measured at the trigger level.

Using the width trigger, you can define the pulse width more precisely than with the
glitch trigger. However, using the range settings "Shorter" and "Longer", you can also
trigger on glitches.

HE
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E' Description of settings

Trigger Type
Width v
Source
3 v
Polarity
I 1 nr
Range
Longer v
Width

1s

Trigger Level

Figure 2-3: Width trigger

Polarity
Sets the pulse polarity, that is the direction of the first pulse slope. You can trigger on:

® Positive going pulses. The width is defined from the rising to the falling edge.
® Negative going pulses. The width is defined from the falling to the rising edge.
® Both positive and negative going pulses

Remote command:
TRIGger:WIDTh:POLarity on page 265

Range

Defines how the measured pulse width is compared with the given limits.
Y v

AR |

Figure 2-4: Pulse width is shorter or longer than a given width (same as glitch trigger)

v v

4 4

N min N min
> max @ > max )

Figure 2-5: Pulse width is inside or outside a range

1 = Inside, pulse > min width AND pulse < max width
2 = Outside, pulse < min width OR pulse > max width
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Figure 2-6: Pulse width is equal or unequal to a given width, with optional tolerance

1 = Equal, pulse > width - A AND pulse < width + A
2 = Unequal, pulse < width - A OR pulse > width + A

Remote command:
TRIGger :WIDTh:RANGe on page 265

Width
Sets the width for comparisons equal, unequal, shorter, and longer.

Remote command:
TRIGger:WIDTh:WIDTh on page 266

t*Tolerance

Sets a range At to the specified Width if the comparison range is equal or unequal. To
trigger on an exact pulse width, set the tolerance to 0.

Remote command:

TRIGger:WIDTh:DELTa on page 266

Min Width / Max Width
Set the lower and upper time limits defining the time range if "Inside" or "Outside" is set
for comparison.

Remote command:
TRIGger:WIDTh:MIN on page 267
TRIGger:WIDTh:MAX on page 266

2.5.5 Videol/TV Trigger

The TV or video trigger is used to analyze analog baseband video signals. You can
trigger on baseband video signals from standard definition and high definition stand-
ards, and also on user defined signals.

The instrument triggers on the line start - the horizontal sync pulse. You can trigger on
all lines, or specify a line number. You can also trigger on the field or frame start.

2.5.5.1 Standard TV Trigger Settings

Access: SETUP key > "Trigger Type" = "Video/TV"



R&S®Scope Rider RTH Waveform Setup

Trigger Type
Video/TV
Source

a3

Standard

PAL

Signal Polarity
Positive
Mode

All Fields

Trigger Level

Standard
Selects the TV standard or "Custom” for user-defined signals.

The standards PAL, PAL-M, NTSC and SECAM are available in the instrument firm-
ware. All other standards require the advance trigger option R&S RTH-K19.

HDTYV standards are indicated by the number of active lines, the scanning system (p
for progressive scanning, i for interlaced scanning) and the frame rate. For interlaced
scanning, the field rate is used instead of the frame rate. 1080p/24sF is an HDTV stan-
dard using progressive segmented frame scanning.

"Custom" can be used for signals of other video systems, for example, medical dis-
plays, video monitors, and security cameras. To trigger on these signals, you have to
define the pulse type and length of the sync pulse, the scanning system and the line
period.

Remote command:
TRIGger:TV:STANdard on page 267

Signal Polarity
Sets the polarity of the signal. Note that the sync pulse has the opposite polarity, for
example, a positive signal has a negative sync pulse.

Figure 2-7: Signal with positive polarity and tri-level sync pulse

Remote command:
TRIGger:TV:POLarity on page 268

Mode
Selects the lines or fields on which the instrument triggers. Available modes depend on
the scanning system of the selected standard.
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"All fields" Triggers on the first video line of the frame (progressive scanning) or
field (interlaced scanning), for example, to find amplitude differences
between the fields.

"Odd fields / Triggers on the first video line of the odd or even field. These modes

Even fields" are available for interlaced scanning (PAL, PAL-M, SECAM, NTSC,
1080i) and progressive segmented frame scanning (1080p/24sF).
They can be used, for example, to analyze the components of a video
signal.

"All lines" Triggers on the line start of all video lines, for example, to find maxi-
mum video levels.

"Line number"  Triggers on a specified line. Enter the line number in "Line #".

Remote command:
TRIGger: TV:MODE on page 268

Line #
Sets the number of the line to be triggered on if "Mode" is set to "Line number". Usually
the lines of the frame are counted, beginning from the frame start.

For NTSC signals, the lines are counted per field, not per frame. Therefore, you have
to set the "Field" (odd or even), and the line number in the field.

Remote command:
TRIGger:TV:LINE on page 269
TRIGger:TV:LFIeld on page 269

Trigger Level

Sets the trigger level as threshold for the synchronizing pulse. Make sure that the trig-
ger level crosses the synchronizing pulses of the video signal.

v v

Figure 2-8: Trigger level with bi-level (left) and tri-level (right) sync pulses

Remote command:
TRIGger:LEVel<m>:VALue on page 262

2,5.5.2 Settings for Custom Video Signals (R&S RTH-K19)

In addition to the standard TV trigger settings, triggering on custom video signals
requires a few more settings that describe the signal.

» SETUP key > "Trigger Type" = "Video/TV" > "Standard" = "Custom"
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Standard
Custom

Pulse type
Tri-level

Line period

Pulse width

Scan
Interlaced

Pulse Type
Sets the type of the sync pulse, either bi-level sync pulse (used in SDTV signals), or tri-
level sync pulse (used in HDTV signals).

Figure 2-9: Bi-level (left) and tri-level (right) sync pulses

This setting is available for user-defined video signals if "Standard" is set to "Custom".

Remote command:
TRIGger:TV:CUSTom: STYPe on page 269

Line Period
Sets the duration of a single video line, the time between two successive sync pulses.

L Line period N

€ >

This setting is available for user-defined video signals if "Standard" is set to "Custom".

Remote command:
TRIGger:TV:CUSTom:LDURation on page 270

Pulse Width
Sets the width of the sync pulse.

e
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Pulse width

This setting is available for user-defined video signals if "Standard" is set to "Custom".

Remote command:
TRIGger:TV:CUSTom: SDURation on page 270

Scan
Sets the scanning system.

This setting is available for user-defined video signals if "Standard" is set to "Custom".

"Interlaced"” Interlace scanning uses two fields to create a frame. One field con-
tains all the odd lines (odd, first, or upper filed), the other contains all
the even lines of the image (even, second, or lower field). First the
lines of the odd filed are processed, then the lines of the even field.

"Progressive"  Progressive scanning is a method to capture, transmit and display all
lines of a frame in sequence.

"Segmented" Progressive segmented frame uses progressive scanning to capture
the frame, and interlaced scanning for transmission and display.

Remote command:
TRIGger:TV:CUSTom: SCANmode on page 270

External Trigger (R&S RTH1002)
The R&S RTH1002 has an edge trigger to trigger on an external signal.

1. Connect the external trigger signal to the DMM input:

a) Ground to black COM input.
b) Signal to red input.

2. Press the SETUP key.

3. Select "Trigger Type" = "External”

E' Description of settings

Trigger Type
External v

Slope
~ IR
Trigger Level

500 my
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Slope
Sets the edge direction for the trigger. You can trigger on the rising edge, the falling
edge, or riding and falling edges of the external signal.

Remote command:
TRIGger:EXTernal:SLOPe on page 271

Trigger Level
Sets the trigger voltage level.

Remote command:
TRIGger:EXTernal : LEVel on page 270

2.5.7 Pattern Trigger (R&S RTH-K19)

The pattern trigger works like a logic trigger. It provides logical combinations of the
input channels and can be used for verifying the operation of digital logic. If the chan-
nel states match the desired pattern, the pattern trigger occurs. In addition to the pat-
tern, you can define a timing condition. In this case, the trigger occurs if the pattern
definition is true for the defined time.

The pattern trigger has no trigger level, only threshold values to obtain the logic state
of signals are required.

» SETUP key > "Trigger Type" = "Pattern"

El Description of settings

Trigger Type
Pattern v
Set Pattern

AND{10 0000 0000)

Range
Longer v
Pattern Width

Figure 2-10: Pattern trigger

Set Pattern

Defines the pattern: the states of the input channels and their logical combination. If
R&S RTH-B1 is installed, active digital channels are also included in the pattern defini-
tion.
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pattern

DO

HEEH

Figure 2-11: Pattern definition

The current threshold is displayed for each channel. For analog channels, the thresh-
old is set in the "Vertical" menu > "Technology". For logic channels, the threshold is set
in the "Logic" menu. To adjust the thresholds by the instrument, use "Find Level".

The switches define the state of each channel and set the logical combination:

" The signal value is above the defined threshold.

"o" The signal value is below the defined threshold.

"X" The signal state does not matter.

"AND" If all defined states are true, the logical result of the pattern definition
is 1 (true).

"OR" If at least one of the defined states is true, the logical result of the pat-

tern definition is 1 (true).

Remote command:
TRIGger:PATTern:STATe [ : CHANnel<m>] on page 271
TRIGger:PATTern:STATe:COMBination on page 271

Range

Adds additional time limitation to the defined pattern.

"None" No time limit is set. If the defined pattern is true, the pattern trigger
occurs.

"Timeout" Defines a minimum time during which the signals match the pattern
definition.

"Longer" If the pattern is true longer than the "Pattern Width" time, the trigger
occeurs.

"Shorter" If the pattern is true for a time shorter than "Pattern Width", the trigger
occurs.

"Equal" If the pattern is true for the time "Pattern Width" + At ("Tolerance”),

the trigger occurs.

e
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"Unequal" If the pattern is true for a time shorter than "Pattern Width" - At OR
longer than "Pattern Width" + At, the trigger occurs.

"Inside" If the pattern is true for a time between "Min Pattern Width" and "Max
Pattern Width", the trigger occurs.

"Outside" If the pattern is true for a time shorter than "Min Pattern Width" OR

longer than "Max Pattern Width", the trigger occurs.
Remote command:
TRIGger:PATTern:WIDTh:RANGe on page 272
TRIGger:PATTern:TIMeout [:TIME] on page 272
TRIGger:PATTern:WIDTh[:WIDTh] on page 272
TRIGger:PATTern:WIDTh:DELTa on page 273
TRIGger:PATTern:WIDTh:MINWidth on page 273
TRIGger:PATTern:WIDTh:MAXWidth on page 273

2.5.8 State Trigger (R&S RTH-K19)

The state trigger verifies if the channel states match the defined pattern at the clock
edge. The trigger occurs if the logical combination of the input channels is true at the
crossing point of the selected clock edge and the trigger level.

» SETUP key > "Trigger Type" = "State"

El Description of settings

Trigger Type
State
Clock Source
C1 v
Clock Slope
. - 1
Set Pattern
AND{_ XXX X000¢ XXXX)

Trigger Level

ov

Figure 2-12: State trigger

Clock Source
Selects the input channel of the clock signal.

Remote command:
TRIGger:STATe:CSOurce [ :VALue] on page 274

Clock Slope
Sets the edge of the clock at which the instrument checks the signal states: at the ris-
ing edge, the falling edge, or at both edges.
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Remote command:

TRIGger:STATe:CSOurce: EDGE on page 274

Set Pattern

Waveform Setup

Defines the pattern: the states of the input channels and their logical combination. If
R&S RTH-B1 is installed, active digital channels are also included in the pattern defini-

tion.

For details, see Chapter 2.5.7, "Pattern Trigger (R&S RTH-K19)", on page 58.

Remote command:

TRIGger:STATe:CHANnel<m> on page 274
TRIGger:STATe:COMBination on page 274

Runt Trigger (R&S RTH-K19)

A runt is a pulse lower than normal in amplitude. The amplitude crosses the first level
twice in succession without crossing the second one. In addition to the upper and lower
levels, you can define a time limit for the runt in the same way as for width triggers. For
example, the runt trigger can detect signal parts remaining below a specified threshold
amplitude because I/O ports are in undefined state.

v

uL

LL

Figure 2-13: Runt trigger without time limits

» SETUP key > "Trigger Type" = "Runt"

EI Description of settings

Trigger Type
Runt

Source

C1

Polarity

JL U nr
Range

Any Runt v

Upper Trigger Level
0V

Lower Trigger Level

IRY

Range
Longer
Runt Width
48 ns

Upper Trigger Level

0y
Lower Trigger Level

oy

Range
Equal
Runt Width

4.8 ns
tTolerance

800 ps
Upper Trigger Level

oy

Lower Trigger Level
IRY)

Range
Inside v
kin Runt Width
4ns
Max Runt Width
5.6 ns
Upper Trigger Level
IRY

Lower Trigger Level
IRY
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Upper Trigger Level / Lower Trigger Level
Set the upper and lower voltage thresholds for the runt trigger. The levels define the
minimum and maximum runt amplitudes.

You can also press the LEVEL key to toggle the upper and lower levels, and turn the
wheel to adjust the focused level. If the focus is on a trigger level, pressing the wheel
also toggles the levels.

Remote command:
TRIGger:LEVel<m>:RUNT:UPPer on page 275
TRIGger:LEVel<m>:RUNT:LOWer on page 275

Polarity
Sets the pulse polarity, that is the direction of the first pulse slope. You can trigger on:

® Positive going pulses. The width is defined from the rising to the falling edge.
® Negative going pulses. The width is defined from the falling to the rising edge.
® Both positive and negative going pulses

Remote command:
TRIGger:RUNT:POLarity on page 275

Range
Defines an additional time limit of the runt pulse.

"Any runt" triggers on all runts fulfilling the level condition, without time limitation. The
other comparisons are the same as for the width trigger, see "Range" on page 52.

Remote command:
TRIGger :RUNT : RANGe on page 275

Runt Width
Sets the width for comparisons equal, unequal, shorter, and longer.

Remote command:
TRIGger :RUNT:WIDTh on page 276

*Tolerance
Sets a tolerance range At to the specified Runt Width if the comparison range is equal
or unequal.

Remote command:
TRIGger:RUNT:DELTa on page 276

Min Runt Width / Max Runt Width
Set the lower and upper time limits if "Inside" or "Outside" is set for comparison.

Remote command:
TRIGger :RUNT:MINWidth on page 276
TRIGger :RUNT:MAXWidth on page 277
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2.5.10 Slew Rate Trigger (R&S RTH-K19)

The slew rate trigger is also known as transition trigger. It triggers if the transition time
from the lower to higher voltage level (or vice versa) is shorter or longer as defined, or
outside or inside a specified time range.

The slew rate trigger finds slew rates faster than expected or permissible to avoid over-
shooting and other interfering effects. It also detects slow edges violating the timing in
pulse series.

min

max
»ma

Figure 2-14: Slew rate trigger, transition time inside a range (t > min time AND t < max time)

» SETUP key > "Trigger Type" = "Slew rate"

As source, only analog channels are available.

E' Description of settings

Trigger Type
Slew Rate v

Source
C1 v

Slope
- 1

Range
Shorter v
Time

4.8 ns

Upper Trigger Level
0V

Lower Trigger Level
(IR

Range
Equal
Time

48 ns
tTolerance

800 ps
Upper Trigger Level

(1R

Lower Trigger Level

oy

Range
Inside
wiin Time
4ns
fiax Time
5.6 ns
Upper Trigger Level
oy
Lower Trigger Level
oy

Upper Trigger Level / Lower Trigger Level

Set the upper and lower voltage thresholds for the slew rate trigger. The time measure-
ment starts when the signal crosses the first trigger level, and stops when the signal
crosses the second level. The first trigger level is the upper or lower level depending
on the selected slope.

e
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Remote command:
TRIGger:LEVel<m>:SLEW:UPPer on page 277
TRIGger:LEVel<m>:SLEW:LOWer on page 277

Slope

Sets the edge direction for the trigger. You can trigger on:
o rising edge, that is a positive voltage change

° falling edge, that is a negative voltage change

° rising and falling edge

Remote command:
TRIGger:SLEW: SLOPe on page 277

Range

Defines the time limits of the slew rate. The comparisons are the same as for the width
trigger, see "Range" on page 52.

Remote command:

TRIGger:SLEW:RANGe on page 277

Time
Sets the slew rate for comparisons equal, unequal, shorter, and longer.

Remote command:
TRIGger:SLEW:RATE on page 278

*Tolerance
Sets a tolerance range At to the specified Time if the comparison range is equal or
unequal.

Remote command:
TRIGger:SLEW:DELTa on page 278

Min Time / Max Time
Set the lower and upper time limits if "Inside" or "Outside" is set for comparison.

Remote command:
TRIGger:SLEW:MINWidth on page 278
TRIGger:SLEW:MAXWidth on page 279

Data2Clock Trigger (R&S RTH-K19)

With the Data2Clock trigger - also known as setup/hold trigger - you can analyze the
relative timing between two signals: a data signal and the synchronous clock signal.
Many systems require, that the data signal must be steady for some time before and
after the clock edge, for example, the data transmission on parallel interfaces.

The reference point for the time measurement is defined by clock level and clock edge.

» SETUP key > "Trigger Type" = "Data2CIk"
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E' Description of settings

Trigger Type

Data2Clk v
Clock Source

1 v
Clock Slope

AR AT
Data Source
D3 v

Trigger on Setup & Hold
Violation v
Setup Time

Hold time

Trigger Level

Figure 2-15: Data2Clock trigger

Clock Source
Selects the input channel of the clock signal.

Remote command:
TRIGger:DATatoclock:CSOurce[:VALue] on page 279

Clock Slope

Sets the edge of the clock signal: rising, falling, or both edges. The time reference
point for the setup and hold time is the crossing point of the clock edge and the trigger
level.

Remote command:
TRIGger:DATatoclock:CSOurce: EDGE on page 279

Data Source
Selects the input channel of the data signal.

Remote command:
TRIGger:DATatoclock:DSOurce[:VALue] on page 279

Trigger on Setup & Hold
Selects how a violation of the setup and hold time is handled.

"Violation" Triggers on a violation of the setup or hold time
"OK" Triggers if setup and hold time keep the limits.

Remote command:
TRIGger:DATatoclock:CONDition on page 279
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Setup Time
Sets the minimum time before the clock edge while the data signal must stay steady.

The setup time can be negative. In this case, the hold time is always positive. If you set
a negative setup time, the hold time is adjusted by the instrument.

Remote command:
TRIGger:DATatoclock:STIMe on page 280

Hold Time
Sets the minimum time after the clock edge while the data signal must stay steady.

The hold time can be negative. In this case, the setup time is always positive. If you set
a negative hold time, the setup time is adjusted by the instrument.

Remote command:
TRIGger:DATatoclock:HTIMe on page 280

2.5.12 Serial Pattern Trigger (R&S RTH-K19)
The serial pattern event is used to trigger on signals with serial data patterns in relation

to a clock signal - for example, on bus signals like the I?C bus. The trigger occurs dur-
ing the reception of the last bit of the defined pattern.

2.5.12.1 Pattern Definition

The pattern defines the bits of the serial data to be found in the data stream.

The pattern definition described here is for the serial pattern trigger; however, a very
similar pattern editor is available for other functions, such as protocol-specific triggers.

When you tap the pattern field, a pattern editor is displayed. The current bit definition in
binary and hexadecimal format is displayed at the top of the editor, a virtual keypad is
displayed beneath it. To define a bit, select the bit in the displayed pattern, then select
the bit value from the displayed keypad. The currently selected bit is indicated by a
blue background.
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2.5.12.2

Set Serial Pattern
Bt 31 15
(S ) W ——
Bit 15 g 7 7
xx 1101 0101 1001
— — e
X D

Input Format
Hex v

Figure 2-16: Pattern editor for 14-bit pattern in hexadecimal format

The maximum length of the pattern is 32 bit, however you can reduce the number of
bits. The available bits are initially indicated by 'X', while the unused bits are indicated
by gray squares. An 'X' indicates that the logical level for the bit is not relevant (do not
care). Once you enter a value for the selected bit, the 'X' is overwritten.

You can enter the pattern in binary or hexadecimal format. Depending on which bit you
select in the pattern display, binary or hexadecimal format is automatically selected for
input. In binary format, each bit is defined individually, and only the digits 0 and 1 are
available for input. In hexadecimal format, 4 bits are defined at the same time by the
selected hexadecimal value. If fewer than 4 bits are available (due to the total number
of bits), only those hexadecimal values are available that can be defined with the
remaining number of bits. For example, for a total number of 14 bits, 3x4 bits can be
defined by any hexadecimal value. The remaining 2 bits can define a 0, 1, 2, or 3 (as
shown in Figure 2-16).

To store the defined pattern, select "Enter". The pattern editor is closed and the pattern
is inserted in the pattern settings field.

Serial Pattern Trigger Settings

Access: (Trigger) SETUP key > "Trigger Type" = "Serial Pattern”
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E' Description of settings

Trigger Type
Serial Pattern A4

Clock Source

Clock Slope

S L. I
Data Source
Set Serial Pattern
[hex XX
Bit Order
MSB First

Figure 2-17: Serial pattern trigger

(010 To3 1R To1U [ {1 = T 68
107 o To3 QS (o] o - SR 68
(D F= =R Lo YU o1 YRR 68
Set Serial Patlern......u e —————— 68
2T O o [T USRS UUPPRPPR 69

Clock Source
Selects the input channel of the clock signal.

Remote command:
TRIGger:SPATtern:CSOurce [ :VALue] on page 281

Clock Slope

Sets the edge at which the data value is sampled.

° rising edge

° falling edge

° rising and falling edges are considered (double data rate).
At double data rate, "First Clock Edge of Pattern" defines the edge at which the first
bit of the pattern is sampled: at the rising clock edge, falling clock edge, or the first
edge that is detected ("Either").

Remote command:
TRIGger:SPATtern:CSOurce:EDGE on page 281
TRIGger:SPATtern:CSOurce:FIRStedge on page 281

Data Source
Selects the input channel of the data signal.

Remote command:
TRIGger:SPATtern:DSOurce [ :VALue] on page 280

Set Serial Pattern
The pattern defines the bits of the serial data to be found in the data stream.

User Manual 1326.1578.02 — 08 68



R&S®Scope Rider RTH Waveform Setup

See also Chapter 2.5.12.1, "Pattern Definition", on page 66.

Remote command:
TRIGger:SPATtern:PATTern on page 281

Bit Order
Defines if the data words start with MSB (most significant bit) or LSB (least significant
bit).

Remote command:
TRIGger:SPATtern:ORDer on page 281

2.5.13 Timeout Trigger (R&S RTH-K19)

The timeout trigger checks if the signal stays above or below the trigger level for a
specified time lapse. In other words, the trigger occurs if the signal does not cross the
trigger level during the specified time.

» SETUP key > "Trigger Type" = "Timeout"

EI Description of settings

Trigger Type
Timeout
Source

3

Range
Stays High
Time

Trigger Level

Figure 2-18: Timeout trigger

Range

Selects the relation of the signal level to the trigger level:
"Stays High" The signal level stays above the trigger level.
"Stays Low" The signal level stays below the trigger level.

"High or Low"  The signal level stays above or below the trigger level.

Remote command:
TRIGger:TIMeout : RANGe on page 282

Time
Defines the time limit for the timeout at which the instrument triggers.

Remote command:
TRIGger:TIMeout: TIME on page 282
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2.5.14 Interval Trigger (R&S RTH-K19)
The interval trigger analyzes the time between two pulses.
» SETUP key > "Trigger Type" = "Interval”

El Description of settings

Trigger Type
Interval
Source
3
Slope

e
Range
Longer
Interval Width

Trigger Level

Figure 2-19: Interval trigger

Slope
Sets the edge for the trigger. You can analyze the interval between positive edges or
between negative edges.

Remote command:
TRIGger:INTerval:SLOPe on page 282

Range
Defines how the time range of an interval is defined. The comparisons are the same as
for the width trigger, see "Range" on page 52.

Remote command:
TRIGger:INTerval : RANGe on page 283

Interval Width
Sets the time between two pulses for comparisons equal, unequal, shorter, and longer.

Remote command:
TRIGger:INTerval :WIDTh on page 283

tTolerance
Sets a tolerance range At to the specified Interval Width if the comparison range is
equal or unequal.

Remote command:
TRIGger:INTerval :DELTa on page 283
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Min Interval Width / Max Interval Width
Set the lower and upper time limits of the interval if "Inside" or "Outside" is set for com-
parison.

Remote command:
TRIGger:INTerval :MINWidth on page 283
TRIGger:INTerval :MAXWidth on page 284

2.5.15 Window Trigger (R&S RTH-K19)

The window trigger checks the signal run in relation to a "window" that is formed by the
upper and lower voltage levels. The trigger occurs, if the waveform enters or leaves the
window, or if the waveform stays inside or outside for a defined time range.

With the window trigger, you can display longer transient effects.
» SETUP key > "Trigger Type" = "Window"

El Description of settings

Trigger Type
Window
Source
C3
Vertical Condition
Enter v
Upper Trigger Level
ov

Lower Trigger Level
ov

Figure 2-20: Window trigger

Vertical Condition
Selects how the signal run is compared with the window:

"Enter" Triggers when the signal crosses the upper or lower level and thus
enters the window made up of these two levels.

"Exit" Triggers when the signal leaves the window.

"Stay Inside" Triggers if the signal stays between the upper and lower level for a
specified time. The time is defined in various ways by the "Range"
conditions.

"Stay Outside" Triggers if the signal stays above the upper level or below the lower
level for a specified time. The time is defined in various ways by the
"Range" conditions.

Remote command:
TRIGger :WINDow:RANGe on page 285

User Manual 1326.1578.02 — 08 71



Trigger

Upper Trigger Level / Lower Trigger Level
Set the upper and lower voltage thresholds for the window trigger. The trigger levels
are the vertical window limits.

Remote command:
TRIGger:LEVel<m>:WINDow:UPPer on page 284
TRIGger:LEVel<m>:WINDow:LOWer on page 284

Range
Selects how the time limit of the window is defined. Time conditioning is available for
the vertical conditions "Stay Inside" and "Stay Outside".

"Longer" Triggers if the signal crosses the upper or lower level after the speci-
fied "Width" time is reached.

"Shorter" Triggers if the signal crosses the upper or lower level before the
specified "Width" time is reached.

"Equal" Triggers if the signal stays inside or outside the vertical window limits
for the time "Width" "t Tolerance".

"Unequal" Triggers if the signal stays inside or outside the vertical window limits
for a time unequal to "Width" "+ Tolerance"

"Inside" Triggers if the signal stays inside or outside the vertical window limits
at least for the time "Min Width" and for "Max Width" at the most.

"Outside" "Outside" is the opposite definition of "Inside". The trigger occurs if

the signal stays inside or outside the vertical window limits for a time
shorter than "Min Width" or longer than "Max Width".

Remote command:
TRIGger:WINDow:TIME on page 284
TRIGger :WINDow:WIDTh on page 285
TRIGger:WINDow:DELTa on page 286
TRIGger:WINDow:MINWidth on page 286
TRIGger :WINDow:MAXWidth on page 286

2.5.16 Protocol Trigger (R&S RTH-K1, R&S RTH-K2 and R&S RTH-K3)

The protocol trigger requires at least one of the serial protocol options.

For protocol setup and trigger settings, see:

® Chapter 8.2.3, "I2C Trigger Settings", on page 170

® Chapter 8.3.3, "SPI Trigger Settings", on page 178

® Chapter 8.4.3, "UART Trigger Settings", on page 184
® Chapter 8.5.2, "CAN Trigger Settings", on page 188
® Chapter 8.6.3, "LIN Trigger Settings", on page 199
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3 Waveform Analysis

3.1 Zoom

The zoom magnifies a part of the waveform in order to view more details with a maxi-
mum zoom factor of 100.

gb To activate the zoom:
» Press the ZOOM key.
The zoom is applied to all active analog and digital channels and math waveforms. The
waveforms are displayed with a shorter time scale while the vertical scale remains

unchanged. The zoom indicator on the bottom shows the size and position of the zoom
area in the waveform.

To adjust the zoom using the wheel:

1. Check if the zoom has the focus - an orange frame on the zoom indicator. If not,
press the ZOOM key.

Figure 3-2: Zoom indicator with focus on zoom position

2. Turn the wheel.

Depending on the focus, the position of the zoom area or the zoom factor is adjus-
ted.

3. Press the wheel to toggle the setting.
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4. Turn the wheel to adjust the other parameter.

To position the zoom on the touchscreen:

> Use one of these methods:
e Drag the zoom area in the zoom indicator.
e Drag the trigger position marker.
In zoom mode, moving the trigger position marker changes the zoom position
and not the horizontal position of the waveform.
To zoom in and out using pinching & spreading gestures
You can zoom in and out as you do on a mobile phone or tablet.
1. To zoom in, touch the screen with two fingers and spread the fingers.

2. To zoom out, touch the screen with two fingers and pinch them together.

To adjust the zoom numerically in the Zoom menu:
1. Press and hold the ZOOM key until the "Zoom" menu opens.

2. Adjust scale and position of the zoom in the menu.

To analyze the zoomed signal, you can use cursor measurements.

EI Description of settings

Enabled T

Scale
20 ns

Position

-100 ns

Enabled
Enables or disables the zoom.

Remote command:
7Z00M:ENAB1e on page 286

Scale
Sets the time scale of the zoomed waveform.

Timebase ,,,, = Timebase ,;,, / Zoom factor

Remote command:
ZOOM: SCALe on page 287

Position
Sets the center position of the zoomed area in relation to the trigger point.
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3.21

3.2.2

Automatic Measurements

Note: The zoom overview also considers the horizontal position of the trigger point. If
the horizontal position is # 0 and thus the trigger point is not in the middle, the zoom
area in the overview is also shifted, even if the zoom position is 0.

Remote command:
ZOOM:POSition on page 287

Automatic Measurements

You can perform up to four different measurements simultaneously.
Performing Automatic Measurements

To start and stop the last configured measurements

» Press the MEAS key.

To configure automatic measurements in the Meas menu

1. Press and hold the MEAS key until the "Meas" menu opens.

2. Select the number of the measurement that you want to configure.
3. If the measurement is disabled, enable "State".
4

Select the "Type".
The selection list shows all available measurement types.

5. Select the "Source".
The selection list shows all all active sources that are allowed for the selected mea-
surement type.

6. Some measurement types require additional settings. Scroll down the menu and
adjust the additional settings if necessary.

Measurement Results

The measurement results are shown on the left-top side of the screen.

Figure 3-3: Results of 4 active measurements

If a result cannot be determined, "---" is displayed. Adjust the horizontal and vertical
settings if the instrument cannot measure.



Automatic Measurements

If the measurement result is outside the measurement range and clipping occurs, the
results are marked with < (underflow) or > (overflow). Adjust the vertical scale to get
valid results.

B -

BE 52 cnt.: 0.000 Plepc> 80.00 mv

Figure 3-4: Invalid measurement results

Meas1 = period measurement on C3, no complete period detected
Meas2 = peak to peak measurement on C1, waveform is clipped
Meas3 = pulse count on C3, no pulse detected

Remote commands:
® MEASurement<m>:RESult:ACTual? on page 289
® VMEASurement<m>:RESult:LIMit? on page 289

3.2.3 Measurement Types

The R&S RTH provides 35 measurement types to measure time, amplitude and power
characteristics, and to count pulses and edges.

All measurement types that require only one source are also available for gated mea-
surements using CURSOR > "Type" = "Measure".

3.2.3.1 Time Measurements

Meas. type Symbol Description Graphic / formula Source
Period T Time of the first period, measured on the ; T ; Analog, math,
ins 50% level. The measurement requires at reference, logic
least one complete period of the signal. !
(Y0 L7 SO (RS 4
Frequency f Frequency of the signal, reciprocal value f=1/T Analog, math,
in Hz of the measured first period. ; T ; reference, logic
500/0...i ......................................... '
Rise time tR Rise time of the first rising edge. This is iR Analog, math,
ins the time it takes the signal to rise from : : reference
the 10% level to the 90% level.
10 +ereeeeeeen &
Fall time tF Fall time of the first falling edge. This is tF Analog, math,
ins the time it takes the signal to fall from the | 0, = . reference
90% level to the 10% level. :
3 (0L /X TITRTNTIRIRAA %
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Not available for cursor measurements

Meas. type Symbol Description Graphic / formula Source
Positive pulse t+ Duration of the first positive pulse: time ettt Analog, math,
width ins between a rising edge and the following ; reference, logic
falling edge measured on the 50% level.
50%:--eer | S | -
Negative pulse t- Duration of the first negative pulse: time B . Analog, math,
width ins between a falling edge and the following reference, logic
rising edge measured on the 50% level.
50%: s | W | R
Positive duty cycle | Dty+ Width of the first positive pulse in relation | Dty+ =t+/ T * 100% Analog, math,
in % to thg period in %. The measuremgnt 0% T 100% reference, logic
requires at least one complete period of L ]
the signal. 4t—+>
Negative duty cycle | Dty- Width of the first negative pulse in rela- Dty-=t-/T*100% Analog, math,
in % tion to the period in %. The measure- 0% T reference, logic
ment requires at least one complete L
period of the signal. <t;>
) S }.
Delay At Time difference between two slopes of 2 sources:
ins the s:met'cz'r dslgf(;relnt V\;aveforms, mea- analog, math,
sured on the ©B% level. LAt reference, logic
Not available for cursor measurements ' F
Phase 4 Phase difference between two wave- Phase = At/ T * 360° 2 sources:
in° forms, measured on the 50% level. analog, math,

reference, logic

3.2.3.2 Amplitude Measurements

The unit of most amplitude measurement results depends on the measured source.

form.

Meas. type Symbol Description Graphic / formula Source
Mean value Mean Arithmetic average of the complete dis- N analog, math,
played waveform. Mean = i z X reference, logic
N
k=1
RMS value RMS RMS (Root Mean Square) value of the analog, math,
voltage of the complete displayed wave- reference
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and amplitude.

Amplitude

Meas. type Symbol Description Graphic / formula Source

Crest factor Crest The crest factor is also known as peak- Max | xy | analog, math,
to-average ratio. It is the maximum value | Crest = T reference
divided by the RMS value of the dis- S
played waveform.

Standard deviation | o Standard deviation of the displayed m analog, math,

1
waveform. o= z (Xk _Me an)2 reference
N-13

Minimum Min Minimum value within the displayed analog, math,

waveform. reference
Min-----¥

Maximum Max Maximum value within the displayed Max: g analog, math,
waveform. reference

Peak to peak Pk-Pk Difference of maximum and minimum Max - e : analog, math,
values. reference

Pk-Pk
Mln. ............... -

Base level Base Low level of the displayed waveform - analog, math,
the lower maximum of the sample distri- reference
bution. The measurement requires at
least one complete period of the signal. Base amd oo\ oo

Top level Top High level of the displayed waveform - LI R L F—— analog, math,
the upper maximum of the sample distri- reference
bution. The measurement requires at
least one complete period of the signal.

Amplitude Amp Difference between the top level and the Top oo N\ ) analog, math,
base level of the signal. The measure- ) reference
ment requires at least one complete Amplitude
period of the signal. Bt N oo |

Overshoot Over Overshoot of a square wave after a ris- Max, ., — Tol analog, math,
i i i Over+ = —Xlocal — 9P 40,

in % ing or falling edge. It is calculated from = Amplitude reference
measurement values top level, base
level, local maximum, local minimum, Over— — Base — Ming¢q .100%
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Meas. type Symbol Description Graphic / formula Source
Preshoot Pre Overshoot of a square wave before a ris- | Same equations as overshoot analog, math,
in % ing or falling edge. Ton g L S PP reference
p
Amplitude
Base ....... ;Pre_ ....................... g
AC AC RMS value of the AC part of a periodic | . analog, math,
inV signal, calculated over all periods on the AC reference
display. The AC resultis is derived from | _ ./ """ & /..
the DC and AC+DC results.
N-T
DC DC Mean value of a periodic signal, calcula- analog, math,
inV ted over all periods on the display. If no reference
complete period is available, only the (3]0 117 /[N W d..
mean value of the visible waveform is :
calculated.
N-T
AC+DC AC+DC RMS value of a periodic signal, calcula- | . VAC? + DC2 analog, math,
inV ted over all periods on the display. If no reference
Co . AC
complete period is available, only the 5 o N AL T NS /..
RMS value of the visible waveform is :
calculated.
N-T
3.2.3.3 Counting

Meas. type Symbol Description Graphic / formula Sources

Positive pulse Cnt+ Number of positive pulses on the dis- 1 2 3 NI Analog, math,

count play. The mean value of the signal is reference, logic
determined. If the signal passes the
mean value, an edge is counted. A posi-
tive pulse is counted if a rising edge and
a following falling edge are detected.

Negative pulse Cnt- Number of negative pulses on the dis- 1 2 3 NI Analog, math,

count play. The mean value of the signal is reference, logic
determined. If the signal passes the
mean value, an edge is counted. A neg-
ative pulse is counted if a falling edge
and a following rising edge are detected.

Rising edge count | Cntt Number of rising edges on the display. 1 2 3 NT Analog, math,
The instrument determines the mean i H X H reference, logic
value of the signal and counts an edge [} [} [} [}
every time the signal passes the mean
value in the specified direction.

Falling edge count | Cnt! Number of falling edges on the display. 1 2 3 N1 Analog, math,
The instrument determines the mean ! ' M ' reference, logic
value of the signal and counts an edge [} ° ° ®
every time the signal passes the mean
value in the specified direction.
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3.2.3.4 Power Measurements

Power measurements require two sources, one voltage source and one current
source. They are not available for cursor measurements and logic channel sources.

Meas. type Symbol Description Graphic / formula Sources
Active power P Active or real power is the energy of the | Im 2 sources:
in W system that can be used to do work. analog, math
S Q reference
@
B \ Re
Apparent power S Complex power S is the magnitude of Im 2 sources:
in VA the vector sum of real and reactive analog, math,
power. Q reference
@
— = Re
Reactive power Q Reactive power is temporally stored ina | Im 2 sources:
in var system_because of the inductive and analog, math,
capacitive elements. S reference
@
— = Re
Power factor PF Power factor is a measure of the system | PF = cos(o) 2 sources:
(no unit) efficiency. The value varies between -1 Im analog, math,
and 1. reference
S
Q
= Re

3.2.4 Measurement Settings

Access: "Meas" menu

Measurement
1 2

State

Type
Delay
Source
DO
Source 2
C1

Slope

Positive
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Cursor Measurements

Measurement
Selects the measurement to be configured in the menu. You can perform up to four dif-
ferent measurements simultaneously.

State
Enables or disables the selected measurement.

Remote command:
MEASurement<m>:ENABle on page 287

Type
Selects the measurement type. For a detailed description, see Chapter 3.2.3, "Mea-
surement Types", on page 76.

Remote command:
MEASurement<m>:TYPE on page 288

Source / Source 2
Defines the waveform to be measured. For delay, phase, and power measurements, 2
sources are required.

The sources can be any active input signal, math or reference waveform. Available
source waveforms depend on the measurement type, see Chapter 3.2.3, "Measure-
ment Types", on page 76.

Remote command:
MEASurement<m>:SOURce on page 288

All off
Disables all active measurements.

Remote command:
MEASurement<m>:AOFF on page 289

Slope

Sets the slope for the delay measurement type.

"Positive" Delay between the first rising edge of each source waveform.
"Negative" Delay between the first falling edge of each source waveform.
"Either" Delay between the first edge of each source waveform, no matter if it

is rising or falling.

Remote command:
MEASurement<m>:DELay:SLOPe on page 289

Cursor Measurements

The cursor measurement determines the results at the current cursor positions, or per-
forms gated automatic measurements between the cursor lines. The cursors can be
positioned manually at fixed positions, or they can follow the waveform.
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3.3.2

Cursor Measurements

You can perform cursor measurements on analog input signals, math waveform, XY-
diagram, as well as on logic channels (requires option R&S RTH-B1).

Cursor measurements on spectrum displays are also available, if the option R&S RTH-
K18 is installed (see Chapter 5.2.7, "Cursor Measurements on Spectrums”,
on page 120).

Performing Cursor Measurements

To start and stop the last configured measurement

» Press the CURSOR key.

To configure the cursor measurement in the Cursor menu
1. Press and hold the CURSOR key until the "Cursor" menu opens.
2. Select the "Type" of the cursor.

3. For horizontal, track and measure types, select the "Source" channel that you want
to measure.

4. Scroll down the menu and adjust the additional settings, which are required for the
selected cursor type.

Cursor Types and Results

The results of cursor measurements are displayed at the top of the display. 4 cursor
types are available.

Vertical cursors

For vertical cursors, two results are displayed by default: the absolute value of the time
difference between the cursor lines At and its inverse value 1/At. Optionally, the posi-
tions of the cursor lines t1 and t2 are also measured. The results are time values and
do not depend on any waveform, thus no source is required.

Iltﬁm a= 600.0 s /A = 1.667 wmH:

® CURSor:TDELta? on page 292

® CURSor:ITDelta? on page 292
® (CURSor:X1Position on page 292
® CURSor:X2Position on page 292

Horizontal cursors

For horizontal cursors, the vertical values of the cursor positions y1 and y2 are mea-
sured. These are usually voltage or current values. The absolute value of the differ-
ence between the positions Ay is also displayed.



Cursor Measurements

-120.0 mv By = 240.0 v

® CURSor:YlPosition on page 293
® CURSor:Y2Position on page 293
® CURSor:DELTa? on page 292

Track cursors

Two vertical cursor lines are coupled to the waveform. The instrument measures the
vertical values y1 and y2 of the crossings between the cursor lines and the waveform.
It also measures the absolute values of the difference between the positions Ay and of
the time difference between the cursor lines At

Cursar

Track

® CURSor:Y1AMplitude? on page 293
® (CURSor:Y2AMplitude? on page 293
® CURSor:DELTa? on page 292

® CURSor:TDELta? on page 292

Measurements

Two vertical cursor lines define a gate for two parallel automatic measurements. All
automatic measurements that need only one source are available. Delay, phase, and
power measurements are not provided for cursor measurements, they require two
sources.

See Chapter 3.2.3, "Measurement Types", on page 76.

” 7= 99.85 s Rise= 27.13 ns

If the measurement result is outside the measurement range and clipping occurs, the
results are marked with < (underflow) or > (overflow). Adjust the vertical scale to get
valid results.

® (CURSor:MEASurement<m>:RESult:ACTual? on page 293
® CURSor:MEASurement<m>:RESult:LIMit? on page 293

3.3.3 Settings for Cursor Measurements

Access: "Cursor" menu
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Type Type Type Type
Vertical v Horizontal Track hieasure

source . Source
show position [ o . S[;)[;u(e o
v

] . Meas type 1
Track scaling —m Track scaling —E Track scaling —E P

Pos. pulse width

Coupling —m Coupling _E Coupling —E hieas type 2

Period

Set to screen Set to screen set to screen Track scaling

Coupling —n

Set to screen

State
Enables or disables the cursor measurement.

Remote command:
CURSor : STATe on page 290

Type
Defines the type of the cursor measurement.

For details, see Chapter 3.3.2, "Cursor Types and Resulis", on page 82.

"Vertical" Displays two vertical cursor lines and measures their timing parame-
ters.

"Horizontal" Displays two horizontal cursor lines and measures their amplitude
parameters.

"Track" Displays two vertical cursor lines and couples them to the source

waveform. The amplitude characteristcs and the time difference of
the crossing points are measured.

"Measure" Displays two vertical cursor lines that define a gate for two simultane-
ous automatic measurements.

Remote command:
CURSor : FUNCtion on page 290

Source
Defines the source on which the cursor measurement is performed. The source can be
any active analog or digital input signal, math waveform, or bus (requires option).

The source setting is not available for the cursor type "Vertical", and for measurements
in the XY-diagram.

Remote command:
CURSor : SOURce on page 290

User Manual 1326.1578.02 — 08 84



3.4

Mathematics

Show Position
Shows the position values of the vertical cursor lines t1 and t2 in the measurement
results. The setting is only available for the vertical cursor type.

Cursar t1 = '285.6 s M= 600.0 s

Vel 2= 3144 ns 18 = 1667 MH:

Meas Type 1/ Meas Type 2
Set the automatic measurements to be performed on the source waveform between
the cursor lines. The setting is only available for the "Measure" cursor type.

All automatic measurements that need only one source are available. Delay, phase,
and power measurements are not provided for cursor measurements, they require two
sources.

For a description of the measurement types, see Chapter 3.2.3, "Measurement Types",
on page 76.

Remote command:
CURSor :MEASurement<m>:TYPE on page 291

Track Scaling
If enabled, the position of the cursor lines is adjusted if the vertical or horizontal scales
are changed. The cursor lines keep their relative position to the waveform.

If disabled, the cursor lines remain on their position on the display if the scaling is
changed.

Remote command:
CURSor : SCPLing on page 291

Coupling
Couples the cursor lines so that the distance between the two lines remains the same
if one cursor is moved.

Remote command:
CURSor :COUP1ing on page 291

Set to Screen
Sets the cursors to a default position on the screen. This is helpful if the cursors have
disappeared from the display or need to be moved for a larger distance.

Remote command:
CURSor : SCReen on page 291

Mathematics

A math waveform is a calculated waveform. You can calculate data out of one or two
different sources using several predefined operations.

» To configure the math waveform, press and hold the MATH key until the menu
opens.
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» To activate or deactivate the last configured math waveform, shortly press the
MATH key.

» To adjust vertical scale and position of the math waveform, use the RANGE and
POS keys.

You can analyize math waveforms in the same way as channel waveforms: use zoom,
perform automatic and cursor measurements, save as reference waveform, and per-
form mask tests.

El Description of settings

State
Source 1
C1
Source 2
c?

Operation
$1-S2

State
Activates the waveform and displays it.

Remote command:
REFCurve:STATe on page 296
CALCulate:MATH:STATe on page 294

Source 1/ Source 2
Sets the source(s) for the defined mathematic operation.

Operation
Select an operation to calculate the math waveform.

"S1 + S2" Ad(dition: Adds the values of "Source 1" and ""Source 2"".

NN
[ Y

A\

"S1-S2" Subtraction: Subtracts the values of "Source 2" from the values of
"Source 1".

NN
s

NV
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3.5

Reference Waveforms

"S1* 82" Muiltiplication: Multiplies the values of "Source 1" and "Source 2".

S

"-S1," Inverse: Inverts all voltage values of "Source 1", i.e. all values are
mirrored at the ground level. Thus, a positive voltage offset becomes
negative.

=

"|S1]" Abs. Value: Calculates the absolute value of "Source 1". All negative
values are inverted to positive values.

=

"S12" Square: Squares the value of "Source 1".

g

Remote command:
CALCulate:MATH[:EXPRession] [:DEFine] on page 294

RANGE keys
The vertical RANGE keys set the vertical scale (vertical sensitivity) of the math wave-
form.

Remote command:
CALCulate:MATH:VERTical:SCALe on page 295
CALCulate:MATH:VERTical :RANGe on page 295

POS keys

Move the math waveform or down in the diagram. The position is a graphical setting
given in divisions.

You can also drag the waveform marker on the screen.

Remote command:
CALCulate:MATH:VERTical:POSition on page 295

Reference Waveforms

To compare waveforms and analyze differences between waveforms, you can use a
reference waveform. You can also save reference waveforms and load them for further
use. The display of a reference waveform is independent from that of the source wave-
form; you can change the vertical scale and position
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% To create and save a reference waveform
1. Set up the waveform that will be the reference.
2. Open the "Ref" menu.
3. Select the "Source" waveform.
4

Select "Update”.

The reference waveform is created, activated, and shown on top of the original
waveform.

You can change the vertical scale and position using the RANGE and POS keys.
To save the reference, select "Save".

Select the "File Type" (format BIN, XML, or CSV).

®©® N o o

Select the "File Name" and enter the file name.

3.5.1 Settings for Reference Waveforms

Access: "Ref" menu

Source
C1

State 1

Vertical position
0.78 div

= Save

& Load

Source
Selects the waveform to be taken as reference waveform. Any active channel or math
waveform can be used.

Remote command:
REFCurve: SOURce on page 295

Update
Creates the reference waveform from the source waveform.

Remote command:
REFCurve:UPDate on page 295

State
Activates the waveform and displays it.
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Reference Waveforms

Remote command:
REFCurve:STATe on page 296
CALCulate:MATH:STATe on page 294

Vertical Position
Sets the vertical position of the reference waveform.

You can also tap the waveform label "R" to set the focus to the reference waveform,
and use the RANGE and POS keys to adjust the display.

Remote command:
REFCurve:POSition on page 296

Save/ Load
Saves or loads a reference waveform. The default directory is C: /Users/<user>/
Rohde-Schwarz/RTH/ReferenceCurves.

Select the "File Type" (format BIN, XML, or CSV) and enter the "File Name". See also
Chapter 3.5.2, "Waveform Files", on page 89.

Remote command:

REFCurve : NAME on page 296
REFCurve : SAVE on page 296
REFCurve : OPEN on page 296
REFCurve:DELete on page 296

Waveform Files

Reference waveforms can be stored in XML, CSV, or BIN format.

If you want to reload reference waveforms on the instrument, save them in BIN or CSV
format. XML files cannot be reloaded.

3.5.21

Waveform data is saved in two files. One file contains the waveform data values and is
indicated by *wfm. * in the file name. The second file contains the header data, for
example, time scale, vertical scale, vertical position, acquisition mode, and more.
Header data is required to reload the waveform from data, or to analyze the data val-
ues of the data file.

Waveform Header Files

The header files of XML and BIN waveform files are written in XML format. The header
files of CSV waveform files are written in CSV format. You can open the header files
and use their information for data analysis.

CS8V header files only contain the property names and values, one property per row.

VerticalScale:0.05:

HorizontalScale:5e-08:



Reference Waveforms

XML header files contain more information than CSV header files. For analysis, only
Name and Value are needed.

<Prop Name="VerticalScale" Value="0.05" UserValue="0.05" Step="0.001" Default="
Min="0.001" Max="100" StepDefault="0.001" StepFactor="10" UnitId="77"
UnitName="V/div" BitGroupSize="0" Format="0"></Prop>

<Prop Name="HorizontalScale" Value="le-07" UserValue="1le-07" Step="1e-09"
Default="1e-07" Min="1e-09" Max="500" StepDefault="1e-09" StepFactor="10"
UnitId="75" UnitName="s/div" BitGroupSize="0" Format="0"></Prop>

Header files contain the following properties:

0.05"

Value

Description

Vertical settings

VerticalScale

Vertical scale of the waveform in Volts per division, or other unit / division

VerticalOffset

Vertical offset of the waveform in Volts, or other unit

VerticalPosition

Vertical position of the waveform in divisions

Horizontal and acquisition settings

HorizontalScale

Time scale in seconds per division

HorizontalLeft

Horizontal start value of the waveform (time in s)

HorizontalResolutionPP

Time between two recorded samples

HorizontalAcquisitionMode

Sample, Peak Detect, High Res, Envelope, or Average

HorizontalDecimationFactor

At long time bases, if the number of captured samples is higher than the
available record length, decimation takes effect. If the time scale is <5 ps/
div, the decimation factor is 1.

Samples

HorizontalTraceLength

Record length, number of recorded waveform samples, which are stored
in the memory

PostSettlingSamples

Number of additional samples after the end of the waveform record.

PreSettlingSamples

Number of additional samples before the beginning of waveform samples.
They ensure that all measurements can be performed on the reloaded
waveform that could be performed on the original waveform.

3.5.2.2 Waveform Data Files

The waveform data files are indicated by *Wfm. * in the file name. They contain the
actual waveform data, the Y-values of the samples. Mostly, the Y-values are voltages:

YO0; Y1;Y2;Y3; ...

Before and after the waveform data, the instrument writes some presettling and post-
settling samples. The overall number of values in the data file is:

ValuesNumber = PreSettlingSamples + Horizontal TraceLength + PostSettlingSamples

For envelope waveforms, the number of values in the file doubles. Two Y-values for
each sample are written, one for the upper and one for the lower envelope:



XY-Diagram

YminO; Ymax0; Ymin1; Ymax1; Ymin2; Ymax2; Ymin3; Ymax3;...

In peak detect acquisition mode, the number of values depends on the decimation fac-
tor. If the decimation factor is 1, one value per sample is written. At higher decimation
factors, two values per sample are written.

In CSYV files, the data values of one sample are written in one row. Envelope data, for
example, looks like this:

-0.0125490196078431 -0.0619607843137255
-0.0133333333333333 -0.0627450980392157
-0.0149019607843137 -0.0650980392156863

XML files are easy to read:

<sample>
<datamax>-0.012549</datamax>
<datamin>-0.0619608</datamin>
</sample>
<sample>
<datamax>-0.0133333</datamax>
<datamin>-0.0627451</datamin>
</sample>
<sample>
<datamax>-0.014902</datamax>
<datamin>-0.065098</datamin>

</sample>

3.6 XY-Diagram

XY-diagrams combine the voltage or current levels of two input signals in one diagram.
They use the level of a second signal as the x-axis, rather than a time base. This
allows you to perform phase shift measurements, for example.

% 1. Press the MODE key.
2. Select "XY".

3. Make sure that the signals, the trigger, and the acquisition are set up correctly. The
following menus are available in XY-mode:

"Vertical", see Chapter 2.2, "Vertical Setup"”, on page 38.
"Horizontal", see Chapter 2.3, "Horizontal Setup”, on page 42.
"Trigger", see Chapter 2.5, "Trigger", on page 46.

"Acquire", see Chapter 2.4, "Acquisition Control", on page 43.

To analyze the signal in XY-mode, you can use cursor measurements. You can select
vertical or horizontal cursors, couple the cursor lines or set them to screen. All other
cursor settings are not relevant for measuring the XY-diagram.
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El Description of settings

Source X
Defines the signal that supplies the x-values of the XY-diagram, replacing the usual
time base. The source can be any of the active analog channels.

Source Y
Defines the signal to be displayed in y-direction in an XY-diagram. The source can be
any of the active analog channels.

3.7 History (Option R&S RTH-K15)

The history option R&S RTH-K15 accesses the data of previous acquisitions and pro-
vides them for further analysis. Using this option, you can analyze, for example, packet
communication on serial buses, radar pulses, laser pulses, and signals that occur in
short bursts with long idle times.

If history is enabled and an acquisition runs, the instrument stores the captured wave-
forms, processes the data and displays the current waveform. Each stored waveform is
called a segment. When the acquisition is stopped, the history player is shown to
access the stored segments, and to display and analyze them. When you start a new
acquisition, the history is cleared and written anew.

The history stores the following data during acquisition:
® All active analog channels.
® All logic channels if at least one logic is active (with option R&S RTH-B1).

® Decoded bus data if the bus is active (with option R&S RTH-K1 and/or R&S RTH-
K2).
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3.71

To enable the history:
1. Tap the Menu button and select "History" on the menu.

2. Enable "History".

History Settings

Access: "History" menu

History T

Number of Seqments
100 v

Player Speed
Automatic v

Player Control Position
User v

Available Acquisition
100

Start Acquisition
-99

Stop Acquisition

Time Format
Absolute

History
Enables the history function. The instrument stores the captured waveforms in seg-
ments. After stopping the acquisition, you can analyze them.

Remote command:
CHANnel<m>:HISTory[:STATe] on page 297

Number of Segments
Sets the number of segments to be stored.

Note: If zoom or mathematics are active during acquisition, the actual number of
stored segments may be less than the defined number. To avoid the decrease of
stored waveforms, disable zoom and mathematics before you acquire the waveforms.
You can enable zoom and mathematics later in stop mode and use them to analyze
any of the history segments.

Remote command:
CHANnel<m>:HISTory:NSEGments on page 297

Player Speed
Defines how fast the history player shows the stored segments.

[
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3.7.2

Remote command:
CHANnel<m>:HISTory:TPACq on page 297

Player Control Position
Sets the position of the history player window on the display. You can drag the window
on the touchscreen to another position. If so, a "User" position is indicated.

Available Acquisition
Shows the number of segments that are currently stored in the history.

Remote command:
ACQuire:AVAilable? on page 298

Start Acquisition / Stop Acquisition

Define the index of the first and the last history segment that the history player shows.
Change these values if you want to see a smaller range of subsequent segments from
the history. The newest segment has always the index "0". Older segments have a
negative index. The number of available segments is shown in "Available Acquisition".

Remote command:
CHANnel<m>:HISTory:STARt on page 298
CHANnel<m>:HISTory:STOP on page 298

Time Format

Defines if the timestamp in the history player window shows the absolute or relative
time. Absolute time is the date and the daytime of the current acquisition. Relative time
is the difference to the newest segment (index = 0).

See also "Timestamp" on page 95.

Displaying History Data

In the history player window, you start and stop the playback of the stored segments,
and you can display a particular acquisition.

Time Stamp

2016-02-05 10:43:03.000

99 25

> 4 P D

1 = Timestamp, here: absolute time

2 = Index of the oldest, current, and newest (= 0) segment

3 = Slider to set the displayed segment

4 = Control buttons: Play, Step Forward, Step Back, and Repeat

HE
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Timestamp

The timestamp shows the time of the currently displayed history segment. Thus, the
time relation between acquisitions is always available. More precisely, the timestamp is
the time of the trigger event.

The timestamp can be absolute or relative:

® Absolute: Date and daytime of the trigger event of the displayed segment.
Depending on the horizontal position, the waveform can be captured up to 100,000
seconds after the trigger event, and thus after the displayed timestamp. The instru-
ment considers this delay automatically, all measurements are related to the trigger
event.

® Relative: time difference of the current segment to the newest segment (index = 0).
Remote command:

® CHANnel<m>:HISTory:TSABsolute? on page 299

® CHANnel<m>:HISTory:TSDate? on page 299

® CHANnel<m>:HISTory:TSRelative? on page 300

To display history segments

You can access the history segments in several ways:

® Play back all captured history segments.

® Play back a specified range of subsequent segments.
® Show one particular segment.

Proceed as follows:

1. If the acquisition is running, stop the acquisition.

The history player is shown.

2. To play back the segments once, tap the Play button.
By default, all captured waveforms are shown.

3. To display a range of segments out of the history:

a) Open the "History" menu.

b) Set the index of the first and the last segment that you want to see.
See "Start Acquisition / Stop Acquisition” on page 94.

c) In the history player window, tap the Play button.

4. To play back the segments repeatedly.

a) Enable the "Repeat” button.
b) Tap the "Play" button.

5. To access a particular segment, you can:

e Drag the slider in the history player window, until the required index number is
shown.
e Use the "Step Forward" and "Step Back" buttons to show the next segment.



3.7.3

3.7.4

History (Option R&S RTH-K15)

Remote command:

® CHANnel<m>:HISTory:PLAY on page 299

® CHANnel<m>:HISTory:REPLay on page 299
® CHANnel<m>:HISTory:CURRent on page 298

Analyzing History Data

You can analyze the stored segments using the following possibilities:

® Switch analog channels on and off if they were active during acquisition.
® Change vertical scale and position of captured channels.

® Use the zoom.

® Save screenshots.

® Perform cursor measurements.

® Perform automatic measurements.

® Use the mathematical functions.

® Switch logic channels on and off if at least one channel was active during acquisi-
tion.

® Enable and disable the serial bus if it was active during acquisition.

Exporting History Data

You can export history data to files. History data is always saved in "Compressed
CSV" files. Each segment is saved to a separate file, and all segment files are written
to a compressed folder.

Mame

Wiavefarm_2016-04-27_135011_0.csv
Wiavefarm_2016-04-27_135011_-Lcsw
Wiavefarm_2016-04-27_135011_-2.csw
Wiravefarm_2016-04-27_135011_-3.cav
Wiravefarm_2016-04-27_135011_-4.cav
Wiravefarm_2016-04-27_135011_-5.cav
Wiravefarm_2016-04-27 135011 -f.csw
Wiaveform_2016-04-27 135011 -T.csw
Wiaveform_2016-04-27 135011 -8.csw
Wiaveform_2016-04-27_135011 -9.caw
Wiéaveform_2016-04-27_135011 -10.cov

Figure 3-5: Content of a history waveform folder

The file names are built using the filename pattern and the segment index:
<filename base> <date> <time> <index>.csv.

In the header section, the relative timestamp of each segment is written. The newest
segment with index 0 has the timestamp 0. All timestamps are relative to the newest
segment, in s.
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Timestamp -0.000046565
Waveform Type ANALOG
Acquisition Mode  SAMPLE
Horizontal Unit 5

Horizontal Scale 1.00E-07
Harizontal Position 1.06E-22
Reference Point a0%
Sarnple Interval 2.00E-10
Record Length 5000
Prabe Setting 10:1"

Yerical Unit W

Yertical Scale 0.5
“ertical Position 0
“ertical Offzet 0

To save history data:

1. Set up the history and capture the waveforms.
2. Press the FILE key.

3. Select "Waveforms".
4

Tap "Select Waveform" and select one waveform for export, or select all active
waveforms.

5. Enable "Save History".
If acquisition is running, enabling "Save History" stops the acquisition.

6. Check the "Waveform Directory”, the "Filename Base", and the "CSV Column
Delimiter". Adjust if necessary.

7. If you need time information for analysis, enable "Store with Time".

8. Tap "Save Waveform".

All export settings are described in Chapter 11.4.2, "Waveform Export Settings",
on page 225.



Mask Test Results

4 Mask Testing

Masks are used to determine whether the amplitude of a signal remains within speci-
fied limits, e.g. to detect errors or test compliance of digital signals.

A mask is specified by an upper and a lower limit line. The signal must run inside these
limit lines, otherwise a mask violation occurs. A new mask is created from an existing
signal: Mask limits are created by copying the waveform, and the limits are moved and
stretched. The result is a tolerance tube around the signal that is used as mask.

4.1 Accessing the Mask Mode

1. Press the MODE key.

MODE 1

2. Select "Mask".

+

tallle

The mask interface is displayed and mask testing is started if masks are already
defined and activated.

4.2 Mask Test Results

Mask testing checks all active waveforms for mask violation simultaneously.

The test result of the selected mask is shown in the result table in the upper left corner
of the display.
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Figure 4-1: Mask-mode-view

1 = Selected channel

2 = Number and percentage share of passed acquisitions
3 = Number and percentage share of failed acquisitions
4 = Number of tested acquisitions

5 = Test duration

Remote commands for mask test results:

® MASK:CHANnel<m>:RESult:PASS[:COUNt]? on page 303

® MASK:CHANnel<m>:RESult:PASS:PERCentage? on page 303
® MASK:CHANnel<m>:RESult:FATL[:COUNt]? on page 302

® MASK:CHANnel<m>:RESult:FAIL:PERCentage? on page 302
® MASK:CHANnel<m>:RESult:TOTL[:COUNt]? on page 303

® VMASK:ELAPsedtime:TOTal? on page 303

® MASK:ELAPsedtime[:SECS]? on page 304

® VMASK[:TESTstate]? on page 302

4.3 Running Mask Tests

1. Before you can perform mask tests, adjust the waveforms by editing the vertical,
horizontal, trigger and acquisition settings.

For details see:

e Chapter 2.2, "Vertical Setup", on page 38

e Chapter 2.3, "Horizontal Setup", on page 42

e Chapter 2.5, "Trigger", on page 46

e Chapter 2.4, "Acquisition Control", on page 43

Note: The acquisition mode "Envelope" is not available while running mask tests.
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2. If you want to test a mathematical (math) waveform, generate a math waveform,
see Chapter 3.4, "Mathematics", on page 85.

3. Select the "Mask" menu.
4. Select the mask channel that is assigned to the tested waveform.
5. To activate the mask, tap "State".

Select Mask
C1 C2 (3

M

Note: If the selected mask was used before, the stored mask is displayed.
6. To set the mask width, enter "Width X" and "Width Y".

7. Select the "Action on Violation".
This action is applied to all masks.

8. To create the mask, tap "Create Mask".

9. To start and stop mask testing, press the RUN STOP key.

RUN
STOP

Analyzing the mask test

To view the details of the waveform at a mask test violation, you can use the zoom
function, see Chapter 3.1, "Zoom", on page 73. Zooming is only possible while the
mask test is stopped.

4.4 Mask Settings

Access: "Mask" menu
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Reset all Mask Results

Coupling —m

wask Channel
1 @2 3 ¢4

State 1
Width X
0 div
Width ¥
0.1 div
Create hiask

Action on violation
Nohe

™ Save all Masks

I Load all hasks

Figure 4-2: Mask settings

Reset all Mask Results
Resets all mask test results.

Remote command:
MASK:RST on page 302

Coupling
If enabled, the settings of the selected mask are applied to all active masks when you
tap "Create Mask".

Mask Channel
Selects the mask to be configured.

If the selected mask has been created before, and it is active, the mask is shown on
the display.

Each mask channel is assigned to its related waveform (input channel or math wave-
form) as indicated by the mask channel name.

State
Turns the mask on or off.

If the assigned waveform is inactive, it is activated together with the mask.

Remote command:
MASK:CHANnel<m>:STATe on page 300

HE
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Width X
Changes the width of the mask in horizontal direction.

The specified number of divisions in divisions is added to the positive x-values and
subtracted from the negative x-values of the mask limits in relation to the mask center.
Thus, the left half of the mask is pulled to the left, the right half is pulled to the right.

To apply the changed value to an existing mask, tap "Create Mask".

Remote command:
MASK:CHANnel<m>:PROPerties:XWIDth on page 300

Width Y
Changes the width of the mask in vertical direction.

The specified number of divisions is added to the y-values of the upper mask limit and
subtracted from the y-values of the lower mask limit. Thus, the upper half of the mask
is pulled upwards, the lower half is pulled down, and the overall height of the mask is
twice the "Width Y".

To apply the changed value to an existing mask, tap "Create Mask".

Remote command:
MASK:CHANnel<m>:PROPerties:YWIDth on page 301

Create Mask
Creates a new mask, or applies modified mask settings to the mask.

If "Coupling" is enabled, all active masks are recreated with the settings of the selected
mask.

Remote command:
MASK : CHANnel<m>:CREatemask on page 301

Action on Violation
Selects the action to be executed if the mask limits are violated.

This action is applied to all masks.

Remote command:
MASK:ONViolation[:SELection] on page 301

Save all Masks
Opens an explorer to save all active masks.

Load all Masks
Opens an explorer to load masks.

If an acquisition is running, the acquisition is topped until the masks are reloaded.

RUN / STOP
Starts and stops triggering on mask violations.

Remote command:
RUN on page 258
STOP on page 259
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5.1

511

51.2

FFT Mode

Spectrum Analysis

The R&S RTH provides several forms of spectrum analysis:
® Basic FFT calculation, which is included in the firmware

® Spectrum analysis option R&S RTH-K18, which is hardware-supported and pro-
vides a wide range of analysis possibilities, for example,

® Harmonics measurement option R&S RTH-K34, which provides an overview and
characteristic details on the harmonics contained in the measured signal

L 1Y oo 1= SRS 103

Spectrum Mode (Option R&S RTH-K18).....cocuiiiiiiiiieie e 108

Harmonics Measurement (Option R&S RTH-K34).........coooiiiiiiiiiiiiiieiiiieeeeee 125
FFT Mode

The new FFT mode is included in the standard R&S RTH installation and allows you to
perform FFT analysis directly on the instrument. During FFT analysis, the captured sig-
nal in the time domain is converted to a spectrum of frequencies. As a result, the mag-
nitude of the determined frequencies can be displayed.

Accessing the FFT Mode

1. Press the MODE key.
0

MODE ‘

2. Select "FFT".

FFT

FFT

A power vs. frequency (spectrum) diagram is displayed, and the spectrum of the
currently captured data is analyzed, if available.

Display and Control

The FFT display shows a power vs. frequency (spectrum) diagram and relevant analy-
sis parameters. FFT results are useful to obtain an overview of the input signal in the
frequency domain and to detect unusual signal effects (such as spurs or distortions)
visually.
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Figure 5-1: FFT display

1 = Resolution bandwidth (RBW), determined from channel bandwidth and frequency span
2 = Time scale (time per division)

3 = Power vs. time waveform

4 = Amplitude (y-axis) scale (range per division)

5 = FFT mode active

6 = Frequency values (x-axis)

7 = Channel providing input data

8 = Amplitude values (y-axis)

9 = 0 dBm line (y-axis)

Data source

FFT analysis is performed on the data captured from one of the active input channels.
Analysis can be performed on all channels simultaneously.

Time base

FFT analysis is generally performed on the data captured during the entire data acqui-
sition. To restrict the time base for which FFT analysis is to be performed (thus reduc-
ing calculation time), you must change the Time Scale. Gating or zooming is not avail-
able for FFT analysis.

Frequency range

The spectrum display can also be restricted to a specified frequency range. By default,
the full determined spectrum is displayed. However, you can restrict the channel band-
width to a smaller value.
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Aliasing
In FFT mode, no lowpass filter is applied. If aliasing occurs, try restricting the fre-
quency range of the input signal using the Channel Bandwidth setting.

Note that, as opposed to FFT mode, the Spectrum mode (option R&S RTH-B18) uses
an anti-aliasing filter.

The frequency axis is adjusted to the available spectrum and the selected X-Scaling
mode (linear or logarithmic). For linear scaling, the frequency axis starts at 0 Hz.

For logarithmic scaling, it starts at the frequency resolution (the distance between two
individual frequency values on the x-axis), which depends on the selected Frequency
Span and the Channel Bandwidth.

In logarithmic mode, not all possible amplitude values for a specific frequency may
occur. Each result is indicated by a bright, colored trace point.

The DC amplitude (at 0 Hz) is not displayed, as Ig(0) is not defined.

The maximum frequency value depends on the following parameters and is adjusted
accordingly:

® Sample Frequency (the sample rate with which FFT analysis is performed)

® (Channel Bandwidth

® |nstalled bandwidth options

Amplitude range

The amplitudes determined for each frequency are displayed on the y-axis of the spec-
trum. The values are scaled in dBm (dBmW) based on 50 Q impedance.

To change the displayed range, use the RANGE keys and the POS keys. The position
of the 0 dBm line is indicated by an "F" on the y-axis.

i

AUTOSET, vertical, and trigger settings

Vertical and trigger settings for the input signal must be applied in Scope mode, before
FFT mode is selected. The same applies to automatic adjustment of the instrument
settings to the input signal (AUTOSET).

5.1.3

Performing FFT Analysis

1. Before you can perform FFT analysis, adjust the waveforms by editing the vertical,
horizontal, trigger and acquisition settings.

For details, see:

e Chapter 2.2, "Vertical Setup", on page 38

e Chapter 2.3, "Horizontal Setup", on page 42
e Chapter 2.5, "Trigger", on page 46
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FFT Mode

e Chapter 2.4, "Acquisition Control", on page 43

2. To adjust the instrument settings to the current input signal automatically, press
AUTOSET.

3. Select the "FFT" mode.

4. Select the "Frequency Span" setting and determine which sample frequency you
require ("Max" is the highest).

5. Select the "Window" type according to the signal characteristics that are most rele-
vant for your measurement task (see "Window type" on page 107).

6. Select the "Channel Bandwidth" setting and define the frequency limit of the spec-
trum diagram. Frequencies above the selected limit are removed to reduce noise at
different levels.

7. To switch to a logarithmic frequency scaling, select "X-Scaling": "Logarithmic".

To start and stop FFT analysis, press the RUN STOP key.

FFT Mode Settings

Access: "FFT" menu

Additional settings for horizontal (time) scaling and data acquisition are available for
FFT mode and directly accessible via the FFT menu. For a description, see:

® "Time Scale" on page 43
® "Acquisition Mode" on page 44
® "Sampling Rate C1 - C4" on page 45

Furthermore, the history function can be used to perform FFT analysis on stored data,
see Chapter 3.7, "History (Option R&S RTH-K15)", on page 92.
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Selects the channel for which the captured data is analyzed in FFT mode. FFT analy-
sis can be performed on all channels simultaneously.

Remote command:
SPECtrum: SOURce on page 304



Frequency Span
Determines how many values are analyzed by a single FFT (sample frequency), and
thus the frequency resolution. The larger the value, the higher the resolution, but the
longer the required analysis time.

FFT Mode

Note: Due to the longer analysis time, changes to the measurement settings may only
become visible with a time delay.

Furthermore, the frequency span determines the visible range in the spectrum dia-
gram. Depending on the selected frequency span, the time scale may be restricted
(see "Time Scale" on page 43).

"Narrow"
IIMaXII

8k values analyzed per FFT; time scale = 100 ms/div

64k values analyzed per FFT; time scale = 1 ys/div

Remote command:

SPECtrum
SPECtrum:
SPECtrum:
SPECtrum:

:FREQuency:

FREQuency:
FREQuency:
FREQuency:

SPAN :MODE on page 306
SPAN[:VALue] on page 306
CENTer on page 305

STARt on page 306

SPECtrum:FREQuency:
SPECtrum:FREQuency:

STOP on page 307
BANDwidth[:RESolution] [:VALue] on page 305

Window type

Windowing helps minimize the discontinuities at the end of the measured signal inter-
val and thus reduces the effect of spectral leakage, increasing the frequency resolu-
tion.

Various different window functions are provided in the R&S RTH to suit different input
signals. Each of the window functions has specific characteristics, including some
advantages and some trade-offs. Consider these characteristics carefully to find the
optimum solution for the measurement task.

Table 5-1: Window type characteristics

Window type Frequency Magnitude Measurement recommendation
resolution resolution

Rectangular Best Worst Separation of two tones with almost equal amplitudes
and a small frequency distance

Hamming Good Poor Frequency response measurements, sine waves, peri-

Hann odic signals and narrow-band noise

Flat-Top Poor Best Accurate single-tone measurements

Blackman Worst Best Mainly for signals with single frequencies to detect har-
monics
Accurate single-tone measurements

Remote command:
SPECtrum: FREQuency:WINDow: TYPE on page 307
SPECtrum: FREQuency:WINDow:FACTor? on page 307
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Channel Bandwidth

Determines the frequency limit of the spectrum. Frequencies above the selected limit
are removed to reduce noise at different levels. Values from 1 kHz to 10 MHz can be
selected. Alternatively, the full span of the current input signal can be selected.

For more details on the channel bandwidth, see "Bandwidth" on page 39.

Remote command:
CHANnel<m>:BANDwidth on page 254

X-Scaling
Defines the scaling method for the frequency (x-)axis of the spectrum display.

"Linear" Linear scaling

"Logarithmic" Logarithmic scaling
Note that in this mode, not all possible amplitude values for a specific
frequency may occur. Each result is indicated by a bright, colored
trace point.
The DC amplitude (at 0 Hz) is not displayed, as Ig(0) is not defined.

Remote command:
SPECtrum: FREQuency:HORizontal: SCALe on page 305

Sample Frequency

Indicates the sample rate with which FFT analysis is performed. This value may differ
from the Sampling Rate C1 - C4 in the data acquisition settings, as the number of sam-
ples must be adjusted to a value of 2* FFT points.

Remote command:
SPECtrum: FREQuency: SAMPle? on page 306

5.2 Spectrum Mode (Option R&S RTH-K18)

The optional Spectrum mode allows you to perform sophisticated spectrum analysis
directly on the instrument. During spectrum analysis, the captured signal in the time
domain is converted to a spectrum of frequencies. As a result, various signal charac-
teristics in the frequency domain can be displayed.

o Accessing the Spectrum MOEe. ..........u i 109
o Display and CONtrol.........cooo i 109
o Performing Spectrum ANalySiS.........ueii i 111
e  Spectrum Mode SetlinNgsS.......coviieccuiiiiiiiiee e 112
L IV Y o o= IR T=Y 1 ] o [ PUPPURRS 116
o Marker (Peak Search) Settings........ccccoiiiiiiiiiiie e 117
e Cursor Measurements 0N SPECITUMS..........ccoiiiiiiiiiiiiiieeee e e 120
e Spectrum File FUNCHONS........uuiiiciiiii e e e e e e e e e e 123
e Spectrum Results Export File Format..........ccccviiiiiii e 124
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5.2.1 Accessing the Spectrum Mode

1. Press the MODE key.
B

MODE ‘

2. Select "Spectrum”.

Spectrum

A power vs frequency (spectrum) diagram is displayed, and the spectrum of the
currently captured data is analyzed, if available.

5.2.2 Display and Control

The Spectrum display shows a power vs frequency (spectrum) diagram and relevant
analysis parameters. Spectrum results are useful to obtain an overview of the input sig-
nal in the frequency domain and to detect unusual signal effects (such as spurs or dis-
tortions) visually.

The power levels in the diagram are always scaled logarithmically. The frequency axis
can be displayed either logarithmically or linearly.

Various statistical evaluations can be performed and displayed simultaneously. In this
case, the different traces are displayed in different colors:

® Currently calculated spectrum: cyan-colored trace (like basic FFT)

® Min hold and max hold evaluation: blue trace

® Averaged spectrum: magenta-colored trace

Optionally, markers can be activated to indicate peak values in the spectrum. Track

cursors are available to determine the power or power density in a specific frequency
range.
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1000MHz RBW: 5000kHz Run 4 “512%

Figure 5-2: Spectrum display

= Reference level (y-axis, by default 0 dBm line)

= Currently calculated spectrum (power vs. frequency graph)
= Amplitude scale (y-axis)

= Channel providing input data

= Coupling of the input channel

= Frequency scale (x-axis)

= Amplitude scale (y-axis, power per division)

= Operating status of the spectrum measurement ("Hold"/"Run")
= Displayed resolution bandwidth

10 = Displayed frequency span

11 = Center frequency

12 = Marker results

13 = Reference marker

© 000N OB WN =

Data source

Spectrum analysis is performed on the data captured from one of the active input
channels. Analysis can only be performed on one channel at a time.

Time base and resolution bandwidth

Spectrum analysis is generally performed on the data captured during the entire data
acquisition. To restrict the time base for which spectrum analysis is to be performed
(thus reducing calculation time), you must increase the resolution bandwidth (RBW,
see "Resolution bandwidth (RBW)" on page 114). Gating or zooming is not available
for spectrum analysis.
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Frequency range
The spectrum display can also be restricted to a specified frequency range.

The frequency axis is adjusted to the available spectrum and the selected X-Scaling
mode (linear or logarithmic). Note that changing the frequency range only affects the
spectrum display, not the calculated results.

In logarithmic mode, not all possible amplitude values for a specific frequency may
occur. Each result is indicated by a bright, colored trace point.

The DC amplitude (at 0 Hz) is not displayed, as Ig(0) is not defined.

Amplitude range

The amplitudes determined for each frequency are displayed on the y-axis of the spec-
trum. The values are scaled in dBm (dBmW) based on 50 Q impedance.

To change the displayed range, use the RANGE keys and the POS keys. The position
of the 0 dBm line is indicated by an "F" on the y-axis.
Triggering

During spectrum analysis, no triggering is used - the trigger settings are ignored. A
spectrum is calculated from the input data continuously.

5.2.3 Performing Spectrum Analysis

1. Before you perform spectrum analysis, adjust the instrument settings to the input
signal by editing the vertical, horizontal, and acquisition settings.

For details, see:

e Chapter 2.2, "Vertical Setup", on page 38

e Chapter 2.3, "Horizontal Setup", on page 42

e Chapter 2.4, "Acquisition Control", on page 43

2. To adjust the instrument settings to the current input signal automatically, press
AUTOSET.

Select the "Spectrum" mode.
Define the "Center Frequency" for analysis.
Define the "Span" of the spectrum to be analyzed.

Define the required "RBW: Span Ratio" according to your test requirements.

N o o M w

Select the "Window" type according to the signal characteristics that are most rele-
vant for your measurement task (see "Window type" on page 107).

8. To switch to a logarithmic frequency scaling, select "X-Scaling": "Logarithmic".
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9. To perform statistical evaluation of the spectrum results, select one of the evalua-
tion modes.
For averaging, define the number of values to be considered.

10. Select the "Vertical" menu.
11. Define the unit in which the magnitude values are indicated.

12. Define the "Reference Level" as the highest expected input level.

m 13. To start and stop spectrum analysis, press the RUN STOP key.

14. To determine peaks in the spectrum:

a) Select the "Marker" menu.

b) Set the "State" to "On" to enable a peak search.

c) Define the number of markers as the maximum number of peaks to be detec-
ted.

d) Define the "Threshold", "Excursion", and "Distance" to configure the peak
search.

e) Select one of the displayed traces to be used as the source of the peak search.

f) Select whether the marker values are indicated as absolute values or relative
to the reference (highest) peak.

15. To determine the frequency or level values, or both, at specific points in the spec-
trum, enable the spectrum track cursors:

a) Select the "Cursor" menu.

b) Set the "State" to "On" to display the cursors.

c) Select one of the displayed traces to be used as the source of the track cur-
SOrs.

d) Select whether the values are indicated as absolute values or as the difference
between the two cursors ("Delta").

e) Drag the cursors to the required positions in the spectrum.
The levels and frequencies of the cursors at the crossings with the spectrum
are indicated at the top of the diagram.

f) To keep the cursors at a fixed distance to one another, enable the "Coupling"
option.

g) To keep the cursors at a fixed (relative) distance to the spectrum, regardless of
the current scaling, enable the "Track Scaling" option.

5.2.4 Spectrum Mode Settings

Access: "Spectrum" menu
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autorew [

RBYY:Span Ratio

1:200

Window

Hann v

clear/wiite [l

macHold [l
iin Hold n
Average n

Additional settings for horizontal (frequency) scaling and data acquisition are available
for Spectrum mode and directly accessible via the "Spectrum” menu. For a description,
see:

® "Time Scale" on page 43
® "Acquisition Mode" on page 44
e "Sampling Rate C1 - C4" on page 45
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X-Scaling

Defines the scaling method for the frequency (x-)axis of the spectrum display.
"Linear" Linear scaling

"Logarithmic" Logarithmic scaling
Note that in this mode, not all possible amplitude values for a specific
frequency may occur. Each result is indicated by a bright, colored
trace point.
The DC amplitude (at 0 Hz) is not displayed, as Ig(0) is not defined.

Remote command:
SPECtrum: FREQuency:HORizontal : SCALe on page 305
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Center Frequency

Defines the frequency in the center of the displayed span for linear frequency scaling
(see "X-Scaling" on page 108). Usually, the center frequency is set to the highest mea-
sured power level in spectrum analysis.

To set the center frequency, you can also use the POS keys.

Remote command:
SPECtrum: FREQuency:CENTer on page 305

Span

Determines the measured frequencies and the visible range in the spectrum diagram
for linear frequency scaling (see "X-Scaling" on page 108). Depending on the selected
span, the time scale may be restricted (see "Time Scale" on page 43).

To set the span, you can also use the TIME keys.
The span must be within the range 1 kHz to 500 MHz.
Note that this range only affects the displayed spectrum, not the calculated results.

Remote command:
SPECtrum: FREQuency: SPAN [ :VALue] on page 306

Start Frequency/ Stop Frequency

For logarithmic frequency scaling (see "X-Scaling" on page 108), the displayed fre-
quency range is defined by a start and a stop value, rather than a span and center fre-
quency. Note that this range only affects the displayed spectrum, not the calculated
results.

Remote command:
SPECtrum: FREQuency: STARt on page 306
SPECtrum: FREQuency: STOP on page 307

Resolution bandwidth (RBW)

The resolution bandwidth (RBW) determines the resolution of the spectrum, that is: the
minimum distance between two distinguishable peaks. The higher the resolution (the
smaller the ratio), the more peaks are detected, but the longer the measurement
requires to finish.

In manual operation, the RBW is defined in relation to the selected frequency span and
must lie between 1:1000 and 1:10. If you change the span, the RBW is automatically
adjusted to the minimum or maximum allowed value, if necessary. (In remote opera-
tion, the RBW can also be defined directly, independently of the span).

In Auto mode, the optimal resolution according to the frequency Span and selected
Window type is used. It is indicated for the "RBW" setting.

Remote command:

SPECtrum: FREQuency:BANDwidth[:RESolution] :AUTO on page 309
SPECtrum: FREQuency:BANDwidth[:RESolution] :RATio on page 309
SPECtrum: FREQuency:BANDwidth[:RESolution] [:VALue] on page 305
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Window type

Windowing helps minimize the discontinuities at the end of the measured signal inter-
val and thus reduces the effect of spectral leakage, increasing the frequency resolu-
tion.

Various different window functions are provided in the R&S RTH to suit different input
signals. Each of the window functions has specific characteristics, including some
advantages and some trade-offs. Consider these characteristics carefully to find the
optimum solution for the measurement task.

Table 5-2: Window type characteristics

Window type Frequency Magnitude Measurement recommendation
resolution resolution
Rectangular Best Worst Separation of two tones with almost equal amplitudes

and a small frequency distance

Hamming Good Poor Frequency response measurements, sine waves, peri-
Hann odic signals and narrow-band noise
Flat-Top Poor Best Accurate single-tone measurements
Blackman Worst Best Mainly for signals with single frequencies to detect har-

monics

Accurate single-tone measurements

Remote command:
SPECtrum: FREQuency:WINDow: TYPE on page 307
SPECtrum: FREQuency:WINDow: FACTor? on page 307

Trace mode (Clear/Write/ Max Hold/ Min Hold/Average )

Determines which of the acquired data is displayed. Several traces can be displayed in
parallel, but at least one mode must be selected. By default, the "Clear/Write" mode is
selected.

As soon as a new mode is selected, statistical evaluation is restarted.
To clear the results for previous measurements used for statistical evaluation, select

Reset.

"Clear/Write" The currently measured value for each frequency is displayed.

"Max Hold" The maximum value for each frequency over all measurements is dis-
played.
Using the max hold trace mode is a good way to detect intermittent
signals or the maximum values of fluctuating signals, for example.

"Min Hold" The minimum value for each frequency over all measurements is dis-
played.
Using the min hold trace mode is a good way to highlight signals
within noise or suppress intermittent signals.

"Average" The average value for each frequency in the Clear/write trace over

the specified "Number of Averages" is calculated.

Averaging reduces the effects of noise, but has no effects on sine sig-
nals. Using the trace averaging therefore is a good way to detect sig-
nals in the vicinity of noise.
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Remote command:

SPECtrum:WAVeform:MAXimum[ :ENABle] on page 311
SPECtrum:WAVeform:MINimum|[ :ENABle] on page 311
SPECtrum:WAVeform: SPECtrum[:ENABle] on page 311
SPECtrum:WAVeform:AVERage [ :ENABle] on page 310
SPECtrum: FREQuency:AVERage : COUNt on page 308

Reset
Clears the results for previous measurements used in statistical evaluation (see Trace
mode (Clear/Write/ Max Hold/ Min Hold/Average )).

Remote command:
SPECtrum: FREQuency:RESet on page 311

5.2.5 Vertical Settings

You can configure the vertical settings for the input signal in Scope mode. When you
select the Spectrum mode, the configuration is maintained. Some additional vertical
settings are available in Spectrum mode.

Unit of Magnitude
dBm v

Reference Level

0 dBm
Source

C1 C2

Coupling
Probe Setting
1:1 v
Vertical Scale

50 m¥/diy

Offset
oy

The AUTOSET function sets the center frequency to the frequency with the highest
measured power. All other vertical settings are set to allow for an optimal spectrum dis-

play.

The following vertical settings are identical to Scope mode:
® "Coupling" on page 39

® "Probe Setting" on page 39

e "Offset" on page 40

The following settings are available in Spectrum mode only:
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5.2.6

Spectrum Mode (Option R&S RTH-K18)
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Unit of Magnitude

Defines the unit in which the power values are displayed.

Remote command:
SPECtrum: FREQuency:MAGNitude: SCALe on page 305

Reference Level
Defines the expected maximum input signal level.

Remote command:
SPECtrum: FREQuency:MAGNitude:REFerence [ :VALue] on page 309

Source
Selects the channel for which the captured data is analyzed. Spectrum analysis can
only be performed on one channel at a time.

The source can also be selected using the CH1/CH2 keys.

Remote command:
SPECtrum: SOURce on page 304

Vertical Scale
Defines the scaling of the input signal in Volt per division.

Vertical scale and vertical position affect the resolution of the waveform amplitude
directly. To get the full resolution, make sure that the waveforms cover most of the
screen's height.

Note: This value configures the input signal. The vertical scale of the y-axis of the
spectrum, which is indicated in the channel settings beneath the spectrum diagram,
must be configured using the RANGE and POS keys.

Marker (Peak Search) Settings

Access: "Marker" menu
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| State N O |

Number of Markers
3
Threshold
-40 dBm
Excursion
0dB

Distance

0 Hz
Trace Source
Clear /Yfrite v

Marker Yalue
Absolute v

You can configure which peaks the instrument will find within the spectrum results.
Peaks are indicated by markers in the power vs frequency display. The frequency and
power level measured at the peak is also indicated in the diagram.

Overlapping markers

If two detected peaks are very close to each other and the markers in the display over-
lap, the marker with the lower amplitude is indicated in a darker color and put slightly in
the background, while the one with the higher amplitude is displayed normally. Using
the remote commands, both values can be retrieved.

Remote commands for results:

SPECtrum:MARKer :RESult<m>:FREQuency[:VALue]? on page 316
SPECtrum:MARKer :RESult<m>:FREQuency:DELTa? on page 316
SPECtrum:MARKer:RESult<m>:LEVel [ :VALue] ? on page 317
SPECtrum:MARKer :RESult<m>:LEVel :DELTa? on page 317
SPECtrum:MARKer :RMARker : FREQuency? on page 317

SPECtrum:MARKer :RMARker : VALue? on page 318
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State
If enabled, a peak search is performed on the current spectrum results and the speci-
fied Number of Markers are displayed.

Remote command:
SPECtrum:MARKer [: STATe] on page 314

Number of Markers

Defines the maximum number of markers used to indicate peaks in the spectrum
results. With 3 active markers, the 3 peak values in the spectrum are indicated. Note
that if fewer peaks are detected than the specified maximum number of markers, fewer
markers are displayed.

Remote command:
SPECtrum:MARKer : COUNt on page 314
SPECtrum:MARKer :RCOunt? on page 316

Threshold
Defines an absolute level threshold as an additional condition for the peak search.
Only peaks that exceed the threshold are detected.

Remote command:
SPECtrum:MARKer:SETup:MLEVel on page 315

Peak excursion

Defines a relative threshold, the minimum level value by which the waveform must rise
or fall to be considered a peak. To avoid identifying noise peaks, enter a peak excur-
sion value that is higher than the noise levels.

The following figure shows a spectrum display:

2
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i l|||| || r
g il \“'“mm

[
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If "Peak excursion” is 30 dB, the peak 1 is found. If "Peak excursion" is 20 dB, also the
peak 2 and several others are found.

Remote command:
SPECtrum:MARKer: SETup:EXCursion on page 315

Distance
Defines a minimum distance between two frequencies that must be exceeded in order
to detect individual peaks.

Remote command:
SPECtrum:MARKer: SETup:DISTance on page 315

Trace Source
Selects the trace on which the markers are placed. Only active traces are available
(see "Trace mode (Clear/Write/ Max Hold/ Min Hold/Average )" on page 115).

Remote command:
SPECtrum:MARKer : SOURce on page 315

Marker Value
Determines whether the absolute measured results at each cursor position are dis-
played, or the delta between the cursors.

Remote command:

SPECtrum:MARKer :RESult<m>:FREQuency[:VALue] ? on page 316
SPECtrum:MARKer:RESult<m>:FREQuency:DELTa? on page 316
SPECtrum:MARKer:RESult<m>:LEVel [ :VALue] ? on page 317
SPECtrum:MARKer:RESult<m>:LEVel:DELTa? on page 317

5.2.7 Cursor Measurements on Spectrums

Track cursors are available for spectrum data to determine the power or power density
in a specific frequency range.

5.2.7.1 Cursor Measurement Results

For the spectrum diagram, special track cursors are available. If enabled, you can
place the two cursors at any position in the spectrum. As a result, the frequency and
measured power levels of the selected trace at the crossing point with the cursors are
displayed. Both the power and the power density for each cursor are indicated. Instead
of the absolute results for the second cursor, the delta between both cursors can be
provided.
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y1=-13.9 dBm /-29.4 pdBm/Hz | RBW: 500.0kHz Run 4| ¥ 1i

13:1553

Figure 5-3: Cursor display in Spectrum mode

1 = Cursor 1 frequency and level results

2 = Cursor 2 frequency and level results

3 = Trace used as source for cursor results
4 = Cursor 1

5 = Cursor 2

Remote commands for results:
SPECtrum:CURSor<m>:FREQuency [ :VALue] on page 313
SPECtrum:CURSor<m>:FREQuency:DELTa? on page 313
SPECtrum:CURSor<m>:LEVel [ :VALue] ? on page 313

SPECtrum:CURSor<m>:LEVel:DELTa? on page 313

5.2.7.2 Cursor Settings

Access: "Cursor" menu
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State

Trace Source

Clear/Write Clear/\Write

Cursor Yalue

L

w

v

flin Hold Track Scaling “_
| O |

Average

Coupling

Set to Screen

State
Enables or disables the spectrum cursor measurement.

Remote command:
SPECtrum:CURSor<m>:STATe on page 311

Trace Source
Selects the trace on which the cursors are placed. Only active traces are available (see
"Trace mode (Clear/Write/ Max Hold/ Min Hold/Average )" on page 115).

Remote command:
SPECtrum:CURSor<m>:SOURce on page 312

Cursor Value
Determines whether the absolute measured results at each cursor position are dis-
played, or the delta between the cursors.

Remote command:

SPECtrum: CURSor<m>:FREQuency [ :VALue] on page 313
SPECtrum:CURSor<m>:FREQuency:DELTa? on page 313
SPECtrum:CURSor<m>:LEVel [ :VALue] ? on page 313
SPECtrum:CURSor<m>:LEVel:DELTa? on page 313

Track Scaling
If enabled, the position of the cursor lines is adjusted if the vertical or horizontal scales
are changed. The cursor lines keep their relative position to the waveform.

If disabled, the cursor lines remain on their position on the display if the scaling is
changed.

Remote command:
SPECtrum:CURSor<m>:SCPLing on page 312

Coupling
Couples the cursor lines so that the distance between the two lines remains the same
if one cursor is moved.

Remote command:
SPECtrum:CURSor<m>:COUPling on page 312
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Set to Screen
Sets the cursors to a default position on the screen. This is helpful if the cursors have
disappeared from the display or need to be moved for a larger distance.

Remote command:
SPECtrum:CURSor<m>:SCReen on page 314

5.2.8 Spectrum File Functions

Access: FILE > "Spectrum"

| = Save

= Save As...

Spectrum Directory

hde-Schwarz/RTH/Export
Filename Base
Spectrum

Store with Freq. “—

The results of a spectrum measurement can be exported similarly to a waveform (see
also Chapter 11, "Documenting Results", on page 219). The OneTouch functionality is
also available (see Chapter 11.6, "Quick Save with OneTouch", on page 230).

For details on the export file format, see Chapter 5.2.9, "Spectrum Results Export File
Format", on page 124.

Save, Save As
Save the harmonic results. The functions are available if the instrument is in "Spec-

trum" mode.

"Save" Saves the file in the defined "Harmonic Directory" using the autonam-
ing pattern.

"Save As" Opens a file explorer where you can select the directory and enter the
filename.

Remote command:
SPECtrum:EXPort:SAVE on page 318

Harmonic Directory
Defines the directory where the harmonic results files are stored. If a USB flash drive is
connected, the instrument stores the data to this external device by default.

Remote command:
SPECtrum:EXPort :NAME on page 318

Filename Base
Defines the first part of the filename. The complete filename pattern is:
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<filename base> <date> <time>.csv.

Remote command:
SPECtrum:EXPort :NAME on page 318

Store with Freq.
Includes the frequency values in the stored results.

Remote command:
SPECtrum:EXPort:INCXvalues on page 318

5.2.9 Spectrum Results Export File Format

The spectrum results export file format is similar to a waveform export file; it is also
stored in CSV format. You can convert the comma-separated text to columns (see
Chapter 11.4.3.3, "Converting CSV to Excel Files", on page 229).

Table 5-3: Header data (converted to table)

Spectrum Results [Example data]
Model RTH1004
SerialNumber XXXXX
Firmware Version '1.50'
Center Frequency [Hz] 2.5e+008
Span [Hz] 5e+008
RBW [Hz] 2.5e+006
Window Hann
Number of Average [n] 64
Record Length [n] 6554
Start Frequency [Hz] 0
Frequency Resolution [Hz] 76293.9

Table 5-4: Spectrum (trace) data (converted to table data)

Frequency Clear/Write Max Min Average
[Hz] [VIIAT? [VIIAD? [VIIAT) [VIIAD?
0 0.000113039

76293.9 0.000226932

*) depends on probe setting
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Converting voltage or Ampere to power values

The spectrum results are provided as voltages or in Amperes (depending on the probe
setting). To convert the these results (U/l) to power values (P), use the following equa-
tions:

U
Py (U)=20-Ig(—
usy(U) (4

I
P, (1)=20-lg(—
A1) g(]A)

P U’ R
P U)=10-lg(——)=10-lg(—/ImW )=P. U)+30-10-lg(—
dBm( ) g(lmW) g( R mw') sy (U) g(]_())

P (1)—10-1(L)—10-1(12'R)—P (1)+30+10-1(i)
dBm g ImW 8 ImW dBA 8! 10

Where:

e R=500

* P=U*I=U2/R=I2*R

5.3

5.3.1

Harmonics Measurement (Option R&S RTH-K34)

With this measurement, you can easily measure the harmonics of an input signal. In
addition, the total harmonic distortion (THD) is calculated.

The harmonics measurement performs an FFT on the input signal and determines the
power levels measured at the specified fundamental frequency and at each harmonic.
Harmonics are frequencies that are a multiple of the fundamental frequency.

As a result, the magnitude, frequency and phase values for the selected harmonics are
shown, as well as the RMS power values and the total harmonic distortion (THD).

In general, every signal contains harmonics. Harmonics are generated by nonlinear
characteristics, which add frequencies to a pure sine wave. Harmonics are particularly
critical regarding high-power transmitters such as transceivers because large harmon-
ics can interfere with other radio services.

Harmonic distortion can be determined as the level of the individual components, or as
the root mean square of all components together, the total harmonic distortion (THD).
The THD is set in relation to the power of the fundamental frequency.

Accessing the Harmonic Mode

1. Press the MODE key.
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2. Select "Harmonic".

Harmonic

An FFT is performed on the input signal, and the power level at the fundamental
and all harmonic frequencies of the signal (that is: all multiples of the fundamental
frequency) are analyzed.

5.3.2 Harmonic Measurement Results and Display

As the result of a harmonic measurement, a bargraph is displayed, with one bar for
each of 64 possible harmonic frequencies. The amplitudes determined for each har-
monic are indicated by a colored bar. The results for each active input channel are dis-
played in a different color. The values are scaled in dB or percent, in relation to the
level at the fundamental frequency. If a limit is defined, either manually or predefined
by a standard, the limit is indicated by a blue horizontal line for each harmonic. If the
measured value exceeds the limit, the background is highlighted red. The darker col-
ored bar indicates the maximum value measured for the harmonic.

Magnitude Phase Frequency
323d8 2568mV  117° 1106 Hz

10 11 12 13 14 15 16 17 18 19 20 2

Figure 5-4: Harmonic results and display
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(1) Order Of NAMMONIC. ....cciieiieie et e e e e e e e e e e 127
(2) Power level of fundamental freqQUENCY........oocueiiiiiiiiiiiii e 127
(3+4) Power level of individual harmoniCs..........oocuiiiiiiiiiii e 127
(5+6) Limit line and check for individual harmonics.........c.ccccveeierieee e, 127
(7) POWET [EVEI SCAIC....ceeeiieiiee ittt e e e e e e e e e e e e e e e e e e e e nannns 128
(8) INPUL ChANNEL....eiiiiiiiiiee e e e e e sree e e e e nreeas 128
(9) Result type for NUMETIC FESUILS.........eiiiiiei ettt 128
(10) Operating StAtUS. ...c.coiiueeieie et e e e s ee e 128
(11) Error INAICATON. ..cei i e e e 128
Q22 T 2 7RSSR 129
(13) Total harmonic distortion (THD).......ccccuuiiiiiiieee e 129
(14) Selected harmMONIC. ......uuuiiiiiiie e e e e e e re e e e e e e e an 129
(15) Numeric results for selected harmonic............occveveiiiciiiee i 130

(1) Order of harmonic

Results are displayed for each of 64 possible harmonic frequencies. You can restrict
the number of harmonics to be analyzed (see "Display Harmonics, Max No Harmonics"
on page 133).

Remote command:
(determined by suffix <n> in remote command)

(2) Power level of fundamental frequency

The calculated power level at the fundamental frequency. The graphical level results
are indicated in relation to the power level of the fundamental frequency. Thus, this bar
is always at 100 % or O dB.

Remote command:
HARMonic:RESult<m>:HARMonics1:ABSMagnitude?

(3+4) Power level of individual harmonics

For each harmonic and each input channel, a colored bar indicates calculated power
level at the selected harmonic frequency, set in relation to the power level of the funda-
mental frequency. The color of the bar corresponds to the color of the input channel.

The brighter colored bar is the current value, while the darker colored bar is the maxi-
mum value in the current measurement.

Remote command:
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude[:CURRent]?

on page 325
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude:MAXimum? on page 325
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude:MINimum? on page 325
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude[:CURRent]?

on page 328

HARMonic:RESult<m>:HARMonics<n>:RELMagnitude:MAXimum? on page 328
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude:MINimum? on page 328

(5+6) Limit line and check for individual harmonics

If a limit is defined for the individual harmonic, it is indicated in the graphic (see "Limits,
Loaded File" on page 132). If the measured value exceeds the limit line, the back-
ground of the harmonic bar is highlighted red.
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Remote command:

HARMonic:RESult<m>:HARMonics<n>:LIMit? on page 326
HARMonic:RESult<m>:HARMonics<n>:LIMCheck? on page 325
HARMonic:RESult<m>:HARMonics<n>:LIMViolation? on page 326

(7) Power level scale
Indicates whether the bargraph results are displayed in percent or dB.

Remote command:
HARMonic:SCALe on page 322

(8) Input channel

Harmonics measurement is performed on the data captured from one of the active
input channels. The measurement can be performed on all channels simultaneously.
The bars and numeric results for each channel are displayed in the same color as the
channel indicator.

Remote command:
CHANnel<m>:STATe on page 252

(9) Result type for numeric results

Either the currently measured numeric values, or the minimum or maximum values can
be displayed. The selected result type is indicated above the diagram. The bargraph
always displays both the current and the maximum values.

In addition, an average over several measurements can be calculated (not indicated in
the diagram.)

Remote command:
HARMonic:STATistic on page 322

(10) Operating status
Indicates the status of the harmonic measurement ("Hold"/"Run").

(11) Error indicator

If an error occurs during the measurement, an indicator is displayed above the bar-
graph. These indicators remain visible thoughout the measurement, for all acquisitions.
In addition, the long form of the error is indicated, blinking, for the duration of the acqui-
sition in which an error occurs only.

The following errors may be indicated:

e "C" (Clipping)
The amplitudes determined for each frequency must be within the currently defined
amplitude range in order to be measured correctly. If the signal is not entirely within
the defined range, a "Clipping" message is displayed next to the channel indicator
in the numeric result area of the screen. The measurement is invalid and no results
are calculated.
To change the amplitude range, use the RANGE keys or the AUTOSET function.

® "F" (Frequency)
If the specified fundamental frequency £10 % is not detected in the signal, the
measurement is invalid.

e "L" (Limit)
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If a limit check is activated and the measured value exceeds the specified limit for
a harmonic, a limit violation has occurred. The background of the harmonic is high-
lighted red.

Remote command:
HARMonic:RESult<m>:CLIPping? on page 324
HARMonic:RESult<m>:FRQMissing? on page 324
HARMonic:RESult<m>:LIMViolation? on page 328

(12) RMS
The calculated root mean square (RMS) amplitude in the entire signal, that is: for all
harmonics and the fundamental frequency.

7 Nl
Urus = —‘zuz(k)
k=0

Remote command:
HARMonic:RESult<m>:RMS[:CURRent]? on page 329
HARMonic:RESult<m>:RMS:MINimum? on page 329
HARMonic:RESult<m>:RMS:MAXimum? on page 329

(13) Total harmonic distortion (THD)
THD (total harmonic distortion), that is: the root mean square (RMS) amplitude (voltage
or current) of the harmonics.

The value is provided either:
® Relative to the RMS amplitude at the fundamental frequency (first harmonic,
THDg):

] 64 5
THDp = ’ Z U RMS,i
URMS,I i=2

® Relative to the total power of the signal (THDg):
THD,.

\1+THD}

Remote command:
HARMonic:RESult<m>:THD[:CURRent]? on page 330
HARMonic:RESult<m>:THD:MINimum? on page 330
HARMonic:RESult<m>:THD:MAXimum? on page 330
HARMonic:THDType on page 323

THD, =

(14) Selected harmonic

Some results are provided for a single, selected harmonic. You select the harmonic by
tapping the number at the bottom of the bargraph. The selected harmonic is highligh-
ted.

Remote command:
(determined by suffix <n> in remote command)
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(15) Numeric results for selected harmonic
The following numeric results are displayed for the (14) Selected harmonic:
® Order of the harmonic
® Magnitude (relative to (2) Power level of fundamental frequency and absolute
value)
Phase (percent or dB, depending on Scale setting)
Frequency
Remote command:
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude[:CURRent]?
on page 325
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude:MINimum? on page 325
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude:MAXimum? on page 325
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude[:CURRent]?
on page 328
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude:MINimum? on page 328
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude:MAXimum? on page 328
HARMonic:RESult<m>:HARMonics<n>:PHASe? on page 327
HARMonic:RESult<m>:HARMonics<n>[:FREQuency]? on page 328

5.3.3 Performing a Harmonic Measurement

1. Select the "Harmonic" mode.

2. To adjust the instrument settings to the current input signal automatically, press
AUTOSET.

The AUTOSET function detects the fundamental frequency in the signal automati-
cally if it lies between 10 Hz and 1 kHz. If none of the predefined values (50 Hz,
60 Hz, 400 Hz) fit, a "User" value is set.

3. Alternatively to the AUTOSET function, define the "Fundamental Frequency" man-
ually. Select "User" and enter the frequency.

4. If a"Clipping" message is displayed next to the channel indicator in the numeric
result area of the screen, the signal is not entirely within the defined measurement
range. Use the AUTOSET key or the RANGE keys to correct the range.

5. To perform a limit check, do one of the following for the "Limits" setting:
e To check the limits specified by the standard, select "EN50160".

e To configure user-specified limits in a file, select "User" and open the . csv file.

6. To restrict the number of harmonics to be displayed in the bargraph, use the "Dis-
play Selection" setting.
Select a predefined selection, or define the number in the "Max No Harmonics"
field.

7. To display the results for a specific harmonic, select the number below the bar in
the graph.
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8. To calculate the average results over several measurements, select "Average" and
define the number of results to consider.

9. To clear the result data used for statistical evaluation and start a new measure-
ment, select "Clear Results".

To save the results to a file

1. Press the FILE key.

2. Select "Harmonics".

3. Check the "Harmonic Directory" and the "Filename Base". Adjust if necessary.
4. Select "Save".

For details on the format of the result file, see Chapter 5.3.6.2, "Harmonic Results

Export File Format", on page 135.

5.3.4 Harmonic Mode Settings

Access: "Harmonic" menu

(07 2 IS |V SO S 131
Yoz [T S 131
B0 | 1Y o= SRR 131
] €= (1] [T 132
ClEar RESUILS.....coveeeieee e ettt et e e e e e e e e e e e eeaa e e aeeeens 132
Fundamental Frequency, ValUe......... ... 132
[T g1 £ o Y=o =Y I 1 = 132
1] 0= o SRR 133
Display Harmonics, Max NO HarmoniCs.........uuuuiiiieeeiieiiccciiiiieeee e e e 133
7= = T [ PP 133

_ CH <N>
@ @ Selects the channel for which the captured data is analyzed in "Harmonic" mode. Har-

monic measurements can be performed on all channels simultaneously. The results
are indicated by different colored bars and numbers, corresponding to the channel but-
ton color.

Remote command:
CHANnel<m>:STATe on page 252

Scale

Switches the scale for the measured harmonic levels between logarithmic (dB) and lin-
ear (percent). The values are relative to the level measured for the fundamental fre-
quency.

Remote command:

HARMonic:SCALe on page 322

THD Type
Switches between different calculation methods for the total harmonic distortion.
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"THDg" The RMS amplitude (voltage or current) of the harmonics relative to
the RMS amplitude of the fundamental component
"THDR" The RMS amplitude of the harmonics relative to the RMS amplitude

of the input signal

Remote command:
HARMonic:THDType on page 323

Statistic

By default, the numeric results indicate the currently measured values. Optionally, you
can switch to the minimum or maximum values. Which value is calculated is indicated
in the result display (see "(9) Result type for numeric results" on page 128).

Note: The bargraph always displays both the current and the maximum values.

Remote command:
HARMonic:STATistic on page 322

Clear Results
Clears the results for previous acquisitions used in statistical evaluation (see "Statistic"
on page 132 and "Average" on page 133).

Remote command:
HARMonic:CLEar on page 319

Fundamental Frequency, Value
Defines the basis of the harmonics measurement. Harmonics are determined as multi-
ples of this frequency.

For a user-defined frequency, select "User" and enter the "Value".

If the specified frequency £10 % is not detected in the signal, the measurement is inva-
lid. An "F" is displayed as an error indicator.

Remote command:

HARMonic:FUNDamental : TYPE on page 320
HARMonic:FUNDamental : USER on page 321
HARMonic:RESult<m>:FRQMissing? on page 324

Limits, Loaded File

Defines for which harmonics a limit check is to be performed. If a limit check is activa-
ted and the specified limit is exceeded for a harmonic, the background of the harmonic
is highlighted red in the graphic. In addition, an "L" is displayed as an error indicator.
"Limit!" is indicated during the acquisition in which the violation occurs.

If the number of harmonics to be analyzed is restricted by a standard or a user-defined
file, only the results for those harmonics can be displayed or exported (see also "Dis-
play Harmonics, Max No Harmonics" on page 133).

"None" No limit check is performed. All 64 harmonics can be displayed and
exported.
"EN50160" Limits are checked according to the predefined values in the

EN50160 standard. Only specific harmonics are selected for analysis.
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"User" Limits are checked according to the values in a user-defined file. For
details on the required file format, see Chapter 5.3.6.1, "Limit File
Format", on page 134.

If a user-defined limit file is loaded for harmonics measurement, only
the results for the specified harmonics are calculated, displayed, and
exported. A limit check is performed only for those harmonics for
which a limit value is defined.

If "User" is selected, the "Loaded File" field indicates the currently loa-
ded file.

Select the file that contains the user-defined limits using the Open
function.

Remote command:
HARMonic:LIMits:TYPE on page 322

Open
Opens a user-defined file that contains the selection of harmonics and, optionally, the
limits for individual harmonics.

The "Loaded File" field indicates the currently loaded file.
Note that this setting is only available if Limits is set to "User".

Remote command:

HARMonic:LIMits:NAME on page 322
HARMonic:LIMits:LOAD on page 321
HARMonic:RESult<m>:NOHarmonics? on page 329
HARMonic:FUNDamental : CURRent? on page 320

Display Harmonics, Max No Harmonics

Determines the number of harmonics to be displayed in the bargraph. Up to 64 har-
monics can be displayed. By decreasing the number of harmonics, the bargraph
becomes easier to analyze.

Note that this setting only affects the graphical result display. It has no effect on the
measurement results or the selection of harmonics for which results are provided dur-
ing a file export (manually or via remote command). For that purpose, see Limits.

Harmonics that were previously eliminated by the Limits setting cannot be displayed.

To restrict the number of harmonics to display, select a predefined selection, or "User"
and enter the "Max No Harmonics". All harmonics of an order smaller than or equal to
the specified value (and selected for analysis) are displayed.

Remote command:

HARMonic:DISPlay:TYPE on page 319
HARMonic:DISPlay:USER on page 320
HARMonic:RESult<m>:NOHarmonics? on page 329

Average
Determines the number of acquisitions for which the results are averaged. By default,
no averaging is performed.

Note that invalid measurements (for example due to clipping or a missing fundamental
frequency) are not considered for averaging.
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Harmonics Measurement (Option R&S RTH-K34)

To clear the results for previous acquisitions used for averaging, select Clear Results.

Remote command:
HARMonic:AVERage on page 319

Harmonic File Functions

Access: FILE > "Harmonics"

The results of a harmonic measurement can be exported similarly to a waveform (see
also Chapter 11, "Documenting Results", on page 219). The OneTouch functionality is
also available (see Chapter 11.6, "Quick Save with OneTouch", on page 230).

For details on the export file format, see Chapter 5.3.6.2, "Harmonic Results Export
File Format", on page 135.

Save, Save As
Save the harmonic results. The functions are available if the instrument is in "Harmon-
ics" mode.

"Save" Saves the file in the defined "Harmonic Directory” using the autonam-
ing pattern.

"Save As" Opens a file explorer where you can select the directory and enter the
filename.

Remote command:
HARMonic:EXPort:SAVE on page 324

Harmonic Directory
Defines the directory where the harmonic results files are stored. If a USB flash drive is
connected, the instrument stores the data to this external device by default.

Remote command:
HARMonic:EXPort :NAME on page 323

Filename Base
Defines the first part of the filename. The complete filename pattern is:

<filename base> <date> <time>.csv.

Remote command:
HARMonic:EXPort:NAME on page 323

Reference: Harmonic Results and Limit File Formats

Limit File Format

The limit file defines which harmonics are of interest for analysis, and optionally, the
limits against which each harmonic is to be tested. If a user-defined limit file is loaded
for harmonics measurement, only the results for the specified harmonics are calcula-
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ted, displayed, and exported. A limit check is performed only for those harmonics for
which a limit value is defined.

Sample file

A sample limit file is provided on the instrument:
C:\Users\<user name>\Rohde-Schwarz\RTH\Harmonic\LimitExample.csv

The file format is a comma-separated list (.csv). At least the following contents must
be included:

Header:
<Device>Version,<file_version>
Harmonics,Limit[%]

Values:

<Order of harmonic>, <limit value in % of fundamental>

® Comments introduced by "#" are allowed.

® |f alimit is not provided for a harmonic, the harmonic is displayed and its results
are included in the export, but not in the limit check.

® The fundamental is always displayed and need not be included in the list.

5.3.6.2

Example:

RTH,Version, 1.0
Harmonics, Limit [%]
2,10.5

4,0.004

20,3.7

10

13,0.01

3,0.01

Harmonic Results Export File Format

The harmonic results export file format is similar to a waveform export file; it is also
stored in CSV format. You can convert the comma-separated text to columns (see
Chapter 11.4.3.3, "Converting CSV to Excel Files", on page 229).

The harmonics results file contains some general header data and then a set of result
data for each harmonic. A maximum of 64 results can be provided, but the actual num-
ber of harmonics may be restricted (see "Limits, Loaded File" on page 132). Each set
of data contains the results for a specific harmonic in each input channel.

Table 5-5: Header data (converted to table)

Harmonic Results [Description - not included in file]

Model RTH1004
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SerialNumber XXXXX
Firmware Version '1.50'
ID CH1 |CH2 |[CH3 |[CH4 Results for each channel

NbOfResults [n]

Number of results included in averaging and statis-
tics operations

RMS Unit Unit used for RMS results

RMS Current RMS of the signal power (

RMS Max Maximum RMS of the signal power

RMS Min Minimum RMS of the signal power

THDf/ THDr [%] Current THD in relation to the RMS amplitude of the
fundamental frequency (THDf) or the total power of
the signal (THDR)

THDf/ THDr Max Maximum THD

[%]

THDf/ THDr Min Minimum THD

[%]

Clipping [bool]

Clipping occurred during the measurement?

FrequencyMissing
[bool]

Fundamental frequency could not be measured?

LimitViolation [bool]

A limit was exceeded?

Table 5-6: Results for individual harmonics (converted to table data)

Ch1 Ch2..
Har- Limit Freq. Magn. | Magn. | Magn. Phase | Limit Limit Freq. Magn.
monic cur- max min viola- cur-
ID rent tion rent
[n] [%] [Hz] vl Vi Y] [deg] |[bool] || [Hz] vl Y]
1
2
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6 Multimeter Measurements

6.1

6.1.1

The 4-channel R&S RTH1004 has 4 software-based voltmeters, which can measure in
parallel. For each voltmeter you can select the source and measurement type. See
Voltmeter (R&S RTH1004).

The 2-channel R&S RTH1002 has a hardware-based digital multimeter with two sepa-
rate banana plug inputs for various multimeter measurements. Except for voltages, the
DMM can also measure resistance, capacitance, temperature and more. See Digital
Multimeter (R&S RTH1002).

Digital Multimeter (R&S RTH1002)

The hardware-based digital multimeter features various multimeter measurements.
Except for voltages, the DMM can also measure resistance, capacitance, temperature
and more.

The R&S RTH can run one DMM measurement at a time, the maximum resolution is
10000 counts and 4 digits.

In "Meter" mode, a separate self-alignment of the meter inputs is available, see Chap-
ter 12.3, "Selfalignment”, on page 234.

All remote commands for configuration and measuring are listed in Chapter 14.7, "Digi-
tal Multimeter (R&S RTH1002)", on page 330.

Accessing the Meter Mode

» There are several ways to start the multimeter mode:
e Press the DMM key.

DMM

e Press the MODE key, and select "Meter".

e To start relative measurements, press the DMM REL key.

The multimeter interface is displayed, and the measurement is started immediately.
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6.1.2 Display and Control

The multimeter display shows detailed results and setup icons.

1 2 3

Manual

Min Avg Max

0.0000 KV iz +0.5693 kv~ +1.2000 kV .. " éeas

0.0000 w=~

Restart

Relative

9 10 11

Figure 6-1: Display of the digital multimeter

1 = Measurement state. "Manual" or "Auto": running measurement with manual or automatic range. "Hold":
stopped measurement.

2 = Measurement range

3 = Test lead connection including polarity

4 = Minimum value and timestamp

5 = Average value

6 = Maximum value and timestamp

7 = Warning sign, shows up if the measured value is higher than 30 V

8 = Bargraph displaying the measured value

9 = Measurement type

10 = Activates or deactivates relative measurement

11 = Restarts the measurement and resets all values

In meter mode, the keys behave slightly different from scope mode:

® The AUTOSET key toggles the range mode: autoranging and manual range set-
ting.

® The vertical RANGE and POS keys adjust the measurement range.

® The MEAS key opens the "Meter" menu.

¢ The following keys work as usual: FILE, IEl, [21, PRESET, MODE, BACK.
® The CH keys switch back to the scope mode.

® All other keys do not work.

6.1.3 Running Multimeter Measurements

1. Connect the test leads to the meter inputs.
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Select the "Meter" mode.
Select the measurement type (no. 9 in Figure 6-1).

To set the range mode to autoranging or manual range setup, press AUTOSET.

o &> oD

If you are in manual range mode, adjust the measurement range: Press the
RANGE keys.

o

For current and temperature measurements, adjust the "Probe Setting".
7. For continuity measurement, adjust the "Resistance Threshold".

8. If you want to get relative result values:

a) Activate "Relative" (no. 10).
b) To set a user-defined reference value, open the "Meter" menu.
c) Activate "Reference", and enter the value in "Reference Manual”.

m 9. To stop the meter measurement, press the RUN STOP key.

The status "Hold" is displayed on the upper left. Stopping the measurement does
not delete statistical values. The measurement continues when you press RUN
STOP again.

6.1.4 Settings

Access: "Meter" menu

tieter Type
Continuity Test

Meter Type
v AC

heter Type
A AC

Resistance Threshold

Probe Setting
1V/A

Relative 10

Relative —E

Reference T

Reference Manual

Relative

Reference —E

Restart Test

Reference —m

Restart Test

ov

Restart Test

Figure 6-2: Digital multimeter settings

Meter Type
Sets the measurement type for the multimeter.
Meter icon "Meter Type" | Description
"V AC" AC voltage measurement
"V DC" DC voltage measurement
V< "V AC+DC" AC+DC voltage (RMS) measurement
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Meter icon "Meter Type" | Description
"A AC" AC current measurement
"A DC" DC current measurement
"A AC+DC" AC+DC current (RMS) measurement
"Resistance” Resistance measurement

"Continuity Test" | Continuity measurement

BEEEREEEA

"Diode Test" Diode measurement
"Capacitance" Capacity measurement

C "Temperature" Temperature measurement (an adapter is required)
"Frequency" Frequency measurement

Remote command:
METer<m>:SENSe: FUNCtion on page 353

Resistance Threshold
This setting is only relevant for continuity measurement. If the measured voltage drops
below the "Resistance Threshold", the instrument beeps.

Probe Setting
Sets the sensitivity factor of the current probe for current measurements.

Sets the adapter type for temperature measurements.

Relative

Activates or deactivates relative measurement. If you activate this function, the cur-
rently measured value is taken as reference value. Instead of the bargraph, the refer-
ence value and the measured value are displayed. You can also set a desired value as
reference value, see "Reference/Reference Manual" on page 141.

You can also activate or deactivate relative measurement by pressing DMM REL.

DMM
REL

e Actual

= 00000 kv +0.5693 KV~
V=

Ax 0
9 C

1 = Reference value
2 = Actual value relative to reference value
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Remote command:
Chapter 14.7.3, "Relative Measurements", on page 338...

Reference/Reference Manual
"Reference" activates or deactivates the setting of a manual reference value.

If active, enter the reference value in "Reference Manual".

Restart Test
Restarts the measurement.

RANGE / POS

In meter mode, the vertical RANGE and POS keys adjust the DMM measurement
range.

Remote command:

Chapter 14.7.2, "Measurement Configuration", on page 331

6.2 Voltmeter (R&S RTH1004)

The software-based voltmeter features AC, DC, AC+DC voltage measurements. Cur-
rent measurements are also possible if you use a shunt resistor or /U converter.

The R&S RTH can run four voltmeter measurement in parallel, the maximum resolution
is 999 counts and 3 digits.

All remote commands for configuration and measuring are listed in Chapter 14.8, "Volt-
meter (R&S RTH1004)", on page 346.

6.2.1 Accessing the Meter Mode

1. Press the MODE key.

MODE 1

2. Select "Meter".

The multimeter interface is displayed.
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6.2.2 Display and Control

The voltmeter display shows all 4 voltmeters at a glance, or only one voltmeter with
details and setup icons.

Manual 1:1

Min P A

4 Max
00 WE 00 mV = -|-0.'] mV=

00 mV%

;
V. Vo Vx Restart | Relative

100 mV 100 mV

Figure 6-3: One-voltmeter-view

= Measurement state. "Manual": running measurement. "Hold": stopped measurement.
= Probe settings

= Minimum value and timestamp

= Average value

= Maximum value and timestamp

= Warning sign, shows up if the measured value is higher than 30 V

= Bargraph displaying the measured value

= Measurement source (input channel). Selected source is highlighted.
9 = Measurement ranges of active channels

10 = Measurement type (AC, DC or AC+DC). Selected type is highlighted.
11 = Restarts the measurement and resets all values

12 = Activates or deactivates relative measurement

13 = On/Off-Switch to turn selected meter on or off

14 = Displayed voltmeter, indicated by highlighted number

O ~NO O WN =

The buttons at the bottom of the display offer the following quick settings:
® |nput Signal

® Measure Type

® Restart Test

® Relative
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Manual [E 11

Figure 6-4: Four-voltmeter-view

1 = Channel measured by the voltmeter
2 = Bargraph displaying the measured value
3 = Measurement ranges of active channels

In meter mode, the keys behave different from scope mode:

® The vertical RANGE and POS keys both adjust the measurement range of the
selected channel.

® The MEAS key opens the "Meter" menu.
® The following keys work as usual: FILE, IEl, [21, PRESET, MODE, BACK.
® All other keys do not work.

gb Displaying voltmeters

> To switch to one-voltmeter-view, use one of the following methods:

e Tap the meter number as shown in Figure 6-4.
e Turn the wheel to select a voltmeter, and press the wheel button to open it.

» To view all 4 voltmeters, use one of the following methods:

e Tap the highlighted number of the opened voltmeter as shown in Figure 6-3.
e Press BACK.

6.2.3 Running Voltmeter Measurements

1. Set up the channels for voltmeter measurements.

a) Select the "Vertical" menu.
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b) Adjust the "Probe Setting" for all measured channels.
See also "Probe Setting" on page 39.

Channel Index
C1 C2 (0] C4

Probe Setting
1:1 v

2. If the 4-voltmeter-view is shown, switch to the one-voltmeter-view.
See "Displaying voltmeters" on page 143.

3. Select the channel to be measured (no. 8 in Figure 6-3).

4. Select the measurement type (no. 10).
|I. 5. Activate the voltmeter (no. 13)

6. To adjust the measurement range manually, press the RANGE keys.
7

If you want to get relative result values:

a) Activate "Relative" (no. 12).
b) To set a user-defined reference value, open the "Meter" menu.
c) Activate "Reference", and enter the reference value in "Reference Manual".

m 8. To stop the meter measurement, press the RUN STOP key.

The status "Hold" is displayed on the upper left. Stopping the measurement does
not delete statistical values. The measurement continues when you press RUN
STOP again.

Alternatively, you can select the voltmeter and adjust the meter settings in the "Meter"
menu.

6.2.4 Voltmeter Settings

Access: "Meter" menu
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Select heter

1 2

Meter 1

Measure Type

AVEE W
Input Signal

o C2 (3

Relative n
Reference n

Reference Manual
5mV

Restart Test

Figure 6-5: Voltmeter settings

Select Meter
Selects one of the 4 voltmeters and displays its settings in the menu.

Meter <n>
Switches the selected meter on or off.

Remote command:
METer<m>:SENSe: STATe on page 347

Measure Type
Sets the measurement type for the selected meter.

Note: The AC coupling is activated if the selected channel is only used for AC mea-
surements. If the selected channel is also used for DC or AC+DC measurement, the
AC coupling is deactivated and the AC value is calculated out of the AC+DC and DC
values. The precision of the results is reduced.

Menu icon Meter icon | Description

AC voltage or current measurement

DC voltage or current measurement

0 HE

V AC+DC voltage or current (RMS) measurement
~

Note: An external shunt resistor or I/U converter is needed for current measurement.

Remote command:
METer<m>:SENSe: FUNCtion on page 353
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Input Signal
Selects the channel which is measured by the selected meter.

Remote command:
METer<m>:SENSe: SOURce on page 347

Relative

Activates or deactivates relative measurement. If you activate this function, the cur-
rently measured value is taken as reference value. Instead of the bargraph, the refer-
ence value and the measured value are displayed (see Figure 6-6). You can also set a
desired value as reference value, see "Reference/Reference Manual" on page 146.

1 2

Reference (man.)

+0.1mV

r—

V. Vo V< restat [Rebiive’ Y

Figure 6-6: Relative measurement

1 = Reference value
2 = Measured value relative to reference value

Remote command:
Chapter 14.8.3, "Relative Measurements", on page 351

Reference/Reference Manual
"Reference" activates or deactivates the manual reference value.

If active, enter the reference value in "Reference Manual".

Restart Test
Restarts the measurement and also restarts statistical calculation.

RANGE / POS
In meter mode, the vertical RANGE and POS keys adjust the measurement range of
the selected channel.

Remote command:
Chapter 14.8.2, "Measurement Configuration", on page 347

HE
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7 Data Logging

The data logger records scope or meter data captured of up to 4 different measure-
ments. The logging can last up to 23 days. The records are displayed as an on-screen-
chart and can be stored in 10 different slots. Using the "Zoom" and "Cursor" functions,
logged data can be analyzed.

7.1 Accessing the Logger Mode

1. Press the MODE key.

MODE 1

2. Select "Logger".

Nl

The logger interface is displayed.
If a scope measurement or meter measurement is running, the logging is started
automatically when you enter the logger mode.

7.2 Logger Display

If you log data of scope measurements, you can log all active measurements at once.
The logger display shows all logs with latest results at a glance, or one log with latest
and statistical results.
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AC=  3643mV AC= 3741mV a4yl >sloti| Run 47 TR0
] AC= 343mv 4 - AC= 5337mV "
4001 mv

U NN [T LSt 1 P

[ . r! nn . J ! ;‘ |—LII . I 1 urm [ 1 1r1 J_LLG

a

T 201510-09-13:23:22,8 | Started 201510-09 - 13:23:09,7 Total Time 0d 00:01:02,4
8 7 6 2

Figure 7-1: Logger display, view of all logged scope measurements

1 = Logger channel, each logger channel records one measurement

2 = Latest values of the logged measurements (depends on logging type and measurement type)

3 = Time basis

4 = In run mode (recording): -»Slot <x> is the selected slot. In stop mode: Slot <x> is the active slot where
data has been stored to or loaded from

5 = Recording time

6 = Start time

7 = Upper and lower scaling value of each measurement

8 = Time stamp of the left side of the display

Displaying logged measurements

gb 1. To switch to one-log-view, use one of the following methods:
e Tap on one of the logged measurements as shown in Figure 7-1.
e Press the assigned CH key.
2. Toview all logs, use one of the following methods:
e Tap the highlighted number of the open logger channel.

e Press the CH key of the open logger channel.

7.3 Logging Data

You can log up to four different scope measurements or meter measurements simulta-
neously.

Before you start the logging, set up and activate the measurements that you want to
log. See:

® Chapter 3.2, "Automatic Measurements", on page 75

® Chapter 6, "Multimeter Measurements", on page 137
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7.4

Access the logger mode, see Chapter 7.1, "Accessing the Logger Mode",
on page 147.

Select the "Logger" menu.

If data logging is running, press RUN/STOP to stop the logging. The logged data is
stored automatically. You can adjust the logger settings only if logging is stopped.

Select the source that you want to log.
Select the sample rate.

Select the horizontal scale.

By default, the horizontal scale is set to "auto". In this case, all logged data are
always displayed, and the scaling is adjusted automatically when the amount of
data increases..

Select the slot, where the logged data will be stored.

To start logging, press the RUN STOP key.

When you stop logging, the logged data is stored automatically in the selected slot.
Each slot stores the data of a single logging period. If you use the slot a second
time, the stored data is overwritten.

Logger Settings

Access: "Logger" menu

Source
Meter
Sample Rate
1 Sample/s

Horizontal Scale

2 s/div

Slot

Slot 1 v

2015-10-09 - 13:33

Load Slot

Clear Slot

Clear All Slots

HE
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Source
Selects the logger source: "Scope" or "Meter".

Changing the source is only possible in stop mode.

Remote command:
LOGGer : SOURce on page 365

Sample Rate
Selects the number of log samples per second.

Changing the sample rate is only possible in stop mode.

Remote command:
LOGGer : TIMebase: SRATe on page 365

Horizontal Scale
Selects the horizontal scale of the logged data.

The horizontal scale is set to "auto" by default. In this case, all logged data is always
displayed.

Remote command:
LOGGer : TIMebase : SCALe on page 366

Slot
Selects one of the 10 memory slots for storing the logged data. Data is stored automat-
ically to the selected slot if you stop the acquisition or press PRESET.

If data is stored in a slot, the start time of the stored data is displayed in the menu. You
can change the slot during recording.

Remote command:
LOGGer : SLOT : CURRent on page 366

Load Slot
Loads the stored log data of the selected slot.

Only possible while logging is stopped.

Remote command:
LOGGer : SLOT : LOAD on page 366

Clear Slot
Deletes the log data of the selected slot.

Only possible while logging is stopped.

Remote command:
LOGGer : SLOT:CLEar on page 366

Clear All Slots
Deletes the log data of all slots.

Only possible while logging is stopped.

Remote command:
LOGGer : ACLR on page 367
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7.5 Analyzing Logged Data

You can analyze logged data using the "Cursor" and the "Zoom". To analyze logged
data at a later time, the data is stored automatically, and you can load the stored data
to the display.

7.5.1 Cursor

To analyze logged data, you can use cursor measurements, see also Chapter 3.3,
"Cursor Measurements", on page 81.

1 2
|

31.52mV =2 yl= 1336A 25/ | -+ Slot1 Run
2.610mV = 7455 mA

TmA

T

|

|
Y=

|

|

i

|

|

1
*

|

I

|

I
b3

1

|

I

|

|

|

T 201510-09-13:34:02,8  t1= 201510:09-13:34:18,8  t2= 201510409-13:34:11,8 At = 0d 00:00:07,0

6 5 % 3

Figure 7-2: Logger display with cursors

1 = Values of the crossings between the selected cursor line and the waveform
2 = Cursor lines

3 = Absolute value of the time difference between the cursor lines At = |t1-t2]

4 = Position of the cursor line 2

5 = Position of the cursor line 1

6 = Time stamp of the logged signal on the left side of the display

To select one of the two cursor lines, tap a cursor line, or use the wheel to navigate
and select. The selected line is highlighted by a bold line.
Remote commands for cursor results:
® T0GGer:CURSor<m>:RESult<n>[:AMPLitude]? on page 368
® T1,0GGer:CURSor:RESult<n>:DELTa? on page 368
® 10GGer:CURSor<m>:POSition? on page 369
® T10GGer:CURSor:TDELta? on page 369
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The logger cursor only allows you to set a "Cursor Value". You cannot define the cur-
sor "Type" and "Source" as you can in the "Scope" and "Mask" mode because these
settings are not relevant for logging.

El Description of settings

Access: "Cursor" menu

Enabled n
Cursor Value
Average v

Track scaling n
Coupling m

Set to screen

Figure 7-3: Cursor settings

Enable
Enables or disables the cursor measurement.

Remote command:
LOGGer : CURSor: STATe on page 367

Cursor Value

Sets the measured crossing point between the cursor lines and the waveform, see Fig-
ure 7-4. These settings only apply if data logging is running for more than 2 days and 7
hours. After this time, the logger compresses 4 logging values into a "Minimum", "Aver-
age" and "Maximum" value.
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%]

9T 405/  >Slot9  Run |4 Donon

1355V %= 91.73uv o= 16.7

a 10sf

24 uv
T 201510-22-09:38:01,1  t1 = 201510-22- 0% t2= 2015-10-22 -09:3%:54,7 &t = 0d 00:00:58,1 \/

Figure 7-4: Logger cursor with summarized data

1 = Maximum value of cursor line 1
2 = Maximum value of cursor line 2

Remote command:
LOGGer : CURSor : TYPE on page 367

Track scaling
If enabled, the position of the cursor lines is adjusted if the scale is changed. The cur-
sor lines keep their relative position to the waveform.

If disabled, the cursor lines remain on their position on the display if the scaling is
changed.

Remote command:
LOGGer : CURSor: SCPLing on page 367

Coupling
Couples the cursor lines so that the distance between the two lines remains the same
if one cursor is moved.

Remote command:
LOGGer : CURSor: COUPling on page 368

Set to screen
Sets the cursors to a default position on the screen. This is helpful if the cursors have
disappeared from the display or need to be moved for a larger distance.

Remote command:
LOGGer :CURSor : SCReen on page 368

7.5.2 Zoom

To analyze logged data, you can use the "Zoom" function, see also Chapter 3.1,
"Zoom", on page 73.

User Manual 1326.1578.02 — 08 153



R&S®Scope Rider RTH Data Logging

The zoom is only available if enough data have been logged.

The zoom settings in logger mode are the same as in scope mode, but the time range
is much longer.

If data logging is running for more than 2 days and 7 hours, the logger compresses 4
logging values into a minimum, average and maximum value, see Figure 7-5.

yi= 947.8 mV e 9628mV 44/ Slot 3
yl= 1.047V yl= 950.0 mV/
o 1

Figure 7-5: Logger zoom with summarized data

1 = Maximum values
2 = Average values
3 = Minimum values

E' Description of settings

Access: "Zoom" menu

Enabled n-

Horizontal Scale
1 s/div

Position Time
13: 33: 46

Position Date
2015/ 10/

Figure 7-6: Zoom settings

Enable
Turns the zoom on or off.

Remote command:
LOGGer : ZOOM: ENABle on page 369
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Analyzing Logged Data

Horizontal Scale

Sets the horizontal scale of the horizontal axis for all logged signals, in seconds per
division.

Remote command:

LOGGer : ZOOM: SCALe on page 369

Position, Position Date
Sets the position of the zoomed area in relation to the left side of the display.

Remote command:
LOGGer:Zoom: POSition? on page 370

Logger Statistics

. . Max =
AC 379.7 mV

Min =

Figure 7-7: Logger statistics

1 = Measurement results; display depends on the logger mode and the selected measurement
2 = Mean value statistic
3 = Standard deviation statistic

Statistics are only shown if a single log is displayed.

7.5.4

Remote commands for logger statistics:

® [0GGer:RECording:STARt? on page 370

® 10GGer:RECording:TOTal? on page 370

® 10GGer:MEASurement<m>:RESult:CURRentsampl? on page 371

® 10GGer:MEASurement<m>:RESult:MAXimum:POSition? on page 371
® 10GGer:MEASurement<m>:RESult:MAXimum:VALue? on page 371

® 10GGer:MEASurement<m>:RESult:MINimum:POSition? on page 371
® 10GGer:MEASurement<m>:RESult:MINimum:VALue? on page 372

® 10GGer:MEASurement<m>:RESult:MEAN? on page 372

® 10GGer:MEASurement<m>:RESult:STDDev? on page 372

® 10GGer:MEASurement<m>:ENABled? on page 372

® 10GGer:MEASurement<m>:TYPE? on page 373

® 1,0GGer:MEASurement<m>:SOURce? on page 373

Loading Logged Data

Logged data can be loaded from the slot, in which they were stored.



7.5.5

7.6

Logger Records

1. Access the logger mode, see Chapter 7.1, "Accessing the Logger Mode",
on page 147.

Select the "Logger" menu.
If a data logging is running, press RUN STOP to stop logging.
Select the slot with the logs that you want to display.

o >~ DN

Tap "Load Slot" to display the stored logs.

Deleting Logged Data
Logs stored on the slots can be deleted individually or all together.

To delete logs of a single slot:
1. Select the slot with the logs which you want to delete.

2. Tap "Clear Slot".

To delete logs on all slots:

» Tap "Clear All Slots".

Logger Records

Export means to save a logger record (slot) to a CSV or MAT file for further analysis.
Export is only possible if the instrument is in "Logger" mode. The instrument always
saves the data of the last saved slot, you cannot select the slot to be stored.

You can also save the data of the measured waveforms when you are in logger mode.
The waveform data has no time correlation to the logger data. For details of waveform
export, see Chapter 11.4, "Waveforms", on page 224.

1. If data logging is running, press RUN/STOP to stop the logging. The logged data is
saved automatically to the slot.

Press the FILE key.

Tap "Logger Records".

Tap "Export As".

o &~ wDn

Select the "File Type", enter the "File Name", and change the folder if necessary.
If a USB flash drive is attached, the file is stored there. Otherwise, the file is stored
in the Export folder on the microSD card.

6. Tap "Save".

The data of the last used slot is saved.
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Remote commands:
® [0GGer:SLOT:EXPort:NAME on page 374
® 10GGer:SLOT:EXPort:SAVE on page 374

7.6.1 Logger Records in MATLAB

To analyze logger records in MATLAB, save the logger data in a MAT file. When you
load tha file in MATLAB, you see the following structure:

Editor - si_pulse.m Pd

Wariables - logger

1x1 struct with 5 fields

E I logger %l logger.measurement 5%1 logger.measurement(l).values 5%1

Value

'08-Jun-2016 01:11:28 400"
'08-Jun-2016 01:17:31.100"
10

1

1ed struct

The "logger" structure contains a substructure "measurement":

logger.measurement
Fields type L[5 values  HH unit Htotal min value [:d total min value time [Htotal max value [:d total max value time [Htotal svg value [ standard deviation
1 [Power Factor(C1,C2)' |3610:d single ol 0/'08-Jun-2016 01:15:47.500" 0'08-Jun-2016 01:15:47.900" 00394 00046/
2 N i i 0/'08-Jun-2016 01:11:28.400" 0/'08-Jun-2016 01:11:28 400" 0 0
el N i i 0/'08-Jun-2016 01:11:28.400" 0/'08-Jun-2016 01:11:28 400" 0 0
4 N i i 0/'08-Jun-2016 01:11:28.400" 0/'08-Jun-2016 01:11:28 400" 0 0

The "measurement” structure contains the values:
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J logger Eﬁl logger.measurement H“ Iﬂ-gger.measurementﬂj.uralues| H

logger.measurement(l).values

1 2 3 4 5 i
1
2 Mah
3 Mah
4 Mal
5 0.0397
b 0.0397
7 0.0397
8 0.0397
9 0.03%6
10 0.0396
11 0.0398
12 0.0396
13 0.0398
14 0.0398
15 0.0398
16 0.0398
17 0.0398
18 0.0398
19 0.0398

Required attributes are described in Chapter 7.6.3, "Attributes in Exported Logger
Records", on page 159.

Except for MATLAB, the open source software "Octave" can also read the exported
MAT files. "Octave" seeks for compatibility of commands with MATLAB.

7.6.2 Logger Records in CSV Files

Logger data is saved in two CSV files. One file contains the data values and is indica-
ted by *Wfm.* in the file name. The second file contains the header data, which is
required for data analysis.

Example:

logger.wfm.csv

logger.csv

logger.wfm.csv contains the recorded data values. 1ogger.csv contains the
header data, the attributes that are required to interprete the data values.

The header file lists the attribute names and values, one attribute per row.
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RecordedSource:Scope:

ActivelLoggerChannels:1:

The header file lists many attributes but you need only some of them. In the following
figure, required attributes are marked, and most of surplus attributes are hidden. Some
attributes are given for each logger channel (measurement type, unit, statistical data).
The attributes of a logger channel start with ArrayItem: Index.

LoggerAttributes:
RecordedSource: Scope:
ActiveLoggerChannels: 1 |
YerticalRange: Mediurm:
YerticalMotation: Auto:

SampleRate:1 Sample/s: |
SampleRateAsNum:1:
SamplesPervalue:

9 |StantTime:2016,03,08,15 58,010
10 |StartTirmeAsMum: 1473343051000
11 |StopTime:2016,09,08,15,58 42 0:
32 LoggerChannel:

33 |Activelndesx:0:

34 | Arrayltern:index:0

35 |Enabled:On:

41 | TimeOfin:2016,09 08,15 58 12 0:
42 [Minirmum:0.055108962178:

44 TimeOfMax2016,09,05,15 58 04,0:
45 [Maximurm:0.099266834557

46 | Awerage:0 093667144775

47 | StdDeviation:0.000287987 496:

64 [MeasUnitAsStry:

63 |MeasTypeisStriAmplitude(C1):
80 | Arrayltern:inde:

81 |Enabled: Off:

0~ 0 Mo k)=

Logger channel 1

Logger
channel 2

g2

Required attributes are described in Chapter 7.6.3, "Attributes in Exported Logger
Records", on page 159.

7.6.3 Attributes in Exported Logger Records

The following attributes are required to interprete the exported data values.

MATLAB Ccsv Description
ActiveLoggerChan- | Number of logger channels that recorded
nels data
start_time StartTime Absolute start time of the logger record
stop_time StopTime Absolute end time of the logger record
sampling_rate_in_Hz SampleRate or Number of log samples per second
SampleRateAsNum
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MATLAB

csv

Description

samples_per_value

SamplesPerValue

Compression factor. If data logging is run-
ning for more than 2 days and 7 hours,
the logger compresses subsequent log-
ging values into a "Minimum", "Average"
and "Maximum" value. SamplesPerValue
= 4 means that four values are summar-
ized.

measurement(m)

Arrayltem:Index

Logger channel (1, 2, 3, or 4)
In CSV: Logger channel = Index + 1

Enabled Status of the logger channel: on or off
measurement(m).type MeasTypeAsStr Type of the logged measurement
measurement(m).unit MeasUnitAsStr Unit of the logged measurement
measurement(m).total_min_value Minimum Lowest value of the logged data
measurement(m).total_min_value_time | TimeOfMin Time when the minimum was measured
measurement(m).total_max_value Maximum Highest value of the logged data
measurement(m).total_max_value_time | TimeOfMax Time when the maximum was measured
measurement(m).total_avg_value Average Average value of the logged data
measurement(m).standard_deviation StdDeviation Standard deviation of the logged data
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8 Protocol Analysis

Using the R&S RTH and additional options, you can analyze the following serial proto-
cols:

® Serial Peripheral Interface (SPI) - requires option R&S RTH-K1

® Inter-Integrated circuit bus (I>C) - requires option R&S RTH-K1

® UART /RS-232/ RS-422 /| RS-485 interfaces - require option R&S RTH-K2
® Controller Area Network (CAN) - requires option R&S RTH-K3

® Local Interconnect Network (LIN) - requires option R&S RTH-K3

The analysis of serial data consists of three main steps:

® Protocol configuration:
Select the protocol type, and configure the input line as well as the protocol-spe-
cific settings.

® Decoding:
Select the display format of the decoded data. The digitized signal data is dis-
played on the screen together with the decoded content of the messages in combs.
You can scale the signal display and zoom into it to see it in more detail.
You can also list the decoded results in tabular form in the "Protocol" mode.

® Triggering:
You can trigger on various events that are typical for the configured bus type, for
example, on start and stop of messages, or on data patterns.

Analysis is performed on analog input channels. The instrument uses the threshold to
convert the analog signal into a logic signal. If MSO option R&S RTH-B1 is installed,
you can also analyze logic channels.

o Basics of ProtoCol ANAlYSiS.......couiiiiieeiieee e 161
o 12C (Option R&S RTH-KT). ..ottt e e 167
o  SPI (Option R&S RTH-KT)..oi it 175
o UART/RS-232/RS-422/RS-485 (Option R&S RTH-K2)......ccccoeiiiiiiiiieiieeeen, 181
o CAN (Option R&S RTH-K3)...cceiiiiiiiiiiiiiie et 187
o LIN (Option R&S RTH-K3)....c.ciceieiriieiiie e 196

8.1 Basics of Protocol Analysis

8.1.1 General Protocol Settings

Access: "Bus" menu



R&S®Scope Rider RTH Protocol Analysis
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Bus Protocol Bus Protocol
I’C

< Config < Config

Trigger Trigger

Display Format Display Format
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% Load Label List

«| Show Label List (6)

Remove Label List

Figure 8-1: Bus menu. Left: for protocols without address (SPI, UART). Right: for protocols with
address or identifier (I°C, CAN, LIN)

For all serial protocols, the following settings are required:

State
Enables the decoding and the display of the serial bus data.

Remote command:
BUS[:STATe] on page 375

Bus Protocol
Defines protocol type of the bus for configuration and trigger settings.

Remote command:
BUS:TYPE on page 374

Display Format
Sets the decoding format of the data: binary, hexadecimal, decimal, octal, or ASCII.

Remote command:
BUS:FORMat on page 375

Display Labels
Activates the last loaded label list ans shows the label in the decoding results (comb
display and protocol table).
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8.1.2

Symbolic Decode — Display Labels
Only available for CAN protocols if DBC file is loaded.

If disabled, only the message names are shown in the comb display of the decoded
data. If enabled, the signal labels are shown in addition.

Load Label List
Selects and loads a label list file.

Label lists are protocol-specific. Their contents are described in the corresponding pro-
tocol chapters:

® Chapter 8.2.4, "I°C Label List", on page 172

® (Chapter 8.5.3, "CAN Label List", on page 192

® Chapter 8.6.4, "LIN Label List", on page 201

Show Label List
Shows the content of the label list file in a window.

Remove Label List
Disables the loaded label list.

Decode Results

When the configuration of the serial bus is complete, the instrument can decode the
signal. The decode results are displayed in two ways:

® Bus signal with combs, time-correlated to the input signals. The combs show the
values of the frames or words.

® Decode results table. The table provides data values and time information of the
frames or words.
To decode the serial bus

1. In the "Bus" menu, enable "State".

The bus signal with combs is shown. The colors of the combs are protocol-specific
and described in the "Decode Results" chapters of the protocol description.

Data: 01234A8Ch __ |[Q] 1BCh

Figure 8-2: Comb display of a decoded CAN signal

2. To show the decode results in a table, do the following:

a) Press the MODE key.
b) Select the "Protocol" mode.

The result table is shown. The contents is protocol-specific and described in the
"Decode Results" chapters of the protocol description.

User Manual 1326.1578.02 — 08 163



8.1.3

8.1.3.1

Basics of Protocol Analysis

To adjust the scaling of the decoded bus signal in scope mode

1. The horizontal size of the combs is defined by the horizontal time scale, which is
the same for input signals and the bus signal. Press the TIME keys to change the
time scale.

2. The vertical size is specific for the bus signal.

a) Tap the bus signal to set the focus to it.
b) Press the RANGE keys.

Protocol mode

In "Protocol" mode, you see the results table and the small signals below. Each table
row contains the information of one frame.

All menus that are relevant for protocol analysis are available, in particular, the "Bus"
and "Trigger" menus. Thus, you can adjust the settings without changing the mode.

Sometimes the row is too short to show the all frame information. To show the com-
plete information, tap the row. A window with values and time data of the selected row
opens.

Label Lists

For all protocols using ID or address identification, it is possible to create label lists
containing addresses or IDs, a symbolic name for each node (symbolic label), and
some protocol-specific information.

You can load label lists, and activate its usage for decoding. As a result, an additional
"Label" column appears in the "Decode results" table, containing the symbolic label.
The frame captions of the decoded signal show the symbolic label instead of the ID or
address values so it is easy to identify the messages of the different bus nodes.

You can also also use the label list to trigger on an identifier or address. Instead of
entering the value, you select the identifier on the label list.

Available file formats are PTT, CSV, and DBC (CAN only).

Label lists are protocol-specific. Their contents are described in the corresponding pro-
tocol chapters:

® Chapter 8.2.4, "I>C Label List", on page 172
® Chapter 8.5.3, "CAN Label List", on page 192
® Chapter 8.6.4, "LIN Label List", on page 201

Using Label Lists

To load a label list and display the labels:
1. Save the label list file on a USB flash drive, or on the microSD card.

2. Press and hold the BUS key until the menu opens.
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Configure the protocol.

In the "Bus" menu, tap "Load Label List".

3
4
5. Navigate to the label list file, select it, and tap "Select".
6. To read the label list, tap "Show Label List".

7

To use the labels in the display of the decoded data, tap "Display Labels".

To trigger on an identifier or address using the label:

Prerequisites: The bus is configured, decoding is enabled, and a decoded signal is visi-
ble.

1. Open the "Trigger" menu.
2. Set the following trigger settings:

"Trigger Mode" = "Normal"

"Trigger Type" = "Bus"

"<Protocol> Trigger" = "ldentifier", or "Identifier + Data", or "Address", or
"Address and Data".

3. Tap "ldentifier from Label" or "Address from Label".

4. Select the label. Tap "Back".

If the selected identifier or address is available in the acquired data, its value is
shown in the menu, and the instrument triggers on it.

8.1.3.2 Content and Format of the PTT File

Label lists are stored as PTT (protocol translation table) files. The PTT file format is an
extension of the CSV format (comma-separated values). You can edit it with standard
editors, for example, with MS Excel or a text editor.

The PTT file has three types of lines:

® Comment lines begin with a hash character #. A hash character at any other posi-
tion in the line is treated like a standard character.

® Command lines begin with a commercial at character @. An @ character at any
other position in the line is treated like a standard character.

e Standard lines are the lines that not qualify as comment or command lines. They
build the core of the label list.

Command lines

Command lines define the version of the PTT file and the protocol name:
® @FILE_VERSION: must appear exactly once in the file

® @PROTOCOL_NAME: must appear at least once in the file. Thus, one file can
contain several label lists for different protocols.

# --- Start of PTT file
@FILE VERSION = 1.0
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@PROTOCOL NAME = i2c
[... Label list for I2C]
@PROTOCOL_NAME = can
[... Label list for CAN]
# —--— End of PTT file

Standard lines

Standard lines define the contents of the label list. The rules for standard lines follow
the csv convention, they are:

® Values are separated by commas

® Space characters following a delimiter are ignored

® Values with a special character (comma, newline, or double quote) must be
enclosed in double quotes

® Textin double quotes must be escaped by double quote characters

The format of the numeric value is indicated by a suffix. The following formats are sup-

ported:
Format Suffix Example
Decimal <empty> 106, DeviceName

d 106d, DeviceName
Hexadecimal h 6Ah, DeviceName

or prefix: 0x6A, DeviceName

QOctal o) 1520, DeviceName
Binary b 01101010b, DeviceName

The maximum supported word size for (unsigned) integers is 64 bits.

# --- Start of PTT file
@FILE_VERSION 1.0
@PROTOCOL_NAME = i2c

# Following two lines are equal:

7,01h, Temperature

7,01lh, Temperature

# A comma must be enclosed in double quotes:
7,01h, "Temperature, Pressure, and Volume"

# A double quote must also be enclosed in double quotes:
7,7Fh, "Highspeed ""Master"" 01"

# Following lines yield the same result:
7d,0x11, Pressure

7h,11h, Pressure

0x7,17d, Pressure

7,17,Pressure
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8.2 12C (Option R&S RTH-K1)

8.2.1 The I’C Protocol

This chapter provides an overview of protocol characteristics, data format, address
types and trigger possibilities. For detailed information, read the "I2C-bus specification
and user manual" available on the NXP manuals web page at http://www.nxp.com/.

I2C characteristics

Main characteristics of I12C are:
® Two-wire design: serial clock (SCL) and serial data (SDA) lines

® Master-slave communication: the master generates the clock and addresses the
slaves. Slaves receive the address and the clock. Both master and slaves can
transmit and receive data.

® Addressing scheme: each slave device is addressable by a unique address. Multi-
ple slave devices can be linked together and can be addressed by the same mas-
ter.

® Read/write bit: specifies if the master will read (=1) or write (=0) the data.
® Acknowledge: takes place after every byte. The receiver of the address or data
sends the acknowledge bit to the transmitter.

The R&S RTH supports all operating speed modes: high-speed, fast mode plus, fast
mode, and standard mode.

Data transfer

The format of a simple I?°C message (frame) with 7 bit addressing consists of the fol-
lowing parts:

e Start condition: a falling slope on SDA while SCL is high

® 7-bit address of the slave device that either will be written to or read from

® R/W bit: specifies if the data will be written to or read from the slave

® ACKnowledge bits: is issued by the receiver of the previous byte if the transfer was
successful
Exception: At read access, the master terminates the data transmission with a
NACK bit after the last byte.

e Data: a number of data bytes with an ACK bit after every byte

® Stop condition: a rising slope on SDA while SCL is high


http://www.nxp.com/
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Frame

Figure 8-3: 12C write access with 7-bit address

Address types: 7-bit and 10-bit

Slave addresses can be 7 or 10 bits long. A 7-bit address requires one byte, 7 bits for
the address followed by the R/W bit.

A 10-bit address for write access requires two bytes: the first byte starts with the
reserved sequence 11110, followed by the two MSB of the address and the write bit.
The second byte contains the remaining 8 LSB of the address. The slave acknowl-
edges each address byte.

SLAVE ADDRESS Rl At SLAVE ADDRESS
1st 7 BITS 2nd BYTE

1T1110X X 0
reserved MSB write

S AZ |DATA| A

Figure 8-4: 10-bit address, write access

A 10-bit address for read access requires three bytes. The first two bytes are identical
to the write access address. The third byte repeats the address bits of the first byte and
sets the read bit.

SLAVE ADDRESS SLAVE ADDRESS SLAVE ADDRESS T
i st 7BITSs |V AT ona ByTE | A28 qst7RiTs  |W|AS|DATAL A

11110XX 0 repeated 11110 X X 1

reserved MSEB write LSB Start reserved MSB read

Figure 8-5: 10-bit address, read access

Trigger

The R&S RTH can trigger on various parts of I2C messages. The data and clock lines
must be connected to the input channels, triggering on math and reference waveforms
is not possible.

You can trigger on:

® Start or stop condition

® Repeated start condition

® Transfer direction (read or write)

® Bytes with missing acknowledge bit



R&S®Scope Rider RTH Protocol Analysis

8.2.2

® Specific slave address
® Specific data pattern in the message

12C Configuration Settings

Access: "Bus" menu > "Bus Protocol" = "I2C" > "Config"

source Thresholds

1 v

Technology

User

Find Leyel

SCL, SDA
Set the input source of the data line (SDA) and clock line (SCL).

If option R&S RTH-B1 is installed, digital channels can also be used as source.

Remote command:
BUS:I2C:SCL:SOURce on page 375
BUS:12C:SDA:SOURce on page 375

Thresholds, Technology, Find Level
Sets the threshold value for digitization of signals. If the signal value is higher than the
threshold, the signal state is high. Otherwise, the signal state is considered low.

You can select the threshold voltages for various types of integrated circuits in the
"Technology" list, or set a user-defined value in "Thresholds". You can also let the
instrument set the appropriate threshold using "Find Level".

Changing the thresholds in the bus configuration changes also the thresholds of ana-
log channels in the "Vertical" menu, or the thresholds of logic channels in the "Logic"
menu.

Remote command:

BUS:12C:TECHnology on page 376
BUS:I2C:SCL:THReshold on page 376
BUS:I2C:SDA:THReshold on page 376
BUS:SETReflevels on page 376
CHANnel<m>:THReshold:FINDlevel on page 257
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8.2.3 12C Trigger Settings

Access: "Bus" menu > "Bus Protocol" = "I12C" > "Trigger"

s LU UL

\ a.d'&'rs anﬁ;;e
SDA Pat_l_t_ern :' Pag_em :'

Trigger Type
Bus

[2C Trigger

Address and Data
Address Pattern
[bin]0101110
Address Relation
Unequal

R/W Bit

Either

12C Trigger
Selects the trigger type for I2C analysis.

"Start" Sets the trigger to the start of the message. The start condition is a
falling edge on SDA while SCL is high. The trigger instant is the fall-
ing edge of the SDA line.

"Restart" Sets the trigger to a restart - when the start condition occurs without
previous stop condition. Restart conditions occur when a master
exchanges multiple messages with a slave without releasing the bus.

"Stop" Sets the trigger to the end of the message. The stop condition is a ris-
ing slope on SDA while SCL is high.

"No Ack (Missing Ack)"
Missing acknowledge bit: the instrument triggers if the data line
remains HIGH during the clock pulse following a transmitted byte.
You can also localize specific missing acknowledge bits by setting the
No Ack (Missing Ack) bits.

"Address"
Sets the trigger to one specific address pattern that is expected. The
trigger time is the falling clock edge of the acknowledge bit after the
address.

llDatall

Sets the trigger to a specified data pattern that is expected.

"Address and Data"
Sets the trigger to a combination of address and data condition.

Remote command:
TRIGger:I2C:MODE on page 377
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No Ack (Missing Ack)
Selects which missing acknowledge bits is detected if the trigger type is set to "No Ack
(Missing Ack)".
"Address NACK"
No slave recognizes the address.

"Data Read NACK"
Marks the end of the read process when the master reads data from
the slave. This Nack is sent according to the protocol definition, it is
not an error.

"Data Write NACK"
The addressed slave does not accept the written data.

Remote command:

TRIGger:I2C:ADNack on page 377
TRIGger:I2C:DRNack on page 377
TRIGger:12C:DWWNack on page 377

Address Pattern
Specifies the address pattern to be found, in binary or hex format. Enter the pattern in
MSB first bit order.

See also Chapter 2.5.12.1, "Pattern Definition", on page 66.

Remote command:
TRIGger:I2C:ADDRess on page 378

Address Relation
Defines how the specified serial address pattern is compared with the acquired signal.
The instrument triggers if the acquired address is equal or unequal the defined pattern.

Remote command:
TRIGger:I2C:ACONdition on page 378

R/W Bit
Toggles the trigger condition between read and write access of the master. Select
"Either" if the transfer direction is not relevant for the trigger condition.

Remote command:
TRIGger:I2C:ACCess on page 377

Data Pattern

Specifies the data pattern to be found on the specified line, in binary or hex format.
Enter the words in MSB first bit order.

See also Chapter 2.5.12.1, "Pattern Definition", on page 66.

Remote command:
TRIGger:I2C:DATA on page 378

Data Relation

Sets how the defined serial data pattern is compared with the acquired signal. The
instrument triggers if the acquired data pattern is equal or unequal the defined pattern.
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Remote command:
TRIGger:I2C:DCONdition on page 378

Byte Offset
Sets the number of bytes before the first byte of the data pattern. These bytes are
ignored.

Remote command:
TRIGger:I2C:DPOSition on page 379

8.2.4 I°C Label List

Label lists are protocol-specific. Label lists for 2C are available in CSV and PTT format.

An I2C label file contains three values for each address:

® Address type, 7-bit or 10-bit long

® Address value

® Symbolic label: name of the address, specifiing its function in the bus network.

Example: I12C PTT file

# ____________________________________________________________________________
@QFILE VERSION = 1.00

@PROTOCOL NAME = i2c

# ___________________________________________________________________________

# Labels for I2C protocol

# Column order: Identifier type, Identifier value, Label

7,0x1E,Voltage

7,38h, Pressure

7,2Ah, Temperature

7,16h, Speed
7,118,Acceleration

7,07h, HighSpeed Master 0x3
7,51h, EEPROM

10, 3A2h, DeviceSetup

10, 1A3h,GatewayStatus

10, 06Eh, LeftSensor

For general information on label lists, see Chapter 8.1.3, "Label Lists", on page 164.
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10 bit [hex]1A3 Right brake < Config
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Figure 8-6: Display of an I*C label list
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Address Pattern
[hex]38
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Temperature (R) [Addr: 38h Leftbrake R/W Bit
i Seh, | {28y

{38h} 82h} {28h) Either W | | Horizontal

‘l Address from Label | Q

Zoom

Holdoff Mode
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Figure 8-7: Trigger on address "Temperature”, value 38 (hex)

8.2.5 I2C Decode Results

This chapter describes the comb display and the decode results table of decoded I?C
buses. Basic information on decoding and display of decode results is given in Chap-
ter 8.1.2, "Decode Results", on page 163.
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Figure 8-8: Comb display of a decoded I*C signal, triggered on a missing acknowledge bit
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Figure 8-9: Comb display of a decoded I?C signal, triggered on address 2A (hex)

The color-coding of the various protocol sections and errors simplifies the interpretation
of the visual display.
Table 8-1: Color codes of decoded IC signals

Color, display element Description

Green brackets [...] Start and end of frame

Read frame. Text indicates transfer direction (R = read) and address of the
frame (hex)

Green frame header

| —
174
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Color, display element Description

Cyan frame header Write frame. Text indicates transfer direction (W = write) and address of the
frame (hex)

Yellow comb Address

Cyan comb Data bytes

Violet Acknowledge bit

Red Missing acknowledge bit, error in frame, insufficient frame (end of acquisi-

tion before decoding has been completed)

In "Protocol" mode, decoded data is shown in tabular form.

Table 8-2: Content of the protocol table for decoded I*C signal

Column Description

# Frame index

Frame Start Time of frame start

Address [hex] Hexadecimal value of the address

Address R/W Value of the R/W bit

Values 8 bit [format] Value of data byte. The data format is selected in the "Bus" menu.

State Overall state of the frame.
"Incomplete” indicates that the frame is not completely contained in the
acquisition. Change the time scale to get a longer acquisition.

Remote commands are described in Chapter 14.11.2.3, "I2C Decode Results",
on page 379.

8.3 SPI (Option R&S RTH-K1)

8.3.1 The SPI Protocol

A 4-channel instrument is required for full support of the SPI protocol.

The Serial Peripheral Interface SPI is used for communication with slow peripheral
devices, in particular, for transmission of data streams.

Main characteristics of SPI are:

® Master-slave communication

® No device addressing; The slave is accessed by a chip select, or slave select line.
® No acknowledgement mechanism to confirm receipt of data

® Duplex capability
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Most SPI buses have four lines, two data and two control lines:
® Clock line to all slaves (SCLK)

® Slave Select or Chip Select line (SS or CS)

® Master data output, slave data input (MOSI or SDI)

® Master data input, slave data output (MISO or SDO)

When the master generates a clock and selects a slave device, data may be transfer-
red in either or both directions simultaneously.

SCLE B SCLK
SPI MOS] W MO SR
ilaster MSO 4 MSO Slave

55 —————» S5

Figure 8-10: Simple configuration of SPI bus

The data bits of a message are grouped by following criteria:

® A word contains a number of successive bits. The word length is defined in the pro-
tocol configuration.

® A frame contains a number of successive words, at least one word.

For SPI buses, the R&S RTH provides the following trigger possibilities:
® On frame start

® On frame end

® On a serial pattern at a specified position

8.3.2 SPI Configuration Settings

Access: "Bus" menu > "Bus Protocol" = "SPI" > "Config"

Source Thresholds
Polarity
() MNone v Active high
Slope
Clock GIRYY _/ Rising

KOsI

KISO None Vv

Word Length Bit Order Technology
8 bit Vv MSB First Vv User
Frame Timeout

1ms Find Level
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Source: CS, Clock, MOSI, MISO
Set the input channels of the SPI lines.

If option R&S RTH-B1 is installed, digital channels can also be used as source.

Remote command:

BUS:SPT:SSEL:SOURce on page 386
BUS:SPT:SCLK:SOURce on page 386
BUS:SPI:MISO:SOURce on page 386
BUS:SPT:MOST:SOURce on page 386

Polarity
Selects whether the chip select signal is high active (high = 1) or low active (low = 1).

Remote command:
BUS:SPI:SSEL:POLarity on page 386

Slope
Selects if data are sampled on the rising or falling slope of the clock. The clock slope
marks the begin of a new bit.

Remote command:
BUS:SPI:SCLK:SLOPe on page 386

Thresholds, Technology, Find Level
Sets the threshold value for digitization of signals. If the signal value is higher than the
threshold, the signal state is high. Otherwise, the signal state is considered low.

You can select the threshold voltage on all lines for various types of integrated circuits
in the "Technology" list, or set a user-defined value for each line in "Thresholds". You
can also let the instrument set the appropriate thresholds using "Find Level".

Changing the thresholds in the bus configuration changes also the thresholds of ana-
log channels in the "Vertical" menu, or the thresholds of logic channels in the "Logic"
menu.

Remote command:

BUS:SPI:TECHnology on page 386
BUS:SPT:SSEL:THReshold on page 387
BUS:SPI:SCLK:THReshold on page 387
BUS:SPI:MISO:THReshold on page 387
BUS:SPTI:MOST:THReshold on page 387
BUS:SETReflevels on page 376
CHANnel<m>:THReshold:FINDlevel on page 257

Word Length
Sets the number of bits in a word. The maximum length is 32 bit.

Remote command:
BUS:SPI:WSIZe on page 387

Bit Order

Defines if the data of the words starts with MSB (most significant bit) or LSB (least sig-
nificant bit). The display of the decoded signal considers this setting, results are dis-
played in the specified order.
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Remote command:
BUS:SPI:ORDer on page 387

Frame Timeout

Sets the minimum idle time between two data frames. If the time interval between the
data frames is shorter, the words are part of the same frame. Within the timeout, the
data and clock lines are low. A new frame begins when the timeout has expired.

Timeout is only relevant if the bus has no chip select.

Remote command:
BUS:SPI:TIMeout on page 388

8.3.3 SPI Trigger Settings

Access: "Bus" menu > "Bus Protocol" = "SPI" > "Trigger"

. Bit Offset |

dock TN 41\ LA
Trigger Type
Bus

SPI Trigger
Data
Datasource
MISO

Pattern

[bin PG00
Relation

Equal

Bit Offset

Chip Select

SPI Trigger
Selects the trigger type for SPI analysis.

"Frame Start"  Sets the trigger to the start of the message. If the bus has a CS line,
the frame starts when the chip select signal changes to the active
state. Without CS line, the frame starts when the idle time has
expired.

"Frame End" Sets the trigger to the end of the message. If the bus has a CS line,
the frame ends when the chip select signal changes to the inactive
state. Without CS line, the frame ends when the idle time has expired
after the last clock and no new clock appeared during that time.
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"Data" Sets the trigger to a specified bit pattern that is expected on one of
the lines.

Remote command:
TRIGger:SPI:MODE on page 388

Datasource
Selects the line, on which the trigger pattern is expected.

Remote command:
TRIGger:SPI:DSRC on page 389

Pattern
Specifies the data pattern to be found on the specified line, in binary or hex format.
Enter the words in MSB first bit order.

See also Chapter 2.5.12.1, "Pattern Definition", on page 66.

Remote command:
TRIGger:SPT:DATA on page 389

Relation
Defines how the defined serial data pattern is compared with the acquired signal. The
instrument triggers if the acquired data word is equal or unequal the defined pattern.

Remote command:
TRIGger:SPI:DCONdition on page 389

Bit Offset

Sets the number of bits before the first bit of the pattern. These bits are ignored. The
first bit after CS or timeout is bit 0. For example, with bit offset = 2, bit 0 and bit 1 after
CS are ignored, and the pattern starts with bit 2.

Remote command:

TRIGger:SPI:DPOSition on page 389

Chip Select
Defines if the SPI bus uses a chip select line or not.

Remote command:
BUS:SPT:SSEL:STATe on page 388

8.3.4 SPI Decode Results

This chapter describes the comb display and the decode results table of decoded SPI
buses. Basic information on decoding and display of decode results is given in Chap-
ter 8.1.2, "Decode Results", on page 163.
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Figure 8-12: Comb display of a decoded SPI signal, triggered on data pattern 40 (hex)

The color-coding of the various protocol sections and errors simplifies the interpretation
of the visual display.

[
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Table 8-3: Color codes of decoded SPI signals

Color, display element Description

Green brackets [...] Start and end of frame

Cyan comb Data words

Red Error, or insufficient frame (end of acquisition before decoding has been
completed)

In "Protocol" mode, decoded data is shown in tabular form.
Table 8-4: Content of the protocol table for decoded SPI signal

Column Description

# Frame index

Frame Start Time of frame start

MOSI <x> bit [format] Value of the MOSI data word. The data format is selected in the "Bus"

menu. The column header indicates the selected word length.

MISO <x> bit [format] Value of the MISO data word. The data format is selected in the "Bus"
menu. The column header indicates the selected word length.

State Overall state of the frame.

"Incomplete” indicates that the frame is not completely contained in the
acquisition. Change the time scale to get a longer acquisition.

Remote commands are described in Chapter 14.11.3.3, "SPI Decode Results",
on page 389.

8.4 UART/RS-232/RS-422/RS-485 (Option R&S RTH-K2)

8.4.1 UART Interface

The Universal Asynchronous Receiver/Transmitter UART converts words of data into
serial data, and vice versa. It is the base of many serial protocols like of RS-232 and
RS-422. The UART uses only one line, or two lines for transmitter and receiver. The
R&S RTH can analyze one UART line.

Data transfer

The data is transmitted in words, also referred to as symbols or characters. Each word
consists of a start bit, several data bits, an optional parity bit, and one or more stop
bits. Several words can form a frame, or package. The end of a frame is marked by a
pause between two symbols.

Start | Data0 | Datal | Data2 | Data3 | Data4 [Data5]|[Data6]|[Data7] [Data8]|[Parity]] Stop

Figure 8-13: Bit order in a UART word (symbol)
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® The start bit is a logic 0.
® The stop bits and the idle state are always logic 1.

The UART protocol has no clock for synchronization. The receiver synchronizes by
means of the start and stop bits, and the bit rate that must be known to the receiver.

Trigger

The R&S RTH can trigger on specified parts of UART serial signals:
e Start bit of a word

® Frame start

® Data pattern

® Parity error

® Stop error

® Break

8.4.2 UART Configuration Settings

Access: "Bus" menu > "Bus Protocol" = "UART" > "Config"

Polarity Threshold
Source  [WIERYE |dle High 1.399V

Technology

User

Find Level
Bit Rate Predefined Bit Rates

14.4kbps  14.4 kbps v
Data Bits Parity Stop Bits
8 bit None Y 1bhit

Bit Order Frame Mode Idle Time
1SB First Vv  None

Source
Selects the input channel to which the UART line is connected.

If option R&S RTH-B1 is installed, digital channels can also be used as source.

Remote command:
BUS:UART: SOURce on page 393

Polarity

Defines the logic states of the line. In idle high state, the idle state corresponds to a
logic 1, and the start bit to a logic 0. In idle low state, the idle state corresponds to a
logic 0, and the start bit to a logic 1. During idle time, no data is transmitted.
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Remote command:
BUS:UART:POLarity on page 394

Threshold, Technology, Find Level

Sets the threshold value for digitization of signals. If the signal value is higher than the
threshold, the signal state is high. Otherwise, the signal state is considered low. The
interpretation of high and low is defined by the Polarity.

You can select the threshold voltages for various types of integrated circuits in the
"Technology" list, or set a user-defined value in "Threshold". You can also let the
instrument set the appropriate threshold using "Find Level".

Changing the thresholds in the bus configuration changes also the thresholds of ana-
log channels in the "Vertical" menu, or the thresholds of logic channels in the "Logic"
menu.

Remote command:

BUS:UART:TECHnology on page 394
BUS:UART:THReshold on page 394
BUS:SETReflevels on page 376
CHANnel<m>:THReshold:FINDlevel on page 257

Predefined Bit Rates, Bit Rate
Set the number of transmitted bits per second.

You can select a predefined value in the "Predefined Bit Rates" list, or set a user-
defined value in "Bit Rate".

Remote command:
BUS:UART:STDBitrate on page 394
BUS:UART:BITRate on page 395

Data Bits
Sets the number of data bits in a word (symbol) in a range from 5 bits to 9 bits.

Remote command:
BUS:UART:SSIZe on page 395

Parity

Defines the optional parity bit that is used for error detection.

"None" No parity bit is used.

"Odd" The parity bit is set to "1" if the number of data bits set to "1" is even.
"Even" The parity bit is set to "1" if the number of data bits set to "1" is odd.

Remote command:
BUS:UART:PARity on page 395

Stop Bits
Sets the number of stop bits: 1 or 1.5 or 2 stop bits are possible.

Remote command:
BUS:UART:SBIT on page 395
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Bit Order

Defines if a word starts with MSB (most significant bit) or LSB (least significant bit).
The display of the decoded signal considers this setting, results are displayed in the
specified order.

Remote command:
BUS: UART :ORDer on page 396

Frame Mode

Allows you to decode frames of several words in the data stream, which are defined by
a timeout between a stop bit and the next start bit. Enter the minimum timeout between
two frames in "Idle Time".

Remote command:
BUS:UART : FRAMemode on page 396
BUS:UART : TOUT on page 396

UART Trigger Settings

Access: "Bus" menu > "Bus Protocol" = "UART" > "Trigger"

UART Trigger
Selects the trigger type for UART analysis.
"Start Bit" Triggers on a start bit. The start bit is the first low bit after a stop bit if

polarity is idle high.

"Frame Start"  Triggers on the begin of a data frame. The frame start is configured
with BUS : UART : FRAMemode.

"Data" Triggers on a serial pattern or data word. You can define the Pattern
and Relation.

"Parity Error" Triggers on a parity error, which indicates a transmission error. This
trigger type is only available if a parity is configured for the UART
bus.

"Stop Error" Triggers if the stop bit is a logic 0.

"Break Condi-  Triggers if a start bit is not followed by a stop bit, and the data line
tion" remains at logic O for longer than a UART word.

Remote command:
TRIGger:UART: TYPE on page 396

Pattern
Specifies the data pattern to be found on the specified trigger source, in binary or hex
format. Enter the words in MSB first bit order.

See also Chapter 2.5.12.1, "Pattern Definition", on page 66.

Remote command:
TRIGger:UART: DATA on page 397
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Relation
Defines how the defined serial data pattern is compared with the acquired signal. The
instrument triggers if the acquired data word is equal or unequal the defined pattern.

Remote command:
TRIGger:UART: DCONdition on page 397

8.4.4 UART Decode Results

This chapter describes the comb display and the decode results table of decoded
UART buses. Basic information on decoding and display of decode results is given in
Chapter 8.1.2, "Decode Results", on page 163.

UART  Source [] tms/ W EH sngl  Stop 4] Chore

1G]]

e O I I

Figure 8-14: Comb display of a decoded UART signal, triggered on start bit

[
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UART  Source [l WO sngl  Stop 4] Ploores

& 500 my/ocld B [

Figure 8-15: Comb display of a decoded UART signal, triggered on parity error

The color-coding of the various protocol sections and errors simplifies the interpretation
of the visual display.

Table 8-5: Color codes of decoded UART signals

Color, display element Description

Green brackets [...] Start and end of frame

Cyan comb Data words

Violet comb Parity bit

Red Start error, stop error, parity error, or insufficient frame (end of acquisition
before decoding has been completed)

In "Protocol" mode, decoded data is shown in tabular form.

Table 8-6: Content of the protocol table for decoded UART signal

Column Description

# Frame index

Frame Start Time of frame start

Value <x> bit [format] Value of the data word. The data format is selected in the "Bus" menu. The

column header indicates the selected word length.

State Overall state of the frame.

"Incomplete” indicates that the frame is not completely contained in the
acquisition. Change the time scale to get a longer acquisition.

Remote commands are described in Chapter 14.11.4.3, "UART Decode Results",
on page 397.

[
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8.5 CAN (Option R&S RTH-K3)

CAN is the Controller Area Network, a bus system used within automotive network
architecture.

8.5.1 CAN Configuration Settings

Access: "Bus" menu > "Bus Protocol" = "CAN" > "Config"

Polarity Threshold

Source CAN L

Technology

User

Find Level
Bit Rate Predefined Bit Rates

50 kbps 50 kbps v

Sample Point
50 %

Source
Sets the input channel of the CAN line. All active analog channels can be used.

If option R&S RTH-B1 is installed, digital channels can also be used as source.

Remote command:
BUS:CAN:DATA: SOURce on page 399

Polarity
Selects whether the chip select signal is high active (high = 1) or low active (low = 1).

Remote command:
BUS:CAN:TYPE on page 400

Threshold, Technology, Find Level
Sets the threshold value for digitization of signals. If the signal value is higher than the
threshold, the signal state is high. Otherwise, the signal state is considered low.

You can select the threshold voltage on the source CAN for various types of integrated
circuits in the "Technology" list, or set a user-defined value in "Threshold". You can
also let the instrument set the appropriate threshold using "Find Level".

Changing the thresholds in the bus configuration changes also the thresholds of ana-
log channels in the "Vertical" menu, or the thresholds of logic channels in the "Logic"
menu.

Remote command:
BUS:CAN:TECHnology on page 401
BUS:CAN:DATA: THReshold on page 401

HE
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BUS:SETReflevels on page 376
CHANnel<m>:THReshold:FINDlevel on page 257

Bit rate, Predefined Bit Rates
Sets the number of transmitted bits per second. The maximum bit rate is 1 Mbit/s.

To select a bit rate from the list of predefined values, tap the "Predefined Bit Rates"
field, then select the value.

To set a user-defined value, double-tap the "Bit Rate" field, then enter the value and
unit using the displayed keypad. The "Predefined Bit Rates" setting is automatically set
to "User Bit Rate".

Remote command:
BUS:CAN:BITRate on page 400

Sample Point
The CAN bus interface uses an asynchronous transmission scheme. The standard
specifies a set of rules to resynchronize the local clock of a CAN node to the message.

The sample point divides the nominal bit period into two distinct time segments. The
length of the time segments is defined in time quanta according to network and node
conditions during CAN development.

| Maminal bit time -

Time seg Time seqg2
(SYNCH_SEG + PROP_SEG + PHASE_SEGT) [PHASE_SEGZ)

T Sample point

Tirne guanta

Remote command:
BUS:CAN:SAMPlepoint on page 401

8.5.2 CAN Trigger Settings

Access: SETUP (TRIGGER) > "Trigger type" = "Bus"
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Trigger Type
Bus

CAN Trigger
Identifier

Frame Type
Data or Remote v

Identifier Pattern
[bin POOCCO0C000(

4| Address from Label

Identifier Relation

AdAress from Label.......coeiieiiii e e e e e 191
Error conditions: CRC, Bit stuffing, Form, AcK........ccccuvmmiimiiriii e 191
CAN Trigger

Depending on the selected CAN trigger type, different additional parameters are avail-
able.

"Start of Frame"

Triggers on the stop bit of the sync field.

"End of frame"
Triggers after a wakeup frame.

"Frame type" Triggers on a specified frame type (data, remote, error, or overload).
For data and remote frames, also the identifier format is considered.

"Identifier" Sets the trigger to a specific identifier or an identifier range. Only the
6-bit identifier without parity bits is considered, not the protected iden-
tifier.

"ldentifier + Data"

Sets the trigger to a combination of identifier and data condition. The
instrument triggers at the end of the last byte of the specified data
pattern.

"Error condition"
Identifies various errors in the frame. You can select one or more
error types as the trigger condition.
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Remote command:
TRIGger:CAN:TYPE on page 405

Frame type
CAN has several frame types which can be used as trigger condition.

For data and remote frames, the identifier format has to be set with ID type.

"Error" When a node recognizes an error, it cancels transmission by sending
an error frame.
The instrument triggers seven bit-periods after the end of the error
flag that is marked by a dominant-recessive edge.
The ID type is irrelevant for error frames.

"Overload" When a node needs a delay between data and/or remote frames, it
sends an overload frame.
The instrument triggers seven bit-periods after the end of the over-
load flag that is marked by a dominant-recessive edge.
The ID type is irrelevant for overload frames.

"Data" The data frame is the only frame for actual data transmission.

"Remote" Remote frames are only available in the CAN protocol.
The remote frame initiates the transmission of data by another node.
The frame format is the same as of data frames but without the data

field.
"Data or Data frames or remote frames initiate the transmission of data by
Remote" another node. The frame format is the same as of data frames.

Remote command:
TRIGger:CAN:FTYPe on page 403

ID type
Selects the length of the identifier:

"11 bit" Identifier length of the CAN base frame format. The instrument trig-
gers on the sample point of the IDE bit (identifier extension flag).

"29 bit" Identifier length of the CAN extended frame format. The instrument
triggers on the sample point of the RTR bit.

"Any" The ID type and ID pattern are not relevant for the trigger condition.
If the trigger type is "ldentifier", the instrument triggers on any identi-
fier in the specified frame type.
If the trigger type is "ldentifier + Data", set the "ID type" to "Any" if you
want to trigger only on data.

Remote command:
TRIGger:CAN: ITYPe on page 405

Identifier Pattern
Specifies the identifier pattern to be found, in binary or hex format. Enter the pattern in
MSB first bit order.

See also Chapter 2.5.12.1, "Pattern Definition", on page 66.

Remote command:
TRIGger:CAN:IDENtifier on page 404
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Identifier Relation
Defines how the specified identifier pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Remote command:
TRIGger:LIN:ICONdition on page 414

Data Pattern
Specifies the data pattern to be found, in binary or hex format. Enter the pattern in
MSB first bit order.

See also Chapter 2.5.12.1, "Pattern Definition", on page 66.

Remote command:
TRIGger:LIN:DATA on page 414

Data Relation
Defines how the specified data pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Remote command:
TRIGger:LIN:DCONdition on page 414

Address from Label
If a label list with node names was loaded and applied in the bus configuration, you
can select the node name from the list instead of entering the numeric identifier.

The instrument triggers on the identifier of the selected node.

Error conditions: CRC, Bit stuffing, Form, Ack

If a CAN detects a bit stuffing error, form error, or ack error, it transmits an error flag at
the next bit. The R&S RTH detects errors in the message and triggers on these errors
even if no CAN node sends an error flag.

® CRC error
CAN uses the cyclic redundancy check (CRC), which is a complex checksum cal-
culation method. The transmitter calculates the CRC and sends the result in the
CRC sequence. The receiver calculates the CRC in the same way. A CRC error
occurs when the calculated result differs from the received value in the CRC
sequence.

® Bit stuffing error
The frame segments Start Of Frame, Arbitration Field, Control Field, Data Field
and CRC Sequence are coded by the bit stuffing method. The transmitter automati-
cally inserts a complementary bit into the bit stream when it detects five consecu-
tive bits of identical value in the bit stream to be transmitted. A stuff error occurs
when the 6th consecutive equal bit level in the mentioned fields is detected.

® Form error
A form error occurs when a fixed-form bit field contains one or more illegal bits.

® Ack error
An acknowledgement error occurs when the transmitter does not receive an
acknowledgment - a dominant bit during the ack slot.

HE
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Remote command:
TRIGger:CAN:ACKerror on page 402
TRIGger:CAN:BITSterror on page 402
TRIGger:CAN:CRCerror on page 402
TRIGger:CAN:FORMerror on page 403

CAN Label List

Label list files (symbolic data files) for CAN protocols are available in PTT and CSV file
formats, similar to other serial protocols. In additition, the R&S RTH can read and apply
DBC files to the decoded signal and use them for triggering.

For general information on label lists, see Chapter 8.1.3, "Label Lists", on page 164.

PTT and CSV Files for CAN

PTT and CSV files are protocol-specific. A PTT label file for CAN protocols contains
three values for each identifier:

® |dentifier type, 11-bit or 29-bit long
® |dentifier value
® |abel, symbolic name of the identifier, specifying its function in the bus network.

Example: CAN PTT file

# ____________________________________________________________________________
@FILE VERSION = 1.00

@PROTOCOL NAME = can

# ___________________________________________________________________________
# Labels for CAN protocol

# Column order: Identifier type, Identifier value, Label

# ___________________________________________________________________________

11,064h,Diag Response

11, 1E5h,EngineData
11,0A2h, Ignition Info
11,1BCh,TP_Console
11,333h,ABSdata
11,313h,Door Left
11,314h, Door Right
29,01A54321h, Throttle
29,13A00FA2h, LightState
29,0630ABCDh, Engine Status
29,03B1C002h,Airbag Status
29,01234ABCh,NM Gateway
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8.5.3.2 DBC Files for CAN

Industry-standard DBC files contain more information than PTT and CSV files and
translate the abstract decode results to human language. For each frame, the frame ID
and the symbolic name of the ID are given; the frames are also called messages in
CAN. The data of a CAN message can consist of several "signals". The DBC file pro-
vides the label, unit, start bit, length and other indicators for each signal. For state-
encoded signals, the meaning of the states is given.

In the demo example, the message "EngineData" has the decimal ID 2,166,573,756
and consists of 8 data bytes. These 8 bytes are defined as 6 signals. The first one,
"PetrolLevel", starts at bit #24, has a length of 8 bit, and the unit is liter. The signal
"ldleRunning" is state-encoded. It has only one bit. The binary value 0 means "Run-
ning", and the binary value 1 means "ldle".

Example: CAN DBC file section

BO 2166573756 EngineData: 8 Engine

SG_ PetrolLevel : 24[8Q@1+ (1,0) [0]255] "1" ...

SG_ EngPower : 48|16@1+ (0.01,0) [0]350] "kw" ...
SG_ EngForce : 32[10@1+ (1,0) [0]1000] "N" ...

SG_ IdleRunning : 23|1@1+ (1,0) [O0|1] "" ...

SG_ EngTemp : 16|7@1+ (2,-50) [-50[150] "degC" ....
SG_ EngSpeed : 0[13@1+ (1,0) [0]8000] "rpm" ...

VAL 2166573756 IdleRunning 0 "Running" 1 "Idle" ;

If a DBC file is loaded, the bus menu provides an additional entry: Display Labels.

N Auto Tig'd 4] 1'0134}3.1:'
ID Type 1D Value

ABSdata: & s;z:n:f

- CarSpeed (mph) 1‘

- Diagnostics o T T e fix)
- GearlLock :

11 bit  [hex]1BC DiagRequest_Motor Trigger

11 bit  [hex]0A2 DiagResponse_Motor

11 bit  [hex]333 Diag_Request

11 bit  [hex]314 Diag_Response

11 bit  [hex]064

Math

Display Format
Hexadecimal v

EngineData: Display Labels r
- EngForce (N)
- EngPower (kW) .

[hex]01234ABC - EngSpeed (rpm} Symbolic Decode _m I;I
- EngTemp (degC) Display
- ldleRunning 5 Load Label List

- PetrolLevel (1) ;P

«| Show Label List (10)

Figure 8-16: Display of an CAN DBC file
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(AN Source [&] K Ao Trigd 4] *scos

v

: ? Help
- 0- B I]:;a E ?E
A 1] 1 Bl 110 AV
*

11 bit Vertical

i e
Data or Remote

Identifier Pattern
[hex]064

CRC
35CEh | «| Identifier from Label

Identifier Relation
Equal V' | Horizontal

Holdoff Mode
off v Q

Zoom

Noise Reject “ &

c I I > I

Figure 8-17: Trigger on message "ABSdata”, identifier value 064 (hex)

8.5.4 CAN Decode Results

This chapter describes the comb display and the decode results table of decoded CAN
buses. Basic information on decoding and display of decode results is given in Chap-
ter 8.1.2, "Decode Results", on page 163.

AN Source[§] ims/  EH Sngl  Stop 4] Clovee

Figure 8-18: Comb display of a decoded CAN signal, triggered on CRC error
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20160805
Basez 1.176 v Tp: 2384 v 1ms/ BN sngl  Stop 4] Tiinna0
h 4

Data: 0A2h

c I I > I

Figure 8-19: Comb display of a decoded CAN signal, triggered on address 0630ABCD (hex)

The color-coding of the various protocol sections and errors simplifies the interpretation
of the visual display.

Table 8-7: Color codes of decoded CAN signals

Color, display element Description

Green brackets [...] Start and end of frame

Green frame header Data frame. Text indicates the frame type and frame ID (hex).

Cyan frame header Remote frame. Text indicates the frame type and frame ID (hex).

White frame header Overload frame. Text indicates the frame type.

Yellow comb ID (standard 11 bit and extended 29 bit)

Cyan comb Data bytes

Blue comb Data length code (DLC)

Violet CRC

Red Error frame, start/stop error, CRC error, stuff bit error, form error, ACK error,
insufficient frame (end of acquisition before decoding has been completed)

In "Protocol" mode, decoded data is shown in tabular form.

Table 8-8: Content of the protocol table for decoded CAN signal

Column Description

# Frame index

Frame Start Time of frame start

Frame Type Data, remote, overload or error frame

ID bit ID type, 11 bit standard format or 29 bit extended format
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Column Description

ID [hex] Identifier value, hexadecimal value

DLC Data length code, coded number of data bytes

Values 8 bit [format] Values of data frames. The data format is selected in the "Bus" menu.

CRC CRC value

State Overall state of the frame.
"Incomplete” indicates that the frame is not completely contained in the
acquisition. Change the time scale to get a longer acquisition.

Remote control commands are described in Chapter 14.11.5.3, "CAN Decode
Results", on page 405.

8.6 LIN (Option R&S RTH-K3)

The Local Interconnect Network (LIN) is a simple, low-cost bus system used within
automotive network architectures. LIN is usually a subnetwork of a CAN bus. The pri-
mary purpose of LIN is to integrate uncritical sensors and actuators with low bandwidth
requirements. Common applications in a motor vehicle are the control of doors, win-
dows, wing mirrors, and wipers.

8.6.1 The LIN Protocol

This chapter provides an overview of protocol characteristics, frame format, identifiers
and trigger possibilities. For detailed information, order the LIN specification on http://
www.lin-subbus.org/ (free of charge).

LIN characteristics

Main characteristics of LIN are:

® Single-wire serial communications protocol, based on the UART byte-word inter-
face

® Single master, multiple slaves - usually up to 12 nodes

® Master-controlled communication: master coordinates communication with the LIN
schedule and sends identifier to the slaves

® Synchronization mechanism for clock recovery by slave nodes without crystal or
ceramics resonator

The R&S RTH supports several versions of the LIN standard: v1.3, v2.0, v2.1 and the
American SAE J2602.

Data transfer

Basic communication concept of LIN:
® Communication in an active LIN network is always initiated by the master.


http://www.lin-subbus.org/
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® Master sends a message header including the synchronization break, the synchro-
nization byte, and the message identifier.

® The identified node sends the message response: one to eight data bytes and one
checksum byte.

® Header and response form the message frame.

The data is transmitted in bytes using the UART byte-word interface without the parity
bit. Each byte consists of a start bit, 8 bits and a stop bit.

Start | Bit0 | Bit 1 Bit 7 | Stop
bit LSB MSB | bit

| Byte field

Figure 8-20: Structure of a byte field

Data bytes are transmitted LSB first.

The identifier byte consists of 6 bits for the frame identifier and two parity bits. This
combination is known as protected identifier.

Trigger

The R&S RTH can trigger on various parts of LIN frames. The data line must be con-
nected to an input channel, triggering on math and reference waveforms is not possi-
ble.

You can trigger on:

® Frame start (synchronization field)

® Specific slave identifier or identifier range

® Data pattern in the message

® Wake up signal

® Checksum error (error in data), parity error (error in identifier)

8.6.2 LIN Configuration Settings

Access: PROTOCOL > "Bus type" = "LIN" > "Configuration”
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Polarity Threshold
Source  [WIERYE |dle High 1.399 ¥
Technology
User
Find Level
Predefined Bit Rates
9.6 kbps 9.6 kbps A4
Standard
Auto
0] = 1R 198
5] £ Lo F= T e 1N 198
Bit rate, Predefined Bit RAtES.........ooiuuiiiiiieie e e 199
Threshold, Technology, FiNd LEVEL........oouuiiiiicccieeie e 199
Source

Sets the source of the data line. All active analog channels can be used.
If option R&S RTH-B1 is installed, digital channels can also be used as source.

Remote command:
BUS:LIN:DATA:SOURce on page 411

Polarity

Defines the idle state of the bus. The idle state is the recessive state and corresponds
to a logical 1.

"Idle Low" The bus is idle (state = 1) when the signal is low

"Idle High" The bus is idle (state = 1) when the signal is high

Remote command:
BUS:LIN:POLarity on page 412

Standard
Selects the version of the LIN standard that is used in the DUT. The setting mainly
defines the checksum version used during decoding.

The most common version is v2.x. For mixed networks, or if the standard is unknown,
set the LIN standard to "Auto".

Remote command:
BUS:LIN:STANdard on page 412

e
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Bit rate, Predefined Bit Rates
Sets the number of transmitted bits per second. The maximum bit rate is 20 kbit/s.

To select a bit rate from the list of predefined values, tap the "Predefined Bit Rates"
field, then select the value.

To set a user-defined value, double-tap the "Bit Rate" field, then enter the value and
unit using the displayed keypad. The "Predefined Bit Rates" setting is automatically set
to "User Bit Rate".

Remote command:
BUS:LIN:BITRate on page 412

Threshold, Technology, Find Level
Sets the threshold value for digitization of signals. If the signal value is higher than the
threshold, the signal state is high. Otherwise, the signal state is considered low.

You can select the threshold voltages for various technologies in the "Technology" list,
or set a user-defined value in "Threshold". You can also let the instrument set the
appropriate threshold using "Find Level".

Changing the thresholds in the bus configuration changes also the thresholds of ana-
log channels in the "Vertical" menu, or the thresholds of logic channels in the "Logic"
menu.

Remote command:

BUS:LIN:TECHnology on page 413

BUS:LIN:DATA:THReshold on page 412

BUS:SETReflevels on page 376

CHANnel<m>:THReshold:FINDlevel on page 257

8.6.3 LIN Trigger Settings

Access: SETUP (TRIGGER) > "Trigger type" = "Bus"

VWL = TeT
R Data
Trigger Mode

Auto

Trigger Type
Bus

LIN Trigger

- Start of frame
Holdoff Mode
Off

Noise Reject
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LIN Trigger
Depending on the selected LIN trigger type, different additional parameters are availa-
ble.

"Start of Frame"
Triggers on the stop bit of the sync field.

"Wakeup frame"
Triggers after a wakeup frame.

"Error condition"
Identifies various errors in the frame. You can select one or more
error types as the trigger condition.

"Identifier" Sets the trigger to a specific identifier or an identifier range. Only the
6-bit identifier without parity bits is considered, not the protected iden-
tifier.

"ldentifier + Data"

Sets the trigger to a combination of identifier and data condition. The
instrument triggers at the end of the last byte of the specified data
pattern.

Remote command:
TRIGger:LIN:TYPE on page 415

Checksum Error

Triggers on a checksum error. The checksum verifies the correct data transmission. It
is the last byte of the frame response. The checksum includes not only the data but
also the protected identifier (PID).

Remote command:
TRIGger:LIN:CHKSerror on page 413

Parity Error
Triggers on a parity error. Parity bits are the bits 6 and 7 of the identifier. They verify
the correct transmission of the identifier.

Remote command:
TRIGger:LIN: IPERror on page 415

Sync Error
Triggers if synchronization caused an error.

Remote command:
TRIGger:LIN:SYERror on page 415
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LIN (Option R&S RTH-K3)

Identifier Pattern
Specifies the identifier pattern to be found, in binary or hex format. Enter the pattern in
MSB first bit order.

See also Chapter 2.5.12.1, "Pattern Definition", on page 66.

Remote command:
TRIGger:LIN:IDENtifier on page 414

Identifier Relation
Defines how the specified identifier pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Remote command:
TRIGger:LIN:ICONdition on page 414

Identifier from Label
If a label list with node names was loaded and applied in the bus configuration, you
can select the node name from the list instead of entering the numeric identifier.

The instrument triggers on the identifier of the selected node.

Data Pattern
Specifies the data pattern to be found, in binary or hex format. Enter the pattern in
MSB first bit order.

See also Chapter 2.5.12.1, "Pattern Definition", on page 66.

Remote command:
TRIGger:LIN:DATA on page 414

Data Relation
Defines how the specified data pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Remote command:
TRIGger:LIN:DCONdition on page 414

LIN Label List
Label lists are protocol-specific. Label lists for LIN are available in CSV and PTT for-
mat.

A LIN label file contains two values for each identifier:
® [dentifier value
® Symbolic name for the identifier

Example of a LIN PTT file

@FILE_VERSION = 1.0
@PROTOCOL _NAME = lin

# Labels for LIN protocol
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# Column order: Identifier, Label

# Labels for standard addresses

0x3F, Temperature

1Ch, Left brake

20h,Right brake

# Following ID is provided as integer
33,Mirror

0x37,Indoor lights

# Labels for reserved addresses
0x3C,Master Request Frame

0x3D, Slave Response Frame

K Norm  Trigd 4 | el
Label 1631

[hex]00000012  Pressure

[hex]00000013  Mirror

[hex]0000001C  Left brake D, f
[hex]00000033  Speed Math
[hex]0000003F  Temperature Trigger

Display Format
Hexadecimal v

Display Labels r

% Load Label List -
Display

<| Show Label List (5)

Figure 8-21: Display of a LIN label list
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N Source d] Tigd 4] “icoers

SYNC FIELD

o y—=="Bus
LIN Trigger
Identifier
Identifier Pattern
[hex]1C

Identifier Relation

1D: 06h Brake,Lin [ID: 13h Left break [1D: 1Ch] Equal v
B D[D]j B ]:II B D[ Horizontal
<| Identifier from Label Q

Holdoff Mode Zoom

off vira

c I > I

Figure 8-22: Trigger on identifier "Left brake"

8.6.5 LIN Decode Results

This chapter describes the comb display and the decode results table of decoded LIN
buses. Basic information on decoding and display of decode results is given in Chap-
ter 8.1.2, "Decode Results", on page 163.

UN  Source[s] 2ms/ K sngl Stop 4] Clasoss

ID: 13h 1D: 23h

D Frh [BREAK S 78h—|—[BREAK- S

g .8 - § - E

Figure 8-23: Comb display of a decoded LIN signal, triggered on parity error
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The color-coding of the various protocol sections and errors simplifies the interpretation
of the visual display.

Table 8-9: Color codes of decoded LIN signals

Color, display element Description

Green brackets [...] Start and end of frame

Green frame header Data frame. Text indicates the frame ID (hex).

Magenta frame header Wake-up frame. Text indicates the frame type.

Magenta comb Break field

Blue comb Synch field

Yellow comb Identifier

Violet comb Parity bit and checksum

Cyan comb Data bytes

Red Error in frame ID, checksum error, parity error, insufficient frame (end of
acquisition before decoding has been completed)

In "Protocol" mode, decoded data is shown in tabular form.
Table 8-10: Content of the protocol table for decoded LIN signal

Column Description

# Frame index

Frame Start Time of frame start

ID [hex] Identifier value, hexadecimal value

ID Label Symbolic name of the identifier. Column is shown instead of "ID [hex]" if a

label list is used.

ID P [bin] Value of the protected identifier, binary value

Values 8 bit [format] Values of data bytes. The data format is selected in the "Bus" menu.
CHK [hex] Checksum value, hexadecimal value

State Overall state of the frame.

"Incomplete” indicates that the frame is not completely contained in the
acquisition. Change the time scale to get a longer acquisition.

Remote control commands are described in Chapter 14.11.6.3, "LIN Decode Results",
on page 415.



Logic Analyzer Settings

9 Logic Analyzer (R&S RTH-B1 MSO)

The Mixed Signal Option R&S RTH-B1 adds logic analyzer functions to the classical
oscilloscope functions. Using the logic analyzer, you can analyze and debug embed-
ded systems with mixed-signal designs that use analog signals and time-correlated
digital signals simultaneously. The option provides a logic probe with 8 logic channels.
The instrument ensures that analog and digital waveforms are time-aligned and
synchronized so that critical timing interactions between analog and digital signals can
be displayed and tested.

Each logic channel can be displayed on the screen and used as trigger source.

» To activate the logic analyzer, shortly press the LOGIC key.
To disable, press LOGIC again.

» To configure logic channels, press and hold the LOGIC key until the "Logic" menu
opens.

To scale and move the logic channels vertically:
1. If the logic channels are not focused, press the LOGIC key to set the focus.

2. Press the vertical RANGE and POS keys.

9.1 Logic Analyzer Settings

Access: "Logic" menu



R&S®Scope Rider RTH Logic Analyzer (R&S RTH-B1 MSO)

Logic Channels T

¥isible
01234567

Couple Thresh. _m

Threshold DO - D3
ECL

Hysteresis DO - D3
Large

Threshold D4 - D7
TTL

Hysteresis D4 - D7
hedium

Deskew T

Select Channel
D2
Deskew
3.2 ns

Set all deskews to zero

Logic Channels
Enables or disables the logic channels.

Remote command:
LOGic:STATe on page 421

Visible
By default, all 8 logic channels are displayed. Disable the logic channels that you do
not need for analysis.

Couple Thresh.
Couples the threshold and hysteresis settings for the logic channels.

If enabled, all logic channels use the same threshold and hysteresis settings.

If disabled, 2 channel groups are available, which can use different threshold and hys-
teresis settings: DO - D3, and D4 - D7.

Remote command:
LOGic:THCoupling on page 421

Threshold

Sets the threshold value for the selected channel group, or for all logic channels. For
each acquired sample, the instrument compares the input voltage with the threshold

value. If the input voltage is above the threshold, the signal state "1" is stored. Other-
wise, the signal state "0" is stored if the input voltage is below the threshold.
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You can set the digital threshold in several ways:

® The same threshold and hysteresis are used for all logic channels: Enable "Thresh-
old" and set the values for channels DO - D3, and D4 - D7.

e Different thresholds and hysteresis are used for individual channel groups: Disable
"Threshold" and set the threshold and hysteresis for each group.

You can select the threshold voltages for various types of integrated circuits in the list,
or set a user-defined value.

"TTL" 14V
"ECL" -1.3V
"CMOS" 25V
"GND" 0 V (for CAN channels, requires option R&S RTH-K3)
"CAN" 2V (for CAN channels, requires option R&S RTH-K3)

"7V Supply" 7V (for LIN channels, requires option R&S RTH-K3)
"12 V Supply" 12V (for LIN channels, requires option R&S RTH-K3)
"18 V Supply" 18 V (for LIN channels, requires option R&S RTH-K3)

Remote command:
LOGic:GROup<m>:TECHnology on page 421
LOGic:GROup<m>:USER on page 422

Hysteresis

Hysteresis avoids the change of signal states due to noise oscillation around the
threshold level. Set a small hysteresis for clean signals, and large hysteresis for noisy
signals.

Threshold ‘\//N’W i Hysteresis
| \/W
|

Logic 0 Logic 1 Logic 0

Remote command:
LOGic:GROup<m>:HYSTeresis on page 423

Deskew
Enables deskewing.

Deskew compensates delays that are known from the circuit specifics or caused by the
different length of cables. The skew between the probe boxes of the digital channels
and the probe connectors of the analog channels is automatically aligned by the instru-
ment.

Select Channel, Deskew

You can set the deskew for all channels of a logic probe at once, or for each logic
channel separately.
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Select the channel and enter the deskew value in "Deskew".

Remote command:
LOGic:CHANnel<m>:DESKew on page 423

Set all Deskews to Zero
Resets all deskew values to zero.

9.2 Triggering on Logic Channels

Each digital channel can be used as trigger source. Using the pattern trigger, you can
trigger on logical combinations of analog and digital channels. Additionally, you can
define a trigger holdoff time.

If you trigger on logic channels, the threshold is used as trigger level. The "Trigger
Level" setting is not available.

The following trigger types are available if the trigger source is a logic channel:

® [Edge
® Glitch
® Width

® Pattern: the pattern can use all active logic channels

e State: the pattern can use all active logic channels

® Data2Clock: only the clock can be a logic channel.

® Serial pattern: clock and data source can be logic channels.

® Timeout
® |nterval
e \Window

All trigger types except for edge, glitch and width require option R&S RTH-K19.

For analysis of serial protocols, you configure the protocol using logic channels as
sources, and trigger on trigger type "Bus". For details, see the chapter describing the
relevant bus.

9.3 Analyzing Logic Channels

The main analysis tools for logic channels are serial protocol analysis (BUS), and the
pattern and state triggers.

Furthermore, you can zoom into the display (ZOOM).

To measure logic channels, you can use automatic and cursor measurements as
usual. The following measurement types are available:
® Period

® Frequency
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® Positive and negative pulse width

® Positive and negative duty cycle

® Delay (only automatic measurements)
® Phase (only automatic measurements)
® Mean

® Positive and negative pulse count

® Rising and falling edge count

See also Chapter 3.2, "Automatic Measurements"”, on page 75 and Chapter 3.3, "Cur-
sor Measurements", on page 81.

You can also export the waveform data: FILE > "Waveforms"



Accessing the Counter Mode

10 Frequency Counter (R&S RTH-K33)

The frequency counter is only available if the counter mode option R&S RTH-K33 is
installed.

The R&S RTH measures frequencies in various ways:
® You can use the automatic measurement function in scope mode.

® The FFT analysis mode converts the data into the frequency domain, providing a
spectrum of the input signal (see Chapter 5.1, "FFT Mode", on page 103). During
FFT analysis, the frequency resolution is restricted by the selected data acquisition
settings (channel bandwidth, frequency span, and time scale).

® To determine the frequency of an input signal accurately without changing the data
acquisition settings, the R&S RTH is equipped with a signal counter function. The
signal counter counts the zero crossings of the input signal (thus the term signal
counter) and derives the precise frequency value.

The R&S RTH counter mode option provides two separate counters. One counter can
be used as a reference for the second one, so that the deviation from the reference
value can be compensated for and the frequency becomes more accurate. Alterna-
tively, both counters can measure different input signals.

Using the data logger, you can also store a series of frequency values measured by
the counter over time.

10.1 Accessing the Counter Mode

1. Press the MODE key.
)

MODE ‘

2. Select "Counter".

[1[2[3]5)

Counter
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10.2 Display and Control

fManual

I
| Min

| 10.0000000 MHz 110.0100118 NIHz| | 10 0200401 NIHz

|

___I____ __'I'___ ____I____

10 0200401 MHz

14 —[fe . . P Restart Reference Internal WV

L

g 100mvV . - & B

Figure 10-1: Display for basic counter

1 = Measurement state. "Manual": running measurement with manual range; "Hold": stopped measure-
ment

2 = Vertical settings for channel 1 (incl. "Probe Setting")

3 = Vertical settings for channel 2 (incl. "Probe Setting")

4 = Minimum frequency and timestamp

5 = Average frequency

6 = Maximum frequency and timestamp

7 = Currently measured frequency

8 = Bargraph indicating the load level of the A/D converter for the selected measurement range; for val-
ues = 100 %, an overload warning is displayed; for optimal results the load level should be above
20 %;

9 = Counter on/off switch

10 = Used reference (Internal or Counter 2)

11 = Restarts the measurement and resets all values

12+13 = Measurement ranges of active channels

14 = Channel input selection

15 = Counter selection
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fanual

Reference Frequency

10.0000000 mHz

Figure 10-2: Display for reference counter

1 = Measured frequency at basic counter
2 = Measured frequency at reference counter (used as a reference frequency for basic counter)
3 = Counter usage

If both counters are active, you can display both measured counter frequencies at the
same time. When both counter results are displayed simultaneously, only the mea-
sured frequencies and the load bargraphs are displayed. Statistics or additional set-
tings are not available.

|
User Manual 1326.1578.02 — 08 212



R&S®Scope Rider RTH Frequency Counter (R&S RTH-K33)

. 20160831
Manual 11 4 unn

. 10.0000000 mH

2

Figure 10-3: Display for two counters simultaneously
1. Todisplay both counters, tap the currently highlighted counter selection tab.
2. Toreturn to a single counter display, tap one of the counter selection tabs.

In counter mode, the keys behave slightly different from scope mode:
® The vertical RANGE and POS keys adjust the measurement range.

® The MEAS key opens the "Counter" menu.

® The following keys work as usual: FILE, IEl, [21, PRESET, MODE, BACK.

® All other keys do not work.

MEaSUreMENT IMIOUE..........coeeeeeeee e e et e et e e e e e e e e eeanaeees 213
(LU =Y g =T U | 214
11010 010 o P 214
= (10 41U o TSRS 214
F =T - Vo [ PP PP PPPNE 214

Measurement Mode

Tap the setting to switch between continuous measurement ("MANUAL") and a single
measurement ("HOLD"). This has the same effect as selecting the TRIGGER RUN
STOP key.

For a single measurement, the continuous measurement is stopped and the most
recent value is displayed.

During continuous measurements, the most recent value is preserved and displayed,
while the oldest values are overwritten.

Note: The statistical values are not reset when the measurement is stopped. They are
only reset after you manually select Restart.

|
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Performing a Counter Measurement

Remote command:
COUNter<m>:SENSe:TRIGger : MODE on page 364
COUNter<m>:INITiate on page 362
COUNter<m>:ABORt on page 359

Current Result
The currently measured counter frequency.

Remote command:

COUNter<m>:READ? on page 363
COUNter<m>:FETCh? on page 361
COUNter<m>:MEASure:FREQuency? on page 362

Minimum

The minimum of all measured counter frequencies since statistics were last restarted.
Remote command:

COUNter<m>:CALCulate:AVERage:MINimum? on page 360
COUNter<m>:CALCulate:AVERage:ALL? on page 359

Maximum

The maximum of all measured counter frequencies since statistics were last restarted.
Remote command:

COUNter<m>:CALCulate:AVERage :MAXimum? on page 360
COUNter<m>:CALCulate:AVERage:ALL? on page 359

Average

The average of all measured counter frequencies since statistics were last restarted.
Remote command:

COUNter<m>:CALCulate:AVERage:AVERage? on page 359
COUNter<m>:CALCulate:AVERage:ALL? on page 359

Performing a Counter Measurement

To perform a basic counter measurement without a reference

1. Before you can perform a counter measurement, adjust the waveforms by editing
the vertical, horizontal, trigger and acquisition settings.

For details see:

e Chapter 2.2, "Vertical Setup", on page 38

e Chapter 2.3, "Horizontal Setup"”, on page 42

e Chapter 2.5, "Trigger", on page 46

e Chapter 2.4, "Acquisition Control", on page 43

2. To adjust the instrument settings to the current input signal automatically, press
AUTOSET.



Performing a Counter Measurement

Select the "Counter" mode.
Select the channel to be used as input for the counter.

Activate the first (basic) counter.
A continuous measurement starts and the signal counter indicates the measured
frequency. With each new measurement, the statistical values are updated.

To start and stop a counter measurement, press the RUN STOP key.

Optionally, activate a second basic counter.

a) Select the second counter tab.

b) Select the input channel for the counter.

c) Activate the counter.

d) Tap the second counter tab again to display both counter results simultane-
ously.

To perform a counter measurement with a second counter as a reference

1.

N o o M w

10.

Before you can perform a counter measurement, adjust the waveforms by editing
the vertical, horizontal, trigger and acquisition settings.

For details see:

Chapter 2.2, "Vertical Setup", on page 38

e Chapter 2.3, "Horizontal Setup", on page 42

e Chapter 2.5, "Trigger", on page 46

e Chapter 2.4, "Acquisition Control", on page 43

To adjust the instrument settings to the current input signal automatically, press
AUTOSET.

Select the "Counter" mode.

Select the "Counter" menu.

Select the channel to be used as input for the basic counter.
Select "Reference": "Counter 2".

Define the (nominal) "Reference Frequency" to be assigned to the value measured
on counter 2.

Activate the first (basic) counter.

A continuous measurement starts and the signal counter indicates the measured
frequency. With each new measurement, the statistical values are updated. The
second counter is also activated automatically.

Tap "Select Counter": "2".

Select the input channel for the reference counter 2. Make sure the selected chan-
nel provides a precise signal with the specified reference frequency.



Counter Settings

If the measured reference frequency deviates extremely from the specified fre-
quency, a warning is displayed.

11. Select "Restart" to reset the statistical values and start a new measurement with
the reference frequency.

The deviation of the nominal frequency to the measured frequency is internally
removed from the measured frequency. The display indicates the accurate fre-
quency of the input signal.

12. Optionally, tap the second counter tab again to display both counter results simul-
taneously.

13. To start and stop a counter measurement, press the RUN STOP key.

RUN
STOP

10.4 Counter Settings

Access: "Counter" menu

Additional settings for vertical scaling are available for Counter mode and directly
accessible via the "Counter" menu. For a description see:

® "Channel Index" on page 38
® "Probe Setting" on page 39
® "Bandwidth" on page 39

Furthermore, the logger function can be used to store counter values, see Chapter 7,
"Data Logging", on page 147.




Counter Settings

[+ { s
m—b rl‘d— Reference

Select Counter
1 2

Counter 1 n

Input Signal
€1 2
Reference
Internal  "Counter 2
Reference Frequency
10 MHz

Restart

G|
m—b é‘d— Reference

The diagram at the top of the "Counter" menu indicates how the data will be processed
using the current settings.
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Select Counter
Selects the counter to be configured.

Remote command:
Suffix for COUNter, see Chapter 14.9, "Counter Mode (R&S RTH-K33)", on page 358

Counter 1/ 2 State
Activates or deactivates the basic counter.

Remote command:
COUNter<m>:SENSe:STATe on page 364

Input Signal
Selects one of the channels as the input for the counter measurement.

Remote command:
COUNter<m>:SENSe: SOURce on page 364
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Reference
Selects the reference to be used for the counter.

"Counter 1/2" The measured value of the other counter is used as a reference.
Specify the nominal "Reference Frequency" for counter 2.
The deviation of the nominal frequency to the measured reference
frequency is internally removed from the measured frequency of
counter 1.

"Internal” An internal reference is used to determine the counter frequency.

Remote command:
COUNter<m>:SENSe:REFerence:STATe on page 363
COUNter<m>:SENSe:REFerence:VALue on page 364

Restart
Resets all statistical values and starts a new counter measurement.

Remote command:
COUNter<m>:CALCulate:AVERage:CLEar on page 359
COUNter<m>:INITiate on page 362
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11.1

Using USB Flash Drive

Documenting Results

» To access export and data functions, press the FILE key.

USB Drive Status
Usable

Eject USB-Drive
Filesystem Tools
Settings

Waveforms

Logger Records

Harmonic

ne
touch

» To configure screenshots, press and hold the key until the menu opens.

The R&S RTH can store various data to files for further analysis and reporting:

® |nstrument Settings

® Waveforms

® | ogger Records

® Screenshots

® Harmonic results (see Chapter 5.3, "Harmonics Measurement (Option R&S RTH-
K34)", on page 125).

You can also combine these data and save it to file by pressing the key: Quick

Save with OneTouch.

To check the storage devices and manage the data files, the Filesystem Tools menu
provides various functions.

Using USB Flash Drive

You can connect a USB flash drive on the right side of the instrument. If a USB flash
drive is connected, all screenshots and result data are written to this external device by
default. Instrument settings are saved on the instrument, but you can store them to the
USB flash drive as well.



R&S®Scope Rider RTH Documenting Results
________________________________________________________________________________________________________________________________________________________|

1.

To check the status of the USB flash drive, press the FILE key.

The connection status is shown on the top of the menu.

USB Drive Status
Usable

Eject USB-Drive
Filesystem Tools [ »

To remove the USB flash drive from the instrument, tap "Eject USB Drive" in the
"File" menu.

To check the file system on the USB flash drive for errors, tap "Filesystem Tools" >
"Check USB Drive".

Internal SD Card Status
Usable

Check Internal SD-Drive

USB Drive Status
Usable

Check USB-Drive

Browse Filesystem ...

Filesystem Info ...

11.2 Filesystem Tools

Access: FILE > "Filesystem Tools"

The "Filesystem Tools" help you to check the storage devices and manage the data
files.

HE
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Internal SD Card Status
Usable

Check Internal SD-Drive

USB Drive Status
Usable

Check USB-Drive
Browse Filesystem ...

Filesystem Info ...

Internal SD Card Status
Shows the status of the internal SD card.

Check Internal SD Drive
Checks the file system on the SD card for errors.

USB Drive Status
Shows the status of the USB flash drive: "Usable", "Safe to remove", or "Not available".

See also: Chapter 11.1, "Using USB Flash Drive", on page 219.

Check USB Drive
Checks the file system on the USB flash drive for errors.

See Chapter 11.1, "Using USB Flash Drive", on page 219.

Browse Filesystem

Opens a file explorer, where you can check the files on the SD card and on the USB
flash drive. You can rename and delete files, and create folders. Some options help to
navigate and select files.

Explore

Path | ® /media

Delete & New Folder Rename Options

Files Size
B SD
B USB1

Filesystem Info
Shows the overall and free space that is available on the connected storage devices.

Internal SD card: Size 3773 MB, 3673 MB free.
e USB drive: Size 3833 MB, 3204 MB free.
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11.3 Instrument Settings

To repeat measurements or tests at different times or perform similar measurements
with different test data, you can save the used configuration settings for later use. Fur-
thermore, it can be helpful to refer to the configuration settings of a particular measure-
ment when analyzing the results. Therefore, you can easily save the complete mea-
surement configuration including the display settings.

The R&S RTH provides two ways to store the measurement configuration:

® Save as fast setting

® Save as saveset

11.3.1 Using Fast Settings

The R&S RTH has 8 slots to save and load often used configuration settings very
quickly.

X

Fast Settings

Press F1 - F8 to recall Fast Setting, press long to set Fast Setting ...

F1 F2 F3 F4
2015-10-09 1  (Empty) (Empty) {(Empty)

04942

F5 Fo F? F8
(Empty) (Empty) (Empty) {(Empty)

To save the current setting as fast setting
1. Press the SHIFT key.

2. Tap and hold one of the storage slots F1...F8.

The online keyboard opens.
3. Type the settings name and tap <.

The configuration settings are saved to the slot.

To load a fast setting
1. Press the SHIFT key.
2. Tap the storage slot that holds the required configuration.

The settings are loaded.

Alternatively, you can save and load fast settings in the "File" menu: FILE > "Settings"
> "Fast Settings".
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11.3.2 Saving and Loading Savesets

You can save and reload an unlimited number of configuration setups. By default, the
settings are stored on the microSD card in the following directory:

media/SD/Rohde-Schwarz/RTH/SaveSets

The storage location can be changed. The file format is XML.

To save the current settings in a saveset

1. Press the FILE key.

2. Tap "Settings".

3. The current storage location is shown in "Setting Directory".

e To store the file under a default name in the specified directory, tap "Save Set-
ting".

e To store the file in another directory and/or with a user-defined filename, tap
"Save Setting As". Select the path, directory, and enter the filename.

To load and display a saveset
1. Press the FILE key.
2. Tap "Settings".

3. The current storage location is shown in "Setting Directory".

e To load a file from the specified directory, tap "Load Setting".

e To load a file from another directory, tap "Setting Directory" and change the
directory.
Tap "Load Setting".

4. Select the file to be loaded.
El Description of settings
Load Setting

Save Setting

Save Setting As

Setting Directory
le-Schwarz/RTH/SaveSets
Filename Base

Settings

Fast Settings  [»

HE
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Waveforms

Load Setting
Opens the specified directory. Tap the file to be loaded.

Save Setting
Saves the settings to the specified directory with a default flename. The filename pat-
ternis: <filename base> <date> <time>.xml.

Save Setting As
Opens a file selection dialog. Navigate to the target directory and enter the filename.
Tap "Save" to store the file.

Setting Directory
Sets the directory to which the settings are stored with the "Save Setting" function.

Filename Base
Defines the first part of the filename. The complete filename pattern is:
<filename base> <date> <time>.xml.

11.4 Waveforms

Analog channel and math waveforms can be saved in several ways:

® As reference waveforms for later use on the instrument: "Ref" menu. See: Chap-
ter 3.5, "Reference Waveforms", on page 87

® |n CSV file on a USB flash drive or internal SD card for further analysis using other
applications: FILE > "Waveforms". This way is described in the current chapter.

If you want to save many waveforms, you can assign the function to the key. See:
Chapter 11.6, "Quick Save with OneTouch", on page 230.

11.4.1 Exporting Waveforms to File

The waveform export provides the following possibilities:
® Store either one waveform or all active waveforms.
® Include time values.

® Option R&S RTH-K15: Save history data.

® Option R&S RTH-B1: Save logic channels.

If a USB flash drive is attached, the file is stored there. Otherwise, the file is stored in
the Export folder on the microSD card.

1. Activate the waveforms that you want to export.
2. Press the FILE key.

3. Select "Waveforms".
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4. Tap "Select Waveform" and select one waveform for export, or select all active
waveforms.

5. Select the "File Format"

6. Check the "Waveform Directory", the "Filename Base", and the "CSV Column
Delimiter". Adjust if necessary.

7. If you need time information for analysis, enable "Store with Time".
8. If you want to save history data, enable "Save History".

9. Tap "Save Waveform".

All export settings are described in Chapter 11.4.2, "Waveform Export Settings",
on page 225.

11.4.2 Waveform Export Settings

Access: FILE > "Waveforms"

Select Waveform
C1

Save History

File Format
sy

™ save Waveform

™ save Waveform As...

Waveform Directory (USB)
[media/USB1

Filename Base

Waveform

Store with Time —E

CSV Column Delimiter
Comma v

Select Waveform

Select the waveform to be exported. You can export:
® A single analog channel or math waveform

® All active digital channels

® All active waveforms at once

Remote command:
EXPort:WAVeform: SOURce on page 425
EXPort:WAVeform:MULTichannel on page 426

HE
User Manual 1326.1578.02 — 08 225



Waveforms

Save History

This function is only available if option R&S RTH-K15 is installed. It includes the wave-
form history in the data export. If acquisition is running, enabling "Save History" stops
the acquisition. History data is always saved in "Compressed CSV" files.

For details, see Chapter 3.7.4, "Exporting History Data", on page 96

File Format
Selects the format of the export file.

"CSV" Comma-separated values (CSV) text file, the waveform is stored in a
table. The columns are separated by commas or another delimiter.
For each sample, one line is written. Values are listed in scientific
notation. You can convert the comma-separated text to columns.

"Compressed  ZIP file that contains one or more CSV files. This format reduces the
csv" file size.

Remote command:
EXPort:WAVeform:NAME on page 425

Save Waveform / Save Waveform As
Save the waveform data. The functions are available if the instrument is in a waveform
mode ("Scope”, "XY", "Mask", "Roll", "Mask").

"Save Wave- Saves the file in the defined "Waveform Directory" using the auto-
form" naming pattern.

"Save Wave-  Opens a file explorer where you can select the directory and enter the
form As" filename.

Remote command:
EXPort:WAVeform: SAVE on page 427

Waveform Directory
Defines the directory where the waveform files are stored. If a USB flash drive is con-
nected, the instrument stores the data to this external device by default.

Remote command:
EXPort:WAVeform:NAME on page 425

Filename Base
Defines the first part of the filename. The complete filename pattern is:

<filename base> <date> <time>.csv|zip.

Remote command:
EXPort:WAVeform:NAME on page 425

Store with Time
Includes horizontal values in the export data (time values).

Remote command:
EXPort:WAVeform: INCXvalues on page 426
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CSV Column Delimiter
Selects the column delimiter for CSV files. You need to know the delimiter when you
convert the CSV text to columns in a spreadsheet.

11.4.3 Waveform Export Files

Waveform data is stored in CSV or compressed CSV format.

A CSV file is a comma-separated values (CSV) text file, the waveform is stored in a
table. The columns are separated by commas or another delimiter. For each sample,
one line is written. Values are listed in scientific notation. You can convert the comma-
separated text to columns.

11.4.3.1 Content of Waveform Files

The first lines of the file contain header data, for example, time scale, vertical scale,
vertical and horizontal positions. Header data is required to interpret the waveform
data, and to analyze the data values of the data file.

Model RTH1002
SerialNumber
Firmware Yersion 1.20.3.2"

Timestamp

Waveform Type ANALOG Waveforrn Type ANALOG Waveform Type DIGITAL
Acguisition Mode  SAMPLE

Harizontal Unit H Horizantal Unit 3 Horizontal Unit s
Horizontal Scale 50008 Horizontal Scale 5 00E-08 Horizontal Scale  5,00E-08
Horizontal Position ] Horizontal Position 0 Horizontal Position 1}
Refarence Point 50% Reference Point 50% Reference Point a0%
Sample Interval 4,00E-10 Sample Interval 4 DOE-10 Sample Interval B 67E-05
Record Length 1250 Record Length 1250 Record Length 750
Probe Setting 1:1 20:1

Wertical Unit W W Wertical Unit Wiy Wertical Unit

“ertical Scale 0.0z 1 Wertical Scale Threshold 1.4 1.4 1.4 1.4
Yerical Position ] 1}

Wertical Offzet u] 0

CHI1 CH2 MATH=-C 1= D7 D& D5 D4
0000627 0.0471 -0.000627 1} 1} o 1}
00057 -0.0471 0.00157 0 0 0 0
-0.00314  -0.0471 0.00314 0 0 1] 0
-0.00433  -0.0471 0.00433 i} i} u] i}
-0.00533  -0.0471 0.00533 0 0 0 0
-0.00652  -0.0471 0.00652 1 1 1 1
-0.00784  -0.0471 0.00754 1 1 1 1
-0.00847  -0.0471 0.00547 1 1 1 1

Figure 11-1: Waveform data file with voltage values, text converted to columns

By default, only Y-values are stored. You can include the time values in the file.
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Model RTH1002

SerialMurmber

Firmware %ersion '1.20.3.2'

Timestamp

Waveform Type ANALOG Waveform Type ANALOG

Acquisition Mode  SAMPLE

Harizantal Unit s Horizantal Unit s

Harizontal Scale 5.00E-08 Horizontal Scale 5.00E-08

Horizontal Position 0 Horizontal Position 0

Reference Point 50% Reference Point 50%

Sarnple Interval 4.00E-10 Sarnple Interval 4.00E-10

Record Length 1250 Record Length 1250

Probe Setting 11 20:1"

“ertical Unit W N Wertical Unit Widiv

Yertical Scale 0.02 1 Yertical Scale

“ertical Position 0 1}

“ertical Offset 0 0

TIME CH1 CH2 TIME MATH=-C1=
-250E-07 0.000627  0.0471 -260E-07  -0.000627
-280E-07 -0.00157 -0.0471 -2.850E-07 0.00157
-249E-07 -0.00314  -0.0471 -2 49E-07 0.00314
-249E-07 -0.00439 -0.0471 -2 49E-07 0.00439
-245E-07  -0.00533 -0.0471 -2 48E-07 0.00533
-248E-07  -0.00k55  -0.0471 -2 48E-07 0.00659
-248E-07 -0.00784  -0.0471 -2 48E-07 0.00734
-247E07 -0.00847 -0.0471 -2 4TEO7 0.00847

Waveform Type

Harizantal Unit
Harizontal Scale
Horizontal Position
Reference Point
Sample Interval
Record Length

Wertical Unit
Threshald

TIME
-2 50E-07
-2 ABE-07
-2 48E-07
-2 4BE-07
-2 47E-OF
-2 A7EO7
-2 4BE-07
-2 45E-07

o7

Documenting Results

DIGITAL

4.00E-08

1]
0%

6.67E-10

780

1.4

[0s)

D5 D4

= AL=1=1 = =
— s mooooo
= = =0 0000

Figure 11-2: Waveform data file with voltage and time values, text converted to columns

If the acquisition mode is envelope or peak detect, two values (minimum and maxi-
mum) are written for each sample. The file contains two columns for each active ana-

log channel.

Maodel
SerialMumber
Firrmacare “Wersion

RTH1002

Timestamp
Waveform Type ANALOG
Acguisition Mode  EMNYELOFE

Horizontal Unit 5

Horizontal Scale 1.00E-07
Horizontal Position 1.06E-22
Reference Paint a0%
Sample Interval 4.00E-10
Record Length 2500
Probe Setting 1.1
“ertical Unit 1
“aertical Scale 0.05
Yertical Fosition 0
Yertical Offzet 0
CHT b
0.0243
0.02:59
0.0275
0.023
0.0255
0.0314
00322

1.30.1.11_Beta’'

T1 200 20
W k4 K
0.05 0.04 0.04
1] 1] 1]
1] a 1]
CHT MIM  CHZ2 MAX CH2 MIN

00251 -0.0295 -0.0696
0.0227 0.08%6  0.0307
0022 00709 00295
00212 0.08%6 0.0307
00196 0.06%6 0.0289
00196 0.08%6 0.0295
0018 006856 0.0301

YWavefarm Type

Horizontal Unit
Horizontal Scale

Horizontal Position

Reference Foint
Sample Interval
Record Length

“ertical Lnit
“artical Scale

ANALDG

1.00E-07
1.06E-22
a0%
4.00E-10
2500

iy

MATH=-C1=
-0.0243
-0.0259
-0.0275

-0.029
-0.0293
-0.0314
-0.0322

Figure 11-3: Waveform data file with two voltage values per sample, acquisition mode is envelope

228

B == A= = ===
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11.4.3.2 Header Data

Waveforms

The header lines contain the following properties:

Value

Description

Timestamp

Only for history export

Waveform Type

ANALOG for analog channel signals and math waveforms, DIGITAL for logic
signals

Acquisition Mode

Acquisition mode that has been used: sample, peak detect, high resolution,
average, envelope. If peak detect or envelope is set, two values (minimum and
maximum) are written for each sample.

Only for analog channels.

Horizontal Unit

s, second

Horizontal Scale

In s/div

Horizontal Position

Distance of the trigger point from the reference point.

Reference Point

Position in the diagram: left = 10%, middle = 50%, and right = 90%

Sample Interval

Time between two samples

Record Length

Number of samples, corresponds to the number of data lines in the file

Probe Setting

Attenuation factor of the connected probe, only for analog channels.

Vertical Unit

VorA

Vertical Scale

In V/div or A/div, only for analog channels and math waveforms.

Vertical Position

In divisions, only for analog channels

Vertical Offset

In V or A, only for analog channels

Threshold

Only for digital channels

11.4.3.3 Converting CSV to Excel Files

If you open an exported CSV file in Excel or another spreadsheet, all data is written in
one column. The value delimiter is usually a comma, but you can select another delim-
iter in the export settings. As an example, the following procedure describes text con-
version to columns in Excel. Other spreadsheet applications provide similar features.
Make sure to select the correct text delimiter, decimal separator and thousands sepa-

rator.

1. Open the CSV file in Excel.

w0 DN

Click the column header "A" to select all data.
On the "Data" ribbon, click "Text to Columns".

Select the data type "Delimited".
Click "Next".

5. Select the delimiter that you have used in the export file (usually a comma).




Quick Save with OneTouch

Click "Next".
6. Click "Advanced".

7. Select the point as decimal separator and the comma as thousands separator.

Acbvanced Text Import Settings

Settings wsed to recognize numeric data

Decimal separatar: I:E
Thowsands separator: EE

Mote: Mumbers will be displayed using the numeric
seftings specified in the Regional Settings contral panel,

8. Click "Finish".

11.5 Logger Records

See Chapter 7.6, "Logger Records", on page 156.

11.6 Quick Save with OneTouch

The key initiates one or more assigned saving actions. By default, the key saves a
screenshot.

If OneTouch is enabled, you can assign the following actions to the key:

® Save a screenshot

® Save waveforms

® Save harmonic measurement results (requires option R&S RTH-K34)

® Save spectrum analysis results (requires option R&S RTH-K18)

® Save settings

® Add a comment to the saved file.

Access: FILE > "one touch", or "Screenshot" menu > "one touch"
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€& save OneTouch

OneTouch Directory (USB)
[media/USB1

Screenshot
Waveform

Setting

Comment

Filename Base
OneTouch

One touch

Switches the function of the 1 key:

® |f OneTouch is disabled, the key saves a screenshot of the current display.

® |f OneTouch is enabled, the key can also save waveform data and settings in
addition to the screenshot.

Save OneTouch
Saves the selected data to a ZIP file.

OneTouch Directory
Defines the directory where the OneTouch ZIP files are stored. If a USB flash drive is
connected, the instrument stores the data to this external device by default.

Screenshot, Waveform, Setting
Select the data that you want to include in the OneTouch file.

Comment

If enabled, you can enter a comment when you save a OneTouch file. The comment is
written to a text file, which is included in the ZIP file. Furthermore, the first 10 charac-
ters of the comment are added to the ZIP filename.

Filename Base
Defines the first part of the filename. The complete filename pattern is:

<filename base> <date> <time> <commentlOch>.zip.
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11.7 Screenshots

You can create and save sceenshots of the current display of your waveforms and
measurement results. If a USB flash device is connected to the R&S RTH, the instru-
ment saves the screeenshot to the USB flash drive. Otherwise, the screenshots are
saved on the microSD card.

i) To save the current display in a screenshot:
1. Press the FILE key.
2. Disable "One touch".

3. Pressthe key each time when you want to save a screenshot.

To configure the sceenshots:

» Press and hold the key until the menu opens, or open the "Screenshot" menu
using the "Menu" button.

You can also view all saved screenshots directly on the instrument.

11.7.1 Screenshot Settings

Access: "Screenshot" menu
New screenshot

Yiew screenshots

Inverse —m

Black and white —m

Filename Base
Screenshot

File format
PNG

New screenshot
Saves the current display in a new screenshot.

Remote command:
HCOPy:IMMediate on page 430

View screenshots
Displays the last saved screenshot. You can browse all screenshots that are saved.

Inverse
Inverts the colors of the output, i.e. a dark waveform is printed on a white background.

HE
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Remote command:
HCOPy:INVerse on page 430

Black and White
Creates a black and white screenshot.

Remote command:
HCOPy:COLor on page 430

Filename base
Defines the prefix of the file name. By default, the filename has the prefix "Screen-
shot_".

Remote command:
MMEMory : NAME on page 430

File format
Defines the format of the screenshot file. The following formats are available:

® PNG: Portable Network Graphics is a graphic format with lossless data compres-
sion.

® JPG: compressed file format, compression according to to JPEG standard

® BMP: BitMaP is an uncompressed format, files are large and saving might take
some time.

® TIFF: Tagged Image File Format, often used in publishing companies and print
processing.

Remote command:
HCOPy:LANGuage on page 430
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12 General Instrument Setup

The general instrument settings are available in all operating modes.

12.1 Resetting the Instrument

Reset is helpful if the instrument is in undefined condition and cannot be operated.

» To switch off the instrument and reset the hardware, press the © power key for 5
seconds.

» To restore the factory settings, hold down the PRESET key during the boot proc-
ess.

12.2 Disabling the Touchscreen

If you use the instrument in an environment with immissions considerably higher than
specified, the immissions can affect the touch sensitivity of the screen. In this case,
operate the instrument using the keys and the wheel and disable the touchscreen.

» To disable the touchscreen, press the SHIFT key for 2 seconds.

12.3 Selfalignment

Access: E or "Setup" menu > "Selfalignment"

The self-alignment aligns the data from several input channels vertically and horizon-
tally to synchronize the timebases, amplitudes and positions.

The R&S RTH1002 provides an additional, separate self-alignment of the meter inputs.

Recommendation on performing the self-alignment:

® When putting the instrument into operation for the first time
e After a firmware update

® Once a week

® When major temperature changes occur (> 5°)
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Warm-up and prepare the instrument

Make sure that the instrument has been running and warming up before you start the
self-alignment. The minimum warm-up time is indicated in the data sheet.

Before the self-alignment, remove all probes, leads, and other connected lines from the
instrument input.

Selfalignment

i Last performed
Select Alignment Step: SCLAII: - b

wps Ok 00.00.0000 (00:00:00)

Scope Vertical Only SADRadix ok
State
Full Interleave Ok
SADRadixAB Ok Passed
Iso Ok
Vertical Ok

Start Selfalignment DM Ok

Before starting the selfalignment:

Remove all signal lines, probes or other connectivity from the instrument inputs.
tiake sure that nothing is plugged in while the alignment process is running.
The selfalignment may take up to: 15 minutes.

Figure 12-1: Self-alignment in scope mode

» To start, tap "Start Selfalignment".

The alignment can take up to 15 minutes. The results are shown in the "Selfalign-
ment" dialog box.

R&S RTH1002: Self-alignment of DMM inputs

If the instrument is in "Meter" mode, you can choose to align all inputs, or only the
meter inputs. The self-alignment of the meter inputs takes up to 30 seconds, while the
complete self-alignment takes up to 15 minutes.
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Selfalignment

i Last performed
Select Alignment Step: LI m p ( )
00.00.0000 {00:00:00

DA Only SADRadix Ok
State

Full Interleave Ok

SADRadixAB Ok Passed
Iso Ok
Vertical Ok

Start Selfalignment DM ok

Before starting the selfalignment:
Remove all signal lines, probes or other connectivity from the instrument inputs.
tiake sure that nothing is plugged in while the alignment process is running.
The selfalignment may take up to: 30 seconds.

12.4 Setting the Date, Time and Language

The instrument has a date and time clock. You can adjust the clock to the local time,
and you can select the display language. Supported languages are listed in the data
sheet. The help is provided in English.

A reboot of the instrument is not necessary.
Set date and time

USB/LAN [>
Display

WirelessLAN | » (p

Screenshot

% User interface langueae '_'j

English

Options e

Maintenance

HE
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Set display language

Chinese Simplified  Korean USB/LAN [>

English Portuguese Wireless LAN  |»

German Russian

. . Timeand Date  [»
Italia Spanish

User interface language
English e\

Japanese,
Options

Maintenance

El Description of settings

User Interface Language
Select the language in which the functions and messages are displayed. Supported
languages are listed in the data sheet. The help is provided in English.

The instrument changes the language after a few seconds, a reboot is not required.
Time
Set the local time in the following order: hours / minutes / seconds.

Remote command:
SYSTem:TIME on page 437

Date
Set the date in the following order: year / month / day.

Remote command:
SYSTem:DATE on page 436

12.5 Instrument Settings

Access: 3 or "Setup" menu
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Enable Touch n

Selfalignment  |»
Selftest [»
USB/LAN [»
Wireless LAN ~ [»

Time and Date  |»

User interface language
English v

Options [»

Maintenance  |»

Firmware Update
I Open File ...

Enable Touch
Switches the touch functionality of the screen on or off. Alternatively, you can press the
SHIFT key for 2 seconds.

If you use the instrument in an environment with immissions considerably higher than
specified, the immissions can affect the touch sensitivity of the screen. In this case,
operate the instrument using the keys and the wheel and disable the touchscreen.

Remote command:
DISPlay:MOUS on page 438

Selfalignment
See Chapter 12.3, "Selfalignment", on page 234.

Selftest
The self-test checks the hardware of the instrument. It is intended for service tasks.

USB/LAN
See Chapter 13.1, "LAN Connection", on page 245 and Chapter 13.2, "USB connec-
tion", on page 247.

Wireless LAN
See Chapter 13.3, "Wireless LAN Connection (Option R&S RTH-K200/200US)",
on page 247.

Time and Date
See Chapter 12.4, "Setting the Date, Time and Language", on page 236.
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User Interface Language
See Chapter 12.4, "Setting the Date, Time and Language", on page 236.

Options
See Chapter 12.7, "Options", on page 240

Maintenance

The "Device Info" tab provides service information for your R&S RTH. If you need sup-
port, you may be asked to provide this information. Here you can also read the "Open
Source Acknowledgment", which provides verbatim license text of open source soft-
ware that is used in the instrument's firmware.

The "Service" tab allows the service personnel to enter a password that activates fur-
ther service functions.

Firmware Update
See Chapter 12.8, "Updating the Firmware", on page 243.

12.6 Display Settings

Access: "Display" menu

Contrast mode _m

Persistence type
off
Persistence time
50 ms

Grid mode
Lines v

Brightness
50

Show Probe Settings
1s v

Display Off After
5 mins v

Contrast Mode
If enabled, the waveforms are displayed in black color on white background.

Remote command:
DISPlay:CONTrast on page 438

Persistence Type
Defines how long every new data point remains on the screen.

"Off" Deactivates persistence.
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Options
"Time" Data points remain on the screen for the duration defined with Persis-
tence Time.
"Infinite" Data points remain on the screen infinitely until persistence is set to
"Off".

Remote command:
DISPlay:PERSistence[:TYPE] on page 437

Persistence Time
User-defined persistence time if "Persistence Type" is "Time". Each new data point
remains on the screen for the duration defined here.

Remote command:
DISPlay:PERSistence:TIME on page 438

Grid Mode

Defines the grid display. A grid helps you identify the position of specific data points.
"Off" No grid is shown.

"Dots" Dots mark the intersections of the gridlines.

"Lines" Displays the grid as horizontal and vertical lines.

Brightness

Changes the brightness of the touchscreen.

Show Probe Settings
Defines how long the probe settings of active channels are shown when you press a
channel key. The settings are shown on the top of the display.

The probe settings are always shown as long as the "Vertical" menu is open.
Display Off After

Defines when the display switches off if it is not used. Switching off the display saves
energy and prolongs the battery's operating time.

Options

All options are activated by license keys. No additional installation or hardware change
is required.

Unregistered licenses

Unregistered licenses are not assigned to a particular instrument. The instrument
accepts only registered licenses. If your license is delivered unregistered, use the
online tool R&S License Manager to register the license for your instrument. The regis-
tration of a permanent license is irreversible, so ensure that you register it for the cor-
rect instrument. The address of the tool is https://extranet.rohde-schwarz.com/service.

The "Active options" tab provides information on installed software options. Here you
can install new options or deactivate existing options using license keys.


https://extranet.rohde-schwarz.com/service

R&S®Scope Rider RTH General Instrument Setup

Active options  Inactive options  Deactivated options

Description Activation type Valid until
K1 12C/SPI Trigger & Decode Permanent
K2 UART/RS232 Trigger & Decode Permanent
B1 Mixed-Signal-Opt. 250 MHz Permanent
B242 200 MHz Option, RTH1004 S ENTE S
K19 Advanced Trigger Permanent
K200 Wireless LAN Permanent

'Required information to order an option Install a new option

| Material number  1317.5000K04 | [ |Enter new option key '
Serial number 900079

Device ID 1317.5000K04-900079-Fw I& Install from file ...

The "Inactive options" tab lists all deactivated and expired options.

Active options  Inactive options Deactivated options

Description Activation type  Valid until Remark
K200 Wireless LAN Permanent - deactivated

The "Deactivated options" tab shows all deactivated options with their deactivation
information and provides a function to export the deactivation response. The response
is required by the R&S License Manager.
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Active options  Inactive options ~ Deactivated options

Description Key Response

K200 Wireless LAN 010263902420031714993030926¢04690C3456E8B8B6B

™ Export deactivation response ...

12.7.1 Activating Options

Consult your sales representative and provide the material number, serial number, and
the device ID of your instrument to get a license key. You find this information in E3 >
"Options" > "Active options".

The license key is provided in written form or in a file. Unregistered licenses must be
registered in the R&S License Manager before they can be activated on the instru-
ment.

1. If you received the option key in a file, save the file to a USB flash drive, and con-
nect the drive to the R&S RTH.

2. Press the EXd key.

3. Select "Options", and select the "Active options" tab.
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Active options  Inactive options Deactivated options

Description Activation type Valid until
K1 12C/SPI Trigger & Decode Permanent
K2 UART/RS232 Trigger & Decode Permanent
B1 Mixed-Signal-Opt. 250 MHz Permanent
B242 200 MHz Option, RTH1004 Permanent
K19 Advanced Trigger Permanent
K200 Wireless LAN Permanent

Required information to order an option Install a new option

| Material number  1317.5000K04 | [ |Enter new option key '
Serial number 900079

Device ID 1317.5000K04-900079-Fw & Install from file ...

4. |If you received a key in written form, enter the key in the "Enter new option key"
field.
If you received a key in digital form as a file, tap "Install from file", select path /
media/USB1, and select the option key file.

5. If you want to activate several options, repeat step 3 for each option.

6. Restart the instrument.

12.8 Updating the Firmware

Your instrument is delivered with the latest firmware version. Firmware updates are
provided on the Internet at www.rohde-schwarz.com/product/rth.html > "Downloads" >
"Firmware". Along with the firmware file, you find the Release Notes describing the
improvements and modifications.

Make sure to update the firmware if a new version is available.

1. Download the firmware installation file RTH* . rs1i, and save it to a USB flash drive.

2. Connect the USB flash drive to the USB connector on the right panel of the instru-
ment.

3. Press El
4. Scroll down the menu and tap "Open File" under "Firmware Update".

5. Select the firmware file.
If you cannot see the RTH* . rsi file, select the path /media/UsB1, and the folder
that contains the file.

6. Tap "Select".
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Updating the Firmware

7. Tap"Yes"

The firmware update starts. Wait until the update has finished. The instrument
restarts automatically.
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13 Network Connections

This chapter describes the setup of network connections.

There are several ways to connect the R&S RTH to a computer:

® Connect the instrument to a local area network (LAN), usually the company net-
work. For this connection, ethernet technology is used.
LAN connection is used for remote operation using the web interface option
R&S RTH-K201, for remote control using SCPI commands, and for data transfer.

® Connect the instrument directly to a computer using USB.
The direct USB connection is used for remote control using SCPI commands.

® Connect the instrument to the wireless LAN (requires option R&S RTH-K200).
You can operate the instrument remotely using a web browser on the computer or
mobile device.

13.1 LAN Connection

1. Connect the LAN cable to the LAN connector on the right panel of the instrument.
Press the EX key.
Select "USB/LAN".

A w0 DN

Select "Interface" = "Ethernet". By default, DHCP is used and all address informa-
tion is assigned automatically.

5. Note the IP address, which is required to address the instrument in the network.
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E' Description of settings

Interface
Ethernet

Status

Ready (Eth. connected)

Hostname
RTH-900079

DHCP 1

IP Address (DHCP)
10.113.1.159
Subnet mask (DHCP)
255.255.252.0
Gateway (DHCP)
10.113.0.1

DNS Server (DHCP)
10.0.2.166

MAC Address
00:90:B8:1D:E4:70

Interface
Select LAN or USB connection.

Status
Shows the connection status.

Hostname
Shows the computer name of the instrument.

In a LAN that uses a Domain Name System server (DNS server), each computer or
instrument can be accessed using a unique name instead of the IP address. The DNS
server translates the host name to the IP address. The host name is useful when a
DHCP server is used, as a new IP address is assigned each time the instrument is
restarted.

The default name is RTH-<serial_number>. You can change the name, but make sure
that the name is unique in the LAN.

DHCP

Enables dynamic TCP/IP configuration using the Dynamic Host Configuration Protocol
(DHCP). If DHCP is on, all address information is assigned automatically. Disable
DHCP if the network does not support this protocol.

IP Address, Subnet mask, Gateway, DNS Server
Shows the IP address and other address information for LAN connection.
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13.2

13.3

If the network supports DHCP, the DHCP server assigns these parameters. It is safe to
establish a connection to the LAN without any previous instrument configuration.

If DHCP is not supported, enter the address information manually (static address).

Note: Risk of network errors. Connection errors can affect the entire network. If your
network does not support DHCP, or if you disable DHCP, make sure to assign valid
address information before connecting the instrument to the LAN. To obtain a valid IP
address, subnet mask, and gateway, contact your network administrator.

MAC Address
Shows the media access control address (MAC address), a physical address and a
unique identifier of the instrument.

USB connection

The USB device connector is intended to connect a computer directly to the instru-
ment. You need a VISA communication tool installed on the computer to control the
instrument using remote commands.

1. Connect a USB cable to the USB mini-B connector on the right panel of the instru-
ment, and to a computer.

2. Press the EX key.

3. Select "USB/LAN".

4. Select "Interface" = "USB".
The instrument shows the connection status.

5. When the computer detects the connected instrument, the drivers are automatically
installed, and a message is displayed.
The drivers are VI drivers

6. Open the Device Manager on the computer and check if the connected instrument
is shown.

Wireless LAN Connection (Option R&S RTH-
K200/200US)

Using the wireless LAN option R&S RTH-K200/200US, you can control your instrument
with a portable device. Thus, you can perform dangerous measurements without risk.

When the instrument is connected to the portable device, the waveform display and
user interface of the R&S RTH are directly available in the web browser. All settings
can be changed in the browser, no software installation is required.
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There are two ways to connect via wireless LAN:

® Usually, the R&S RTH is the access point and you set up connection on the porta-
ble device.

® The R&S RTH is the client that connects to a router or access point.

R&S RTH and the mobile device can be disturbed by various influences, for example,

6 As any other wireless LAN connection, also the WLAN connection between the
interfering signals.

To enable wireless LAN
1. Press the EX key.
2. Tap "Wireless LAN".

3. Only for option R&S RTH-K200: Select the "Country", where you use the instru-
ment.
The list contains all countries where the wireless LAN option has been approved.
You also can find the list in the data sheet.

4. Enable "Wireless State".

Now you can connect the instrument.

To use the instrument as access point
1. Press the E3 key.
2. Tap "Wireless LAN".

3. Only for option R&S RTH-K200: Select the "Country", where you use the instru-
ment.
The list contains all countries where the wireless LAN option has been approved.
You also can find the list in the data sheet.

4. Select "Wireless Mode" = "Access Point" in the "Wireless LAN" menu.

5. If you connect for the first time, change the default "Passphrase”. You can also
change the identifier of the instrument, the "SSID".

6. Enable "Wireless State".

7. On your portable device, set up the connection to the instrument. Select the SSID,
and enter the passphrase.
The detailed procedure is described in the documentation of your portable device.
To use the instrument as client
1. Press the E2 key.
2. Tap "Wireless LAN".

3. Only for option R&S RTH-K200: Select the "Country", where you use the instru-
ment.
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The list contains all countries where the wireless LAN option has been approved.
You also can find the list in the data sheet.

4. Select "Wireless Mode" = "Client" in the "Wireless LAN" menu.

5. Enable "Wireless State".

The "Choose Access Point" window opens.
6. Tap the "SSID" of the required router.

7. Enter the password of the required router in "Passphrase”.

The connection status is shown in "Status"
EI Description of settings

Wireless State r

Wireless Mode

SsID
RTH-900031

Passphrase

fmORg7VD

Status

Access point ready
IP Address
192.168.0.1

MAC Address
00:90:B8:1E:9D:88

Country
Select the country, where you use the wireless LAN. The list contains all countries
where the wireless LAN option has been approved.

Only available in option R&S RTH-K200.

Wireless State
Enables or disables wireless LAN access.

Wireless Mode
Selects the wireless LAN function of the instrument. It can serve as access point or as
client.

Remote command:
SYSTem:COMMunicate:WLAN:MODE on page 438

SSID
Shows the wireless LAN identifier of the instrument. You can change the identifier.
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Passphrase
Shows the wireless LAN password of the instrument. You can change the password.

Status
Shows the connection status and activities.

IP Address
Shows the IP address of the instrument. You need this address to set up connection
on the portable device.

MAC Address
Shows the media access control address (MAC address), a physical address and
unique identifier of the instrument.

13.4 Web Interface (Option R&S RTH-K201)

If the R&S RTH is connected to a computer via LAN or WLAN (with option R&S RTH-
K200/200US), you can operate the instrument from the computer. No additional tools
are required, you need only a web browser that supports HTML5. Thus, you can use

your smartphone or tablet to operate the oscilloscope remotely.

1. Open a web browser on the computer or mobile device.

2. Type the instrument's host name or IP address in the address field of the browser,
for example, http.//10.133.10.203.

The instrument's homepage is shown.

Using the web interface, you can:
® Display a screenshot of the current instrument display.

® QOperate the instrument using the menus on the emulated display.
This view is designed for small devices, for example, smartphones.

® Operate the instrument using the emulated front panel.
You see a live image of the instrument. You can use the keys, the wheel and the
menus in the same way as directly on the instrument.

® Organize the data that is saved on the instrument.
You can download files to the computer, upload files to the instrument, delete and
rename files, and create folders.

The instrument is connected to the Web interface using http. Encrypted access using
https is not available. The usual risks of unsecured web connection exist also to the
connction of the R&S RTH.




Mode

14 Remote Control Commands

14.1

14.2

Conventions used in Command Description

Note the following conventions used in the remote command descriptions:

Command usage

If not specified otherwise, commands can be used both for setting and for querying
parameters.

If a command can be used for setting or querying only, or if it initiates an event, the
usage is stated explicitly.

Parameter usage

If not specified otherwise, a parameter can be used to set a value and it is the
result of a query.

Parameters required only for setting are indicated as Setting parameters.
Parameters required only to refine a query are indicated as Query parameters.
Parameters that are only returned as the result of a query are indicated as Return
values.

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

Asynchronous commands

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

Reset values (*RST)

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

Default unit

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

Mode

OP[:MODE] <OperationMode>

Sets the operating mode of the instrument.

Parameters:
<OperationMode> YT | XY | MASK | ROLL | METer | FFT | LOGGer | COUNter |

PROTocol | HARMonic | SPECtrum
*RST: YT (scope mode)
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14.3.1

14.3.2

Waveform Setup

Waveform Setup
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Automatic Setup

AUToscale
Performs an autoset in scope mode.

Usage: Event

Vertical Setup

The channel suffix <m> selects the channel for which the command is executed. The
number of channels depends on the instrument type. The R&S RTH1004 has 4 chan-
nels, the suffix values are 1| 2 | 3 | 4. The R&S RTH1002 has 2 channels, the suffix
values are 1| 2.

Set the attenuation factor of the probe manually on the display when you attach the
probe: "Vertical" > "Probe Setting". There is no remote command for probe setup.

Make sure to set the attenuation factor on the instrument according to the probe being
used. Otherwise, the measurement results do not reflect the actual voltage level, and
you might misjudge the actual risk.
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CHANnNel<m>:STATe <State>

Switches the channel signal on or off.
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Suffix:

<m> 112 (RTH1002), 1..4 (RTH1004)
Parameters:

<State> ON | OFF

*RST: OFF

CHANnel<m>:SCALe <Scale>

Sets the vertical scale (vertical sensitivity) of the indicated waveform.

Suffix:

<m> 112 (RTH1002) , 1..4 (RTH1004)
Parameters:

<Scale> Scale value, given in Volts per division

Range: 2E-3 to 100
Increment: 1E-3
*RST: 0.05
Default unit: V/div

CHANnel<m>:RANGe <Range>

Sets the voltage range across the 8 vertical divisions of the diagram. Use the com-
mand alternatively to CHANnel<m>:SCALe.

Suffix:

<m> 1|12 (RTH1002) , 1..4 (RTH1004)
Parameters:

<Range> Voltage range value

Range: 0 to 800E+3
Increment: 10E-6

*RST: 0

Default unit: V

CHANnNel<m>:POSition <Position>

Moves the selected signal up or down in the diagram. The position is a graphical set-
ting given in divisions, while the offset sets a voltage.

Suffix:
<m> 112 (RTH1002) , 1..4 (RTH1004)
Parameters:
<Position> Position value, given in divisions.
Range: -4 to 4
Increment: 0.5
*RST: 0

Default unit: div
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CHANnel<m>:OFFSet <Offset>

Sets an offset voltage that is added to correct an offset-affected signal. The value is
included in measurement results. The signal is shifted in relation to the ground level by
the offset value. Negative offset values move the waveform down, positive values

move it up.
Suffix:
<m> 1|2 (RTH1002), 1..4 (RTH1004)
Parameters:
<Offset> Range: -400 to 400
Increment: 0.5
*RST: 0

Default unit: V

CHANnel<m>:COUPIling <Coupling>

Selects the connection of the indicated channel.

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
Parameters:
<Coupling> DCLimit | ACLimit
DCLimit
The signal passes the input unchanged.
ACLimit

A high-pass filter removes the DC offset voltage from the input
signal if the DC component of a signal is of no interest.

*RST: DCLimit

CHANnel<m>:BANDwidth <BandwidthLimit>
Selects the bandwidth limit for the indicated channel.

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
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Parameters:

<BandwidthLimit> FULL | B350 | B200 | B100 | B60 | B50 | B40 | B20 | B10 | B5 |
B4 | B2 | B1| B5HK | B4HK | B2HK | B1HK | B50K | B40K |
B20K | B10K | B5K | B4K | B2K | B1K

FULL

At full bandwidth, all frequencies in the specified range are
acquired and displayed.

B350 | B200 | B100 | B60 | B50 | B40 | B20 | B10 | B5 | B4 | B2
| B1

Limit to 350 MHz, 200 MHz, 100 MHz, 60 MHz,..., respectively.
B5HK | B4HK | B2ZHK | B1HK | B50K | B40K | B20K | B10K |
B5K | B4K | B2K | B1K

Limit to 500 kHz, 400 kHz,..., respectively.

*RST: FULL

CHANnel<m>:DESKew <Deskew>
Sets a delay for the selected channel.

Deskew compensates delay differences between channels caused by the different
length of cables, probes, and other sources.

Suffix:
<m> 112 (RTH1002), 1..4 (RTH1004)
Parameters:
<Deskew> Deskew value
Range: -100E-9 to 100E-9
Increment: 800E-12
*RST: 0

Default unit: s

CHANnNel<m>:THReshold: TECHnology <ThresholdType>

Sets the threshold value for digitization of analog signals. If the signal value is higher
than the threshold, the signal state is high (1 or true for the boolean logic). Otherwise,
the signal state is considered low (0 or false) if the signal value is below the threshold.

Suffix:
<m> 112 (RTH1002) , 1..4 (RTH1004)
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Parameters:
<ThresholdType> TTL | ECL | CMOS | CAN | GND | LIN7vsupply | LIN12vsupply |
LIN18vsupply | USER

TTL
1.4V

ECL
-1.3V

CMOS

25V

GND

0V (for CAN channels, requires option R&S RTH-K3)

CAN
2V (for CAN channels, requires option R&S RTH-K3)

LIN7vsupply | LIN12vsupply | LIN18vsupply
7V 112V /18YV (for LIN channels, requires option R&S RTH-

K3)

USER

Set the value with CHANnel<m>:THReshold:USER.
*RST: TTL

CHANnel<m>:THReshold:USER <ThresholdValue>

Set an individual threshold value if CHANne1<m>:THReshold:TECHnology is set to

USER.
Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
Parameters:
<ThresholdValue>  Range: -400 to 400
Increment: 1E-3
*RST: 1.4

Default unit: V

CHANnel<m>:THReshold:THReshold?

Returns the threshold value.

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
Return values:
<Level> Range: -10 to 10
Increment: 1E-3
*RST: 0

Default unit: V
Usage: Query only



14.3.3

Waveform Setup

CHANnel<m>:THReshold:FINDlevel

The instrument sets the threshold for the selected channel.

Suffix:
<m> 112 (RTH1002) , 1..4 (RTH1004)
Usage: Event

Horizontal Setup
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TIMebase:SCALe <Scale>

Sets the time scale of the horizontal axis for all signals.

Parameters:

<Scale> Range: 1E-9 to 500
Increment: Steps 1, 2,5 (1, 2, 5, 10, 20, 50, 100, 200, 500...)
*RST: 100E-9

Default unit: s/div

TIMebase:RANGe <AcquisitionTime>

Sets the acquisition time, the timerange across the 10 horizontal divisions of the dia-
gram. Use the command alternatively to TTMebase: SCALe.

Parameters:

<AcquisitionTime>  Range: 10E-9 to 5000
Increment: Steps 1, 2,5 (1, 2, 5, 10, 20, 50, 100, 200, 500...)
*RST: 1E-6
Default unit: s

TIMebase:HORizontal:POSition <Position>
Sets the horizontal position of the trigger point in relation to the reference point.

See also: "Horizontal Position" on page 43

Parameters:

<Position> Range: Depends on the time scale, see table below.
Increment: 0.1
*RST: 0

Default unit: s
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Time scale Min./max. horizontal position
1 ns/div to 100 ps/div +2s

200 ps/div to 2 s/div Time scale * 20000

5 s/div — 500 s/div 100000 s

TIMebase:REFerence <ReferencePoint>
Defines the time reference point in the diagram.

Parameters:
<ReferencePoint> Position of the reference point in percent of the screen width.
Available values are:
10: on the left side of the screen
50: in the middle of the screen
90: on the right side

*RST: 50
Default unit: %

ACQuire:POINts:ARATe?
Returns the number of recorded analog waveform points per second.

Return values:

<ADCSampleRate> Range: 1.25E+9 to 5E+9
Increment: 1
*RST: 1.25E+9
Default unit: Sa/s

Usage: Query only

14.3.4 Acquisition Control
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RUN

Starts the continuous acquisition.

Usage: Event
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STOP
Stops the running acquistion.

Usage: Event

ACQuire:MODE <AcquisitionMode>
Defines how the waveform is built from the captured samples.

Parameters:

<AcquisitionMode> SAMPIe | PDETect | HRESolution | AVERage | ENVelope
SAMPle
One of n samples in a sample interval is recorded as waveform
point, the other samples are discarded.
PDETect
The minimum and the maximum of n samples are recorded as
waveform points, the other samples are discarded.
HRESolution
The average of n captured sample points is recorded as one
waveform point.
AVERage
The average is calculated from the data of the current acquisi-
tion and a number of acquisitions before. The number of acquisi-
tions for average calculation is defined with ACQuire:
AVERage : COUNt.
ENVelope
The minimum and maximum values in an sample interval over a
number of acquisitions are saved. The most extreme values of
all acquisitions build the envelope.

*RST: SAMPle

ACQuire:AVERage:COUNt <NoOfAvgs>

Sets the number of waveforms used to calculate the average waveform.

Parameters:

<NoOfAvgs> Range: 2 to 8192
Increment: 2N (N=1..13)
*RST: 2

ACQuire:ARESet:IMMediate
Restarts the envelope and average calculation.

Usage: Event
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ACQuire:POINts[:VALue]?
Returns the record length, number of recorded waveform samples.

Return values:

<RecordLength> Range: 1 to 4294967295
Increment: 1
*RST: 1

Usage: Query only

ACQuire:RESolution?
Returns the resolution, the time between two waveform samples.

Return values:

<ResolutionPP> Range: 1E-12 to 1E+12

Increment: 1E-12

*RST: 0

Default unit: s
Usage: Query only
Trigger
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General Trigger Settings

See also: Chapter 2.5.1, "General Trigger Settings", on page 46

B LT 1= 1Y O T PP 261
TRIGGEINSOURGCE. ..cevvvreretitiitiaeieaeeteseeeeeeeeeteteteerereetatttta——————_—eseseeaeeaesererereereressrrrararanes 261
IR T 1= I PRSP 261
TRIGENLEVEISMS IV ALUE. ..tttttttciieieie i e e e e e e e e e e e e e eeeeee et aaa et aeseseeeeeaaaaeaaaseeeeeeesensnnns 262
TRIGGErHOLDOFf:IMODE.......ciiiiiiiii ettt e e e e e e e e e e e e e e e e e eeeeeeeaeeeeenennnnanan 262



Waveform Setup
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TRIGger:MODE <Mode>

The trigger mode determines the behavior of the instrument if no trigger occurs, and
also the number of acquired waveforms when a trigger occurs.

Parameters:

<Mode> AUTO | NORMal | SINGle
AUTO
The instrument triggers repeatedly after a time interval if the trig-
ger conditions are not fulfilled. If a real trigger occurs, it takes
precedence.
NORMal
The instrument acquires waveforms continuously, each time
when a trigger occurs.

SINGle
When a trigger occurs, the instrument acquires one waveform.
*RST: AUTO

TRIGger:SOURce <Source>
Selects the trigger source, the waveform on which the trigger condition is checked.

Parameters:
<Source> C1|C2|C3|C4|D0O|D1|D2|D3|D4|D5|D6|D7
Logic channels D0..D7 require option R&S RTH-B1. For video,

runt, slew rate and window trigger, only analog channels are
available.

*RST: C1

TRIGger:TYPE <Type>
Selects the trigger type, the event type that defines the trigger point.
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Parameters:

<Type> EDGE | GLITch | WIDTh | TV | PATTern | STATe | RUNT |
SLEWrate | DATatoclock | SERPattern | TIMeout | INTerval |
WINDow | PROTocol

EDGE | GLITch | WIDTh | TV
Standard trigger types

PATTern | STATe | RUNT | SLEWrate | DATatoclock | SER-
Pattern | TIMeout | INTerval | WINDow
Require option R&S RTH-K19

PROTocol
Requires option R&S RTH-K1 and/or R&S RTH-K2

*RST: EDGE

TRIGger:LEVel<m>:VALue <Level>

Sets the trigger level voltage. The command is relevant for all trigger types that require
one trigger level.

Suffix:

<m> 1.21
Indicates the trigger source:
1..4: analog channels 1 to 4
8..15: digital channels DO to D7
all others: not available

Parameters:

<Level> Range: -10 to 10
Increment: 1E-3
*RST: 0

Default unit: V

TRIGger:HOLDoff:MODE <Mode>
Selects the method to define the holdoff.
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Parameters:

<Mode> OFF | TIME | RANDom | EVENts
OFF
No holdoff
TIME

Defines the holdoff as a time period. The next trigger occurs only
after a time has passed, which is defined with TRIGger :
HOLDoff: TIME.

RANDom

Defines the holdoff as a random time limited by TRIGger :
HOLDoff:MIN and TRIGger :HOLDof f : MAX. For each acquisi-
tion, the instrument selects a new random holdoff time from the
specified range.

EVENts
Defines the holdoff as a number of trigger events, which is
defined with TRIGger : HOLDof f : EVENts.

*RST: OFF

TRIGger:HOLDoff:TIME <Time>

Sets the time that has to pass at least until the next trigger occurs. The command
takes effect if TRIGger : MODE is set to TIME.

Parameters:

<Time> Range: 8E-9 to 10
Increment: 200E-6
*RST: 1E-3

Default unit: s

TRIGger:HOLDoff:EVENts <Events>

Sets the number of triggers to be skipped until the next trigger occurs. The command
takes effect if TRIGger : MODE is set to EVENts.

Parameters:

<Events> Range: 1 to 1000000000
Increment: 10
*RST: 1

TRIGger:HOLDoff:MIN <RandomMinTime>
TRIGger:HOLDoff:MAX <RandomMaxTime>

Set the time limits for random holdoff time. For each acquisition, the instrument selects
a new random holdoff time from the specified range.
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Parameters:

<RandomMinTime> Range: 8E-9 to 10

<RandomMaxTime> Increment: 200E-6
*RST: 2E-3
Default unit: s

TRIGger:MNR <MoreNoiseReject>

Enables a hysteresis to avoid unwanted trigger events caused by noise oscillation
around the trigger level.

Parameters:
<MoreNoiseReject> ON | OFF

*RST: OFF
Edge Trigger

TRIGger:EDGE:SLOPe <Slope>

Sets the edge direction for the trigger. You can trigger on:
° Rising edge, that is a positive voltage change

° Falling edge, that is a negative voltage change

° Rising and falling edge

Parameters:
<Slope> POSitive | NEGative | EITHer

*RST: POSitive

Glitch Trigger

See also: Chapter 2.5.3, "Glitch Trigger", on page 50
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TRIGger:GLITch:POLarity <Polarity>
Sets the pulse polarity, that is the direction of the first pulse slope. You can trigger on:

® Positive going pulses. The width is defined from the rising to the falling edge.
® Negative going pulses. The width is defined from the falling to the rising edge.
® Both positive and negative going pulses
Parameters:
<Polarity> POSitive | NEGative | EITHer

*RST: POSitive
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TRIGger:GLITch:RANGe <Condition>

Selects the glitches to be identified: shorter or longer than the width specified with
TRIGger:GLITch:WIDTh.

Parameters:
<Condition> LONGer | SHORter

*RST: LONGer

TRIGger:GLITch:WIDTh <Duration>
Sets the pulse width of the glitch.

Parameters:

<Duration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

Width Trigger

See also Chapter 2.5.4, "Width Trigger", on page 51.
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TRIGger:WIDTh:POLarity <Polarity>
Sets the pulse polarity, that is the direction of the first pulse slope. You can trigger on:

® Positive going pulses. The width is defined from the rising to the falling edge.
® Negative going pulses. The width is defined from the falling to the rising edge.
® Both positive and negative going pulses

Parameters:
<Polarity> POSitive | NEGative | EITHer

*RST: POSitive

TRIGger:WIDTh:RANGe <Condition>

Defines how the measured pulse width is compared with the given limit(s).
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Parameters:
<Condition> LONGer | SHORter | EQUal | NEQual | WITHin | OUTSide

LONGer | SHORter
Triggers on pulses shorter or longer than a width set using
TRIGger:WIDTh:WIDTh.

EQUal | NEQual

Triggers on pulses equal or not equal a given width that is set
using TRIGger :WIDTh:WIDTh. In addition, a tolerance can be
set around the specified width using TRIGger :WIDTh:DELTa.

WITHin | OUTSide
Triggers on pulses inside or outside a given range. The range is
set using TRIGger :WIDTh:MIN and TRIGger :WIDTh : MAX

*RST: LONGer

TRIGger:WIDTh:WIDTh <Duration>
Sets the width for comparison ranges EQUal, UNEQual, SHORter, and LONGer.

See TRIGger :WIDTh:RANGe on page 265

Parameters:

<Duration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:WIDTh:DELTa <Tolerance>

Sets a range At to the specified width, which is defined using TRIGger :WIDTh:WIDTh

Parameters:

<Tolerance> Range: 0 to 5000
Increment: 500E-12
*RST: 0

Default unit: s

TRIGger:WIDTh:MAX <MaxDuration>

Sets the upper limit for the pulse width if TRIGger : WIDTh: RANGe is set to WITHin or

OUTSide.

Parameters:

<MaxDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s
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TRIGger:WIDTh:MIN <MinDuration>

Sets the lower limit for the pulse width if TRIGger : WIDTh : RANGe is set to WITHin or

OUTSide.

Parameters:

<MinDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

14.3.5.5 Video/TV Trigger

The standards PAL, PAL-M, NTSC and SECAM are available in the instrument firm-
ware. All other standards and custom signals require the advanced trigger option
(R&S RTH-K19).
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TRIGger:TV:STANdard <Standard>

Selects the TV standard or cusTom for user-defined signals.
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Parameters:

<Standard> PAL | PALM | NTSC | SECam | P480L60HZ | P576L50HZ |
P720L30HZ | P720L50HZ | P720L60HZ | 11080L50HZ |
11080L60HZ | P1080L24HZ | P1080L24HZSF | P1080L25HZ |
P1080L30HZ | P1080L50HZ | P1080L60HZ | CUSTom

PAL | PALM | NTSC | SECam

Standards delivered with the instrument firmware.

PxxxxLyyHZ

HDTYV standards using progressive scanning (P). xxxx indicates
the number of active lines, yy is the frame rate.

Triggering on HDTV standards requires option R&S RTH-K19.
IxxxxLxxHZ

HDTV standards using interlaced scanning (I). xxxx indicates the
number of active lines, yy is the field rate.

P1080L24HZSF

1080p/24sF is a HDTV standard using progressive segmented
frame scanning.

CUSTom

Used for signals of other video systems, for example, medical
displays, video monitors, and security cameras. Requires option
R&S RTH-K19.

*RST: PAL

TRIGger:TV:POLarity <Polarity>

Sets the polarity of the signal. Note that the sync pulse has the opposite polarity, for
example, a positive signal has a negative sync pulse.

Parameters:
<Polarity> POSitive | NEGative

*RST: POSitive

TRIGger:TV:MODE <Mode>

Selects the lines or fields on which the instrument triggers. Available modes depend on
the scanning system of the selected standard.
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Parameters:

<Mode> ALL | ODD | EVEN | ALINe | LINE
ALL
All fields: Triggers on the first video line of the frame (progres-
sive scanning) or field (interlaced scanning), for example, to find
amplitude differences between the fields.
ODD | EVEN
Odd fields / even fields: Triggers on the first video line of the odd
or even field. These modes are available for interlaced scanning
(PAL, PAL-M, SECAM, NTSC, 1080i) and progressive segmen-
ted frame scanning (1080p/24sF). They can be used, for exam-
ple, to analyze the components of a video signal.
ALINe
All lines: Triggers on the line start of all video lines, for example,
to find maximum video levels.
LINE
Triggers on a specified line. Specify the line number using
TRIGger:TV:LINE.

*RST: ALL

TRIGger:TV:LINE <LineNumber>
Sets the number of the line to be triggered on if TRIGger : TV:MODE is LINE.
Usually the lines of the frame are counted, beginning from the frame start.

For NTSC signals, the lines are counted per field, not per frame. Therefore, you have
to set the odd or even field using TRIGger : TV: LFIeld, and the line number in the

field.

Parameters:

<LineNumber> Range: 1 to 3000
Increment: 1
*RST: 1

TRIGger:TV:LFleld <LineField>

Line field (odd or even) used as reference for counting the video lines. Used by the
NTSC standard.

Parameters:
<LineField> FIELD1 | FIELD2

*RST: FIELD1

TRIGger:TV:CUSTom:STYPe <SyncPulseType>

Sets the type of the sync pulse, either bi-level sync pulse (usually used in SDTV sig-
nals), or tri-level sync pulse (used in HDTV signals).
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Parameters:
<SyncPulseType> BlLevel | TRILevel

*RST: BlLevel

TRIGger:TV:CUSTom:LDURation <LineDuration>

Sets the duration of a single video line, the time between two successive sync pulses.

Parameters:

<LineDuration> Range: 5E-6 to 200E-6
Increment: 100E-9
*RST: 64E-6

Default unit: s

TRIGger:TV:CUSTom:SDURation <SyncPulseDuration>
Sets the width of the sync pulse.

Parameters:

<SyncPulseDuration> Range: 100E-9 to 100E-6
Increment: 100E-9
*RST: 4.7E-6
Default unit: s

TRIGger:TV:CUSTom:SCANmode <ScanMode>
Sets the scanning system.
For details, see "Scan" on page 57.

Parameters:
<ScanMode> INTerlaced | PROGressive | SEGMented

*RST: INTerlaced

External Trigger (R&S RTH1002)
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TRIGger:EXTernal:LEVel <Level>

Sets the trigger voltage level.

Parameters:

<Level> Range: -10 to 10
Increment: 1E-3
*RST: 0

Default unit: V
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TRIGger:EXTernal:SLOPe <Slope>

Sets the edge direction for the trigger. You can trigger on the rising edge, the falling
edge, or riding and falling edges of the external signal.

Parameters:
<Slope> POSitive | NEGative | EITHer

*RST: POSitive

14.3.5.7 Pattern Trigger (R&S RTH-K19)

See also Chapter 2.5.7, "Pattern Trigger (R&S RTH-K19)", on page 58.
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TRIGger:PATTern:STATe[:CHANnel<m>] <State>
Sets the state of each input channel. The channel is specified by the channel suffix:

The logical combination of the channel states is defined by TRTIGger: PATTern:
STATe:COMBination.

Suffix:
<m> 1..4; analog channel 1 to 4
8..15: digital channels DO to D7

Parameters:
<State> ONE | ZERO | DONTcare

ONE
The signal value is above the defined threshold.

ZERO
The signal value is below the defined threshold.

DONTcare
The signal state does not matter.

*RST: DONTcare

TRIGger:PATTern:STATe:COMBination <ChCombination>

Sets the logical combination for all active channels. The required state of each channel
is defined by TRIGger : STATe : CHANnel <m>.
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Parameters:
<ChCombination>  AND | OR

*RST: AND

TRIGger:PATTern:WIDTh:RANGe <Condition>

Adds additional time limitation to the pattern defined by TRIGger: PATTern: STATe [ :
CHANnel<m>] and TRIGger:PATTern: STATe:COMBination.

Parameters:
<Condition> ANY | TIMeout | LONGer | SHORter | EQUal | NEQual |
WITHin | OUTSide
ANY
Triggers on all runts fulfilling the level condition, without time lim-
itation.

Triggers if the signals match the pattern definition for a minimum
time, which is specified by TRIGger: PATTern: TIMeout [ :
TIME].

LONGer | SHORter

Triggers on pulses shorter or longer than a runt width that is
defined by TRIGger : RUNT : WIDTh.

EQUal | NEQual

Triggers pulses with a width equal or unequal to a given width
and an optional tolerance defined by TRIGger : RUNT : WIDTh
and Runt Width

WITHin | OUTSide

Triggers on pulses inside or outside a given range. The range is
defined by ..

*RST: LONGer

TRIGger:PATTern:TIMeout[:TIME] <Time>

Sets a minimum time during which the signals match the pattern definition defined by
TRIGger:PATTern:STATe [ :CHANnel<m>] and TRIGger:PATTern:STATe:
COMBination.

The command is required if TRIGger : PATTern:WIDTh: RANGe is set to TIMeout.

Parameters:

<Time> Range: 100E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:PATTern:WIDTh[:WIDTh] <Duration>
Sets the width for comparison ranges LONGer, SHORter, EQUal and NEQual.
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See TRIGger: PATTern:WIDTh:RANGe on page 272.

Parameters:

<Duration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:PATTern:WIDTh:DELTa <Tolerance>

Sets a range At to the pattern width that is defined by TR1Gger: PATTern:WIDTh[ :
WIDTh].

Parameters:

<Tolerance> Range: 0 to 5000
Increment: 500E-12
*RST: 0

Default unit: s

TRIGger:PATTern:WIDTh:MINWidth <MinDuration>

Sets the lower time limit of the pattern match for range conditions WITHin and OUT-
Side.

Parameters:

<MinDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:PATTern:WIDTh:MAXWidth <MaxDuration>

Sets the upper time limit of the pattern match for range conditions WITHin and OUT-
Side.

Parameters:

<MaxDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

State Trigger (R&S RTH-K19)

See also Chapter 2.5.8, "State Trigger (R&S RTH-K19)", on page 60.
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TRIGger:STATe:CHANnel<m> <State>
Sets the state of each input channel. The channel is specified by the channel suffix:

The logical combination of the channel states is defined by TR1Gger: STATe:

COMBination.
Suffix:
<m> 1..4: analog channel 1 to 4
8..15: digital channels DO to D7
Parameters:
<State> ONE | ZERO | DONTcare
ONE
The signal value is above the defined threshold.
ZERO
The signal value is below the defined threshold.
DONTcare
The signal state does not matter.
*RST: DONTcare

TRIGger:STATe:COMBination <ChCombination>

Sets the logical combination for all active channels. The required state of each channel
is defined by TRIGger : PATTern: STATe [ : CHANnel<m>].

Parameters:
<ChCombination>  AND | OR

*RST: AND

TRIGger:STATe:CSOurce[:VALue] <Source>
Sets the input channel of the clock signal.

Parameters:
<Source> C1|C2|C3|C4|D0|D1|D2|D3|D4|D5|D6|D7
*RST: C1

TRIGger:STATe:CSOurce:EDGE <Slope>
Sets the edge of the clock at which the instrument checks the signal states.

Parameters:
<Slope> POSitive | NEGative | EITHer

*RST: POSitive

14.3.5.9 Runt Trigger (R&S RTH-K19)

See also Chapter 2.5.9, "Runt Trigger (R&S RTH-K19)", on page 61.
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TRIGger:LEVel<m>:RUNT:LOWer <LowerlLevel>
TRIGger:LEVel<m>:RUNT:UPPer <UpperLevel>

Set the upper and lower levels that limit the runt.

Suffix:
<m> 1.4
Indicates the trigger source: analog channel 1 to 4
Parameters:
<LowerLevel> Range: -10 to 10
<UpperLevel> Increment: 1E-3

*RST: 0
Default unit: V

TRIGger:RUNT:POLarity <Polarity>
Sets the pulse polarity, that is the direction of the first pulse slope. You can trigger on:

® Positive going pulses. The width is defined from the rising to the falling edge.
® Negative going pulses. The width is defined from the falling to the rising edge.
® Both positive and negative going pulses

Parameters:
<Polarity> POSitive | NEGative | EITHer

*RST: POSitive

TRIGger:RUNT:RANGe <Condition>

Defines an additional time limit of the runt pulse.
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<Condition>
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ANY | LONGer | SHORter | EQUal | NEQual | WITHin | OUTSide
ANY

Triggers on all runts fulfilling the level condition, without time lim-
itation.

LONGer | SHORter

Defines a minimum time during which the signals match the pat-
tern definition. The minimum time is defined by

EQUal | NEQual

Triggers on pulses equal or not equal a given runt width that is
set using TRIGger : RUNT : WIDTh. In addition, a tolerance can
be set around the specified width using TRTGger : RUNT : DELTa

WITHin | OUTSide
Triggers on pulses inside or outside a given range. The range is
set using ... and ....

*RST: LONGer

TRIGger:RUNT:WIDTh <Duration>
Sets the width for comparison ranges EQUal, UNEQual, SHORter, and LONGer.

See TRIGger:WIDTh:RANGe.

Parameters:
<Duration>

Range: 800E-12 to 10000
Increment: 100E-9

*RST: 5E-9

Default unit: s

TRIGger:RUNT:DELTa <Tolerance>

Sets a range At to the specified width, which is defined using TRIGger : RUNT : WIDTh.

Parameters:
<Tolerance>

Range: 0 to 5000
Increment: 500E-12
*RST: 0

Default unit: s

TRIGger:RUNT:MINWidth <MinDuration>

Sets the lower time limit of the runt for comparisons WITHin and OUTSide.

Parameters:
<MinDuration>

Range: 800E-12 to 10000
Increment: 100E-9

*RST: 5E-9

Default unit: s
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14.3.5.10

TRIGger:RUNT:MAXWidth <MaxDuration>
Sets the upper time limit of the runt for comparisons WITHin and OUTSide.

Parameters:

<MaxDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

Slew Rate Trigger (R&S RTH-K19)

See also Chapter 2.5.10, "Slew Rate Trigger (R&S RTH-K19)", on page 63.
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TRIGger:LEVel<m>:SLEW:LOWer <Level>
TRIGger:LEVel<m>:SLEW:UPPer <Level>

Set the upper and lower voltage thresholds, respectively. The time measurement starts
when the signal crosses the first trigger level - the upper or lower level depending on

the selected slope - and stops when the signal crosses the second level.

Suffix:
<m> 1.4
Indicates the trigger source: analog channel 1 to 4
Parameters:
<Level> Range: -10 to 10
Increment: 1E-3
*RST: 0

Default unit: V

TRIGger:SLEW:SLOPe <Slope>
Sets the edge direction for the trigger.

Parameters:
<Slope> POSitive | NEGative | EITHer

*RST: POSitive

TRIGger:SLEW:RANGe <Condition>

Defines the time limits of the slew rate.
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Parameters:
<Condition> LONGer | SHORter | EQUal | NEQual | WITHin | OUTSide

LONGer | SHORter
Triggers on pulses shorter or longer than a runt width that is set
using TRIGger : SLEW: RATE.

EQUal | NEQual

Triggers on pulses equal or not equal a given runt width that is
set using TRIGger : SLEW: RATE. In addition, a tolerance can be
set around the specified width using TRTGger : RUNT : DELTa.

WITHin | OUTSide
Triggers on pulses inside or outside a given range. The range is
set using ... and ....

*RST: LONGer

TRIGger:SLEW:RATE <Duration>
Sets the slew rate for comparison ranges EQUal, UNEQual, SHORter, and LONGer.

See TRIGger:SLEW: RANGe.

Parameters:

<Duration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:SLEW:DELTa <Tolerance>

Sets a range At to the specified slew rate, which is defined using TRTIGger : SLEW:

RATE.

Parameters:

<Tolerance> Range: 0 to 5000
Increment: 500E-12
*RST: 0

Default unit: s

TRIGger:SLEW:MINWidth <MinDuration>

Sets the lower time limit of the transition time for comparisons WITHin and OUTSide.

Parameters:

<MinDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s
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TRIGger:SLEW:MAXWidth <MaxDuration>

Sets the upper time limit of the transition time for comparisons WITHin and OUTSide.

Parameters:

<MaxDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

14.3.511 Data2Clock Trigger (R&S RTH-K19)

See also Chapter 2.5.11, "Data2Clock Trigger (R&S RTH-K19)", on page 64.

TRIGger:DATatoCIOCK:DSOUICE[:VALUE. . .uuuuceeeieieeeeeeeeeeeeeeeeeeeeeeeeeetet b e e e e e e e eeaaaas 279
TRIGQer:DATAtOCIOCK:CSOUICE[:VALUE]L. .. .uuvirireetieeeeeeeeeiiicetirreeereeeaaessesssnnnnssseneeeeseaaeeens 279
TRIGger:DATatoclock:CSOUICEIEDGE......uuuiiiieieieieieeeeeceeeeeeeee e e e e e e e e e 279
TRIGEr:DATAtOCIOCK: CONDIION. ... i e e e e e e e e ettt e e e e e e e e e e e e e eeeeeeeeeees 279
TRIGGEr:DATAtOCIOCKIHTIME. ..ttt e e et e e e e e 280
TRIGGEr: DATAtOCIOCK I STIME. . e e e eeeee e ettt e e e e e e e e e e e e e e e e e e eeeeeeeneenenennnnnnan 280

TRIGger:DATatoclock:DSOurce[:VALue] <Source>
Selects the input channel of the data signal.

Parameters:
<Source> C1|C2|C3|C4|D0|D1|D2|D3|D4|D5|D6|D7
*RST: C1

TRIGger:DATatoclock:CSOurce[:VALue] <Source>
Selects the input channel of the clock signal.

Parameters:
<Source> C1|C2|C3|C4|D0|D1|D2|D3|D4|D5|D6|D7

*RST: C1

TRIGger:DATatoclock:CSOurce:EDGE <Slope>

Sets the edge of the clock signal: rising (POSitive), falling (NEGative), or both
edges (EITHer). The time reference point for the setup and hold time is the crossing
point of the clock edge and the trigger level.

Parameters:
<Slope> POSitive | NEGative | EITHer

*RST: POSitive

TRIGger:DATatoclock:CONDition <TrigCondition>

Selects how a violation of the setup and hold time is handled.
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Parameters:
<TrigCondition> VIOLation | OK

VIOLation
Triggers on a violation of the setup or hold time

OK
Triggers if setup and hold time keep the limits.

*RST: VIOLation

TRIGger:DATatoclock:HTIMe <HoldTime>
Sets the minimum time after the clock edge while the data signal must stay steady.

The hold time can be negative. In this case, the setup time has to be positive. The
setup time is defined by TRIGger :DATatoclock: STIMe.

Parameters:

<HoldTime> Range: -124E-9 to 124E-9
Increment: 1E-9
*RST: 1E-9

Default unit: s

TRIGger:DATatoclock:STIMe <SetupTime>
Sets the minimum time before the clock edge while the data signal must stay steady.

The setup time can be negative. In this case, the hold time has to be positive. The
setup time is defined by TRTGger:DATatoclock: HTIMe.

Parameters:

<SetupTime> Range: -124E-9 to 124E-9
Increment: 1E-9
*RST: 1E-9

Default unit: s

Serial Pattern Trigger (R&S RTH-K19)

TRIGQEr:SPATLEIN:DSOUICE[:VALUE]. ... eaaeaeie e e e e e e eeeeeeee et et eeeeeeetn s a e e e e e e e e aaaaaaees 280
TRIGQEr:SPATLEMM:CSOUMCE[:IVALUEL. ..t uuuuaeeieieeeeeeeeeeeeeeeee et eeeeeee e a e e e e s e e e e aaaaeaeaas 281
TRIGQer:SPATern:CSOUICE:EDGE........cccciiiiieeeeee e e e e e e e s e e e e e e e 281
TRIGger:SPATLern:CSOUICE:FIRSIEAGE. ..uuuuuuuieieie e e e e e e eeeeeeee e e e e 281
TRIGGEN SPATLEMNIORDEN . ....ciitiitieittintaaae e e e e e e e e e e e e e et e et ettt aeaeeeetabasaaa e e e e e e e e aaaaaaeans 281
TRIGGEN SPATEEIN P AT TEIN ... ee ettt a e e e e e e e e e e e aaaaaaeeeeeeeeenenennsnsnnnnnnnnn 281

TRIGger:SPATtern:DSOurce[:VALue] <Source>
Selects the input channel of the data signal.

Parameters:
<Source> C1|C2|C3|C4|D0O|D1|D2|D3|D4|D5|D6|D7

*RST: C1



Waveform Setup

TRIGger:SPATtern:CSOurce[:VALue] <Source>

Sets the input channel of the clock signal.

Parameters:

<Source> C1|C2|C3|C4|D0|D1|D2|D3|D4|D5|D6|D7
*RST: C1

TRIGger:SPATtern:CSOurce:EDGE <Slope>
Sets the edge at which the data value is sampled.
Parameters:

<Slope> POSitive | NEGative | EITHer

POSitive

Rising edge

NEGative

Falling edge

ElTHer

Rising and falling edges are considered (double data rate).

At double data rate, the edge at which the first bit of the pattern
is sampled is defined by TRIGger: SPATtern:CSOurce:
FIRStedge.

*RST: POSitive

TRIGger:SPATtern:CSOurce:FIRStedge <FirstClockEdge>
Sets the edge at which the first bit of the pattern is sampled.

The command is required if TRIGger: SPATtern:CSOurce:EDGE is setto Either
(double data rate).

Parameters:
<FirstClockEdge> POSitive | NEGative | EITHer

*RST: POSitive

TRIGger:SPATtern:ORDer <BitOrder>

Defines if the data words start with MSBF (most significant bit first) or LSBF (least sig-
nificant bit first).

Parameters:
<BitOrder> LSBF | MSBF

*RST: MSBF

TRIGger:SPATtern:PATTern <Pattern>

Defines the serial pattern to be triggered on.
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Parameters:

<Pattern> String that contains the pattern in binary format. The parameter
accepts the bit value X (don't care).

Example: TRIGger:SPATtern:PATTern '11001100'

TRIGger:SPATtern:PATTern '110011XX'

14.3.5.13 Timeout Trigger (R&S RTH-K19)

TRIGQENTIMEOULRANGE. .....ci i e et e e e e e e e e e e e e e e e e e e e e e e e eneneeeenennna e ees 282
TRIGGENTIMEOULTIME ... eteeee e itteee e ettt ettt e et e e e ettt e e e st e e e e e nbe e e e e e snnee e e e e snreeas 282

TRIGger:TIMeout:RANGe <TimeoutMode>

Selects the relation of the signal level to the trigger level, which is specified with
TRIGger:LEVel<m>:VALue

Parameters:
<TimeoutMode> HIGH | LOW | EITHer

*RST: HIGH

TRIGger:TIMeout:TIME <Time>

Sets the time limit for the timeout at which the instrument triggers.

Parameters:

<Time> Range: 100E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

14.3.5.14 Interval Trigger (R&S RTH-K19)

TRIGGErINTErVAL:SLOPE. ....cci i i e e e e e e e e e e e e e e e e e e e eeneeaensnnnnens 282
TRIGQErINTEIVAIRANGE. .......cceiieeeeeeeeiettt e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeseata bbb aaeaeaens 283
TRIGEIINTEIVAIWID TN ciieieeee e eeeee ettt e e s e e e e e e e eeaeaeaeeeeseeeeeeeeesesesessasanas 283
TRIGQErINTEIVALDELT A ccceiiiei i i e e eee e e ee ettt e s e s e e e e e e e eeaaaaaeaseeeeeeeeseesaessnnnnnnnan 283
TRIGQErINTErval:MINWIALN. ..cceeiiiietie et a e 283
TRIGGEr:INTerval:MAXWIALh. ...t e e e e e e e e e e e e eaeeeees 284

TRIGger:INTerval:SLOPe <Slope>

Sets the edge direction for the trigger. You can analyze the inteval between positive
edges or between negative edges.

Parameters:
<Slope> POSitive | NEGative

*RST: POSitive
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TRIGger:INTerval:RANGe <Condition>
Defines how the time range of an interval is defined.

Parameters:
<Condition> LONGer | SHORter | EQUal | NEQual | WITHin | OUTSide

LONGer | SHORter
Triggers on intervals shorter or longer than an interval that is set
using TRIGger: INTerval :WIDTh.

EQUal | NEQual

Triggers on intervals equal or not equal a given interval width
that is set using TRIGger: INTerval : WIDTh. In addition, a tol-
erance can be set around the specified width using TRIGger:
INTerval:DELTa.

WITHin | OUTSide

Triggers on intervals inside or outside a given range. The range
is set using ... and ....

*RST: LONGer

TRIGger:INTerval:WIDTh <Duration>

Sets the time between two pulses for comparisons EQUal, UNEQual, SHORter, and

LONGer.

Parameters:

<Duration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:INTerval:DELTa <Tolerance>

Sets a range At to the specified width, which is defined using TRIGger: INTerval :
WIDTh. The command is relevant for comparisons EQUal and UNEQual.

Parameters:

<Tolerance> Range: 0 to 5000
Increment: 500E-12
*RST: 0

Default unit: s

TRIGger:INTerval:MINWidth <MinDuration>

Sets the lower time limit of the interval for comparisons WITHin and OUTSide.
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Parameters:

<MinDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:INTerval:MAXWidth <MaxDuration>

Sets the upper time limit of the interval for comparisons WITHin and OUTSide.

Parameters:

<MaxDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

Window Trigger (R&S RTH-K19)

TRIGQer:LEVEI<KmM>:WINDOW:LOWET ........uunueuaaaaaaae e e e e e e e e e e e e e e e e eeeeee et e e e as 284
TRIGQEr:LEVEI<M>WINDOW:UPPET.......cceiiiiiiiiiiiiiiaaaaaaa e e e e e e e eeeeeaaeeeeeeeeeeeeeeenennnnnnnnnnnns 284
TRIGGENWINDOW:TIME....cuutturerutuuiieieieeeeeeeeeeeeeeeeteeereeererssstrsrarasnnaseseeeaeeessseseerereeeees 284
TRIGGErWINDOW:RANGE. ......ccciiiiieieieieee e e e e sesctteteeeeeeeeeeeeesssasaastasareeeaaeaeseesaannnsresenees 285
TRIGGErWINDOW:WID TR, cettttttuteeeeeeieeeeeeeeeeeeeeeeeeeeeeeesassestenaaaaasaseseesaaaaaasaeeessesssennnnns 285
TRIGGEN VWINDOW DELT@. 1ttt e e e e e e e e e e e e e e et et e et eeeeeeaeebs b ae s e e e e e e e aaaaaaaaeeeeaeeeneennnns 286
TRIGGEr:WINDOW:MINWIAh. ...ttt e e e 286
TRIGGEr:WINDOW:MAXWIALN. ... ettt e e e e e e e eeas 286

TRIGger:LEVel<m>:WINDow:LOWer <Level>
TRIGger:LEVel<m>:WINDow:UPPer <Level>

Set the upper and lower voltage thresholds for the window trigger, respectively. The
trigger levels are the vertical window limits.

Suffix:
<m> 1.4
Indicates the trigger source: analog channel 1 to 4
Parameters:
<Level> Range: -10 to 10
Increment: 1E-3
*RST: 0

Default unit: V

TRIGger:WINDow:TIME <Condition>

Selects how the time limit of the window is defined.
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<Condition>
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LONGer | SHORter | EQUal | NEQual | WITHin | OUTSide

LONGer | SHORter
Triggers if the signal crosses the upper or lower level after/
before the time "Width" defined by TRIGger : WINDow:WIDTh

EQUal | NEQual

Triggers if the signal stays inside or outside the vertical window
limits for a time equal/uneugal to "Width" "t Tolerance" defined
by TRIGger :WINDow:WIDTh and TRIGger : WINDow:DELTa.

WITHin
Triggers if the signal stays inside or outside the vertical window
limits for a time ="Min Width" AND < "Max Width".

OUTSide
Triggers if the signal stays inside or outside the vertical window
limits for a time < "Min Width" OR > "Max Width".

*RST: LONGer

TRIGger:WINDow:RANGe <LevelRangeMode>

Selects how the signal run is compared with the window:

Parameters:

<LevelRangeMode> ENTer | EXIT | WITHin | OUTSide

ENTer | EXIT

Triggers when the signal crosses the upper or lower level and
thus enters/leaves the window made up of these two levels
which are defined by TRIGger: LEVel<m>:WINDow:UPPer
and TRIGger:LEVel<m>:WINDow:LOWer

WITHin | OUTSide

Triggers if the signal stays between/above the upper and lower
level for a specified time. The time is defined by TRIGger:
WINDow:TIME

*RST: ENTer

TRIGger:WINDow:WIDTh <Duration>

Sets the width for comparison ranges LONGer, SHORter, EQUal, NEQual.

See TRIGger :WINDow: TIME on page 284.

Parameters:
<Duration>

Range: 800E-12 to 10000
Increment: 100E-9

*RST: 5E-9

Default unit: s
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TRIGger:WINDow:DELTa <Tolerance>

Sets a range At to the specified width, which is defined using TRTIGger : WINDow :
WIDTh.

Parameters:

<Tolerance> Range: 0 to 5000
Increment: 500E-12
*RST: 0

Default unit: s

TRIGger:WINDow:MINWidth <MinDuration>

Sets the lower time limit of the stay inside or outside the window (comparisons WITHin
and OUTSide).

Parameters:

<MinDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:WINDow:MAXWidth <MaxDuration>

Sets the upper time limit of the stay inside or outside the window (comparisons WITHin
and OUTSide).

Parameters:

<MaxDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

Waveform Analysis

Zoom

See also Chapter 3.1, "Zoom", on page 73.

ZOOM:ENABIE.... ..ot 286
ZOOMISCALE.....ceiei it e 287
ZOOM:POSHION. ..ot e e e s 287

ZOOM:ENABIe <Enabled>

Enables or disables the zoom.
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Parameters:
<Enabled> ON | OFF

*RST: OFF

ZOOM:SCALe <Scale>
Sets the time scale of the zoomed waveform.

Depending on the recording time not all horizontal scales are available. This is due to
the fact that, the zoom is always displaying a complete curve.

Parameters:

<Scale> Range: 1E-12 to 500
Increment: 1E-12
*RST: 100E-9

Default unit: s

ZOOM:POSition <Position>

Sets the center position of the zoomed area in relation to the trigger point.

Parameters:

<Position> Range: -500 to 500
Increment: 1E-12
*RST: 0

Default unit: s

14.4.2 Automatic Measurements

In remote commands for automatic measurements, the suffix <m> defines the mea-
surement index. You can perform up to four different measurements simultaneously.

o  Measurement SEtiNGS.......ccviiiii i 287
o Measurement RESUILS.........o e 289

14.4.2.1 Measurement Settings

MEASUrement<mM>:ENABIE........c.uciiiiiiiiiiiee e et ee e e e ettt e e e e e e etae e e e e eesba e eeseesstaseaesenrnns 287
MEASUrement<mM>:SOURCE. ......ccuuiiiiiieeii et e et e et e e e ete e ettt e e e e e e e eae e e et e eenanans 288
MEASUrement<M> TYPE. .. ... e e e et e e e e e e 288
MEASUrement<mM>:AOFF ... ..o e 289
MEASUrement<m>:DELAY:SLOPE. ......uuuuaiaaaaae e e e e e eeeeeeeeee e eeeeeeeeeaetnene e e e e e e e e eeaeaaees 289

MEASurement<m>:ENABIle <State>
Enables or disables the measurement.

Suffix:
<m> 1.4
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Parameters:
<State> ON | OFF

*RST: OFF

MEASurement<m>:SOURce <Source>, [<Source2>]

Defines the waveform to be measured. For delay, phase, and power measurements, 2
sources are required.

The sources can be any active input signal, math or reference waveform. Available
source waveforms depend on the measurement type, see Chapter 3.2.3, "Measure-
ment Types", on page 76.

Suffix:

<m> 1.4

Parameters:

<Source> C1|C2|C3|C4|M1|R|DO|D1|D2|D3|D4|D5|D6|D7
<Source2> C1|C2|C3|C4|M1|R|DO|D1|D2|D3|D4|D5|D6|D7

MEASurement<m>:TYPE <Type>

Selects the measurement type. For a detailed description, see Chapter 3.2.3, "Mea-
surement Types", on page 76.

Suffix:
<m> 1.4
Parameters:
<Type> PERiod | FREQuency | RTIMe | FTIMe | PPULse | NPULse |
PDCYcle | NDCYcle | DELay | PHASe | MEAN | RMS | CRESt |
STDDev | MINimum | MAXimum | PKPK | BASelevel |
TOPLevel | AMPLitude | OVRShoot | PREShoot | AC | DC |
ACDC | PPCount | NPCount | RECount | FECount | PWRP |
PWRS | PWRQ | PWRFactor
*RST: MINimum
RTIMe Rise time PREShoot Preshoot
FTIMe Fall time PPCount Positive pulse count
PPULse Positive pulse width NPCount Negative pulse count
NPULse Negative pulse width RECount Rising edge count
PDCYcle Positive duty cycle FECount Falling edge count
NDCYcle Negative duty cycle PWRP Active power
STDDev Standard deviation PWRS Apparent power
PKPK Peak to peak PWRQ Reactive power
OVRShoot Overshoot PWRFactor Power factor
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MEASurement<m>:AOFF

Disables all active measurements.

Suffix:
<m> 1.4

The suffix is irrelevant.
Usage: Event

MEASurement<m>:DELay:SLOPe <Slope>

Sets the slope for the delay measurement type.

Suffix:

<m> 1.4

Parameters:

<Slope> POSitive | NEGative | EITHer
POSitive
Delay between the first rising edge of each source waveform.
NEGative
Delay between the first falling edge of each source waveform.
ElTHer

Delay between the first edge of each source waveform, no mat-
ter if it is rising or falling.

*RST: POSitive

Measurement Results

MEASurement<m>:RESult:ACTual?
Returns the result of the indicated measurement.

Suffix:
<m> 1.4

Return values:

<Result> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Usage: Query only

MEASurement<m>:RESult:LIMit?

Indicates whether the measurement results are inside the measurement range, or out-
side (clipping).

Suffix:
<m> 1.4
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Return values:

<ResultLimit> INSide | OVERflow | UNDerflow | OVUNflow
*RST: INSide
Usage: Query only

Cursor Measurements

The following commands are required for common R&S RTH cursor measurements.
Special commands are available for Spectrum mode, see Chapter 14.6.2.2, "Cursor
Measurements in Spectrum Mode", on page 311.

L I O 0 Yo T 7= x ] o SRR 290
o Cursor Measurement RESUILS. ......coieue it eea s 292

Cursor Settings

(010 2 STt T Y =TSSR 290
CURSOIMFUNCHON. ettt et e et et e ettt e ettt e e ettt eeeeaeeeeneeeesa e eenannaees 290
CURSOIMSOURGE.....cceteeeee ettt et e e et e e e e e e et e e e e ee e e e e e e e eae e e et e eennnnnns 290
(O] S Yo 1@ L] ] 1o 291
CUR SOOI SCPLING. et eteeeeeeeeeee ettt e e e e e e e e eeeeaaeaeaeteeeeeeeeesesssss b e b abaaa e eaeaeeeaaaaaaens 291
CURSOISCREEN. c..cvvvetetiiiiiaaaeeeeseeeeeeaaaaeteeeeeereraetstaata————aiasesesaeaassesereeeersrsrrrrrerarannnnn 291
CURSONMEASUremMEnt<M>TYPE.....u it iiiiiiiee e eeeeeete e e e ettt e e e e e et e e e e e e este e e e s eeannaaeeaees 291
CURSor:STATe <State>

Enables or disables the cursor measurement.

Parameters:
<State> ON | OFF

*RST: OFF

CURSor:FUNCtion <Type>

Defines the type of the cursor measurement.

Parameters:

<Type> VERTical | HORizontal | TRACking | MEASure
See Chapter 3.3.2, "Cursor Types and Results", on page 82.
*RST: VERTical

CURSor:SOURce <Source>

Defines the source on which the cursor measurement is performed. The source setting
is not relevant for the vertical cursor type.
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Parameters:
<Source> C1|C2|C3|C4|M1|DO|D1|D2|D3|D4|D5|D6|D7

*RST: C1

CURSor:COUPIling <Coupling>

Couples the cursor lines so that the distance between the two lines remains the same
if one cursor is moved.

Parameters:
<Coupling> ON | OFF

*RST: OFF

CURSor:SCPLing <ScaleCoupling>

If ON, the position of the cursor lines is adjusted if the vertical or horizontal scales are
changed. If OFF, the cursor lines remain on their position on the display if the scaling is

changed.
Parameters:
<ScaleCoupling> ON | OFF
*RST: OFF
CURSor:SCReen

Sets the cursors to a default position on the screen.

Usage: Event

CURSor:MEASurement<m>:TYPE <Type>

Sets the automatic measurements to be performed on the source waveform between
the cursor lines. The setting is only available if CURSor: FUNCtion is set to MEASure.

Suffix:

<m> 1.2
Defines the measurement index. Two simultaneous cursor mea-
surements can be performed.

Parameters:

<Type> PERiod | FREQuency | RTIMe | FTIMe | PPULse | NPULse |

PDCYcle | NDCYcle | MEAN | RMS | CRESt | STDDev |
MINimum | MAXimum | PKPK | BASelevel | TOPLevel |
AMPLitude | OVRShoot | PREShoot | AC | DC | ACDC |
PPCount | NPCount | RECount | FECount

See MEASurement<m>:TYPE on page 288.
*RST: MINimum
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14.4.3.2 Cursor Measurement Results

(O8] 2 S o Tl 1 B = I = PP SPPTP PR 292
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CURSOIY 2POSIION. .....eeeeeeeeeerstsrersssssaataaaeseseeesaaeassetereeeererssssrsarasasanniesesseeeeasaesessereees 293
CURSOY TAMPIEUAE 2. 1ot e et e ettt e e e e e ettt e e e e e e et e e e e e s eeba e e e e eeeanaeeeeeesrananns 293
(O8] S To T 2 AN\ o] 1 0o = 293
CURSor:MEASurement<m>:RESUIt:ACTUAI?. .......eiiiiiiiiee et eeaae 293
CURSor:MEASurement<m>:RESUIt:LIMIt?.........coommeee e 293
CURSor:TDELta?

Returns the time difference A between to vertical cursor lines.

Return values:

<ResultDeltaT> Range: -100E+24 to 100E+24
*RST: 0

Usage: Query only

CURSor:ITDelta?

Returns the inverse value of time difference between to vertical cursor lines1/At.

Return values:

<ResultDeltaTInv>  Range: -100E+24 to 100E+24
Increment: 0
*RST: 0

Usage: Query only

CURSor:X1Position <UserX1>
CURSor:X2Position <Userx2>

Set the horizontal positions t1 and t2 (time) of the vertical cursor lines.

Parameters:

<UserX1>, <UserX2> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0
Default unit: s

CURSor:DELTa?

Returns the absolute value of the difference between the positions of horizontal cursor
lines Ay.
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Return values:

<ResultDelta> Range: -100E+24 to 100E+24
*RST: 0
Usage: Query only

CURSor:Y1Position <UserY1>
CURSor:Y2Position <UserY2>

Set the vertical positions y1 and y2 of the horizontal cursor lines.

Parameters:

<UserY1>, <UserY2> Range: -100E+24 to 100E+24
Increment: 100E-6
*RST: 0

Default unit: V

CURSor:Y1AMplitude?
CURSor:Y2AMplitude?

Return the vertical values of the crossing points between the tracking cursors and the
source waveform.

Return values:

<ResultAmplitude1> Range: -100E+24 to 100E+24
<ResultAmplitude2> *RST: 0
Usage: Query only

CURSor:MEASurement<m>:RESult:ACTual?
Returns the result of the indicated cursor measurement.

Suffix:

<m> 1.2
Defines the measurement index. Two simultaneous cursor mea-
surements can be performed.

Return values:

<Result> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Usage: Query only

CURSor:MEASurement<m>:RESult:LIMit?

Indicates whether the measurement results are inside the measurement range, or out-
side (clipping).
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Suffix:

<m> 1.2
Defines the measurement index. Two simultaneous cursor mea-
surements can be performed.

Return values:

<ResultLimit> INSide | OVERflow | UNDerflow | OVUNflow
*RST: INSide
Usage: Query only

Math Waveforms

Math Settings

(07 NI O] F=) L Y AN I RS AN I YRR 294
CALCulate:MATH[:EXPRESSION][:DEFINE]......cceeeeieeeeieieeeeeeeeeriiratereeaeieseeeeeeeaeaaeeeseeeeeens 294
CALCUIate:MATH:VERTICAISCALE. ... ccieiteieeeeeieeteeeeeeeetiiee e e e e ettt s e e e eeesaaaeeeesesstaneeeeeesnns 295
CALCulate:MATH:VERTICAIIRANGE. .....ccouuiiiie et e et 295
CALCulate:MATH:VERTICAI:POSIHION. ...cuiiiiiieiieie ettt e eens 295

CALCulate:MATH:STATe <State>

Enables or disables the math channel.

Parameters:
<State> ON | OFF
Usage: SCPI confirmed

CALCulate:MATH[:EXPRession][:DEFine] <ExprDefinition>
Sets the operation to calculate a math waveform.

Parameters:
<ExprDefinition> String that defines the operation. x is the channel number of
source 1, y the channel number of source 2.
Addition: 'Cx+Cy'
Subtraction: 'Cx-Cy'
Multiplication: 'Cx*Cy"
Inverse: '-Cx'
Absolute value: 'Abs(Cx)'
Square: 'Pow(Cx)'

Example: CALC:MATH:EXPR:DEF 'Cl-C2'
Subtracts the values of CH2 from the values of CH1.
CALC:MATH:EXPR:DEF 'Pow (Cl)'
Squares the values of CH1.

Usage: SCPI confirmed
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CALCulate:MATH:VERTical:SCALe <Scale>

Sets the vertical scale (vertical sensitivity) of the math waveform.

Parameters:
<Scale> Scale value, in V/div.
Usage: SCPI confirmed

CALCulate:MATH:VERTical:RANGe <Position>

Sets the voltage range across the 8 vertical divisions of the diagram. Use the com-
mand alternatively to CALCulate:MATH:VERTical:SCALe.

Parameters:
<Position> Voltage value of the range
Usage: SCPI confirmed

CALCulate:MATH:VERTical:POSition <Position>

Moves the math waveform or down in the diagram.

Parameters:
<Position> Position value, given in divisions.
Usage: SCPI confirmed

14.4.5 Reference Waveforms

REFCUINVE:SOURGCE. ... ettt ettt e e e et e e e e e e e eennns 295
REFCUNVE:UPDALE. ... .cee e et e e 295
L L LU TR N A =TS 296
REFCUINVE:POSITION. ....ccieieieieeeeeeeeevettit b rseeeeie s e e eeeeeeeaeeeeeeeereesesssra b s ba b e eeseseeaaaaaes 296
REFCUINVEINAME . .11t tttieeeieieee et e ee e e e e e et ee ettt eeeeeeete e b aaaeseseseeeasasaaasesereeseeerssrarsrrasasnnnnan 296
REFCUINVEISAVE . ...c.ct ittt e e ettt ee e e e ettt e e e e e e eeta s eeeeessaaasaesrestanesaeseestansaaaeens 296
REFCUINVEIOPEN. .. et e et e e et e et e e e et eeeea e e eaaeeeeaaeennnnnns 296
REFCUINVEIDELELE. ....ccee et e et e e e e enanaas 296

REFCurve:SOURce <Source>

Selects the waveform to be taken as reference waveform.

Parameters:

<Source> C1|C2|C3|C4| M1
*RST: C1

REFCurve:UPDate

Creates the reference waveform from the source waveform.
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Usage: Event

REFCurve:STATe <State>
Activates or deactivates the reference waveform.

Parameters:
<State> ON | OFF

REFCurve:POSition <Position>
Sets the vertical position of the reference waveform.

Parameters:
<Position> Default unit: DIV

REFCurve:NAME <Name>
Defines the path, file name and file format of the reference waveform file.

The default path is C: /Users/<user>/Rohde-Schwarz/RTH/ReferenceCurves.

Parameters:
<Name> String
Example: :REFCurve:NAME 'C:

/Users/userl/Rohde-Schwarz/RTH/ReferenceCurves/reference00

REFCurve:SAVE
Saves the reference waveform. The target file is specified using REFCurve : NAME.

Usage: Event

REFCurve:OPEN

Loads a stored reference waveform from the specified file. The file is specified using
REFCurve : NAME.

Usage: Event

REFCurve:DELete
Deletes a stored reference waveform file. The file is specified using REFCurve : NAME.

Usage: Event

14.4.6 History (Option R&S RTH-K15)

In CHANnell :HISTory commands, the channel suffix is irrelevant, omit it.
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See also: Chapter 3.7, "History (Option R&S RTH-K15)", on page 92

CHANRNEISM> T H IS T OrY [ S T AT €] ettt ettt e e e e ettt ettt e e e e e e e e e e e e e e aeeeeeeeeeeeeenenennnnan 297
CHANNEI<KM>:HISTOrY:INSEGMENES. ...ceeeeiiiiieiiieninnaeaaaaa e e e e e e e eeaaeaaaeaeeeeeeeaeeeeneennnnnnnnnnnnnn 297
CHANRNEISM> I HISTONY TPACH . «ettetttteeaeaaaaaae e e e e e eeaaeaeeeeeeeeeeeeneenentnnnnaaaaaaeeeeeeaaaaaaaaeeeeee 297
ACQUITEIAVAIIBDIE? ...ttt ettt e e e e e ettt e e e e e e s s s sabasreeeeeeeaeaeeesanannns 298
CHANNEISM> HISTONY:STARL. .. .uttiiiieiiieeee e e iecctrtre e e e e e e e e e e s e sranrearereeeeeaaeeessassnnnrrsreeeeees 298
CHANRNEISM> HISTONY:STOP .. utiticcieiiee e e e e e e ee e e e e e e e e et e s e s e s e e eeeaaaaaaeaeeeeerennens 298
CHANRNEISKM>:HISTOrY:CURRENL. ....ieiiieeieee ettt e e e e e e e e e e e eeeeeeneeees 298
CHANRNEISM> I HISTOrY:PLAY ..ttt et et e et e e e e ea e e e e 299
CHANRNEISKM>HISTOrY:REPLAY....ccciiiiiieeee et e e e e e e e e e e e e e e e e eeeeeeeneeeeeenennnnan 299
CHANNEI<M>:HISTOry:TSABSOIUE?.....ccceeeieeeeeeeieretetiiteeeeeeeseseeeeeeeeeeeeeeeeeeeeeessessarasananns 299
CHANRNEISM> HISTOrY:TSDAIE?. . uvuvuuiiiieieeeeieeeeeeeeeeeeeeeeeeeeereserserabar e ieseeeeeaaaaaaseeseees 299
CHANNEI<KM>:HISTOry: TSREIAtVE?....cieieeeeeeeeeieietieiieeeeeee s e e e e e e e e e e eeeeeeeeeeeeeeeeeeeenennnnnnanas 300

CHANnel<m>:HISTory[:STATe] <State>

Enables or disables the history function.

Suffix:

<m> Suffix is irrelevant, omit it.
Parameters:

<State> ON | OFF

*RST: OFF

CHANnel<m>:HISTory:NSEGments <Depth>
Sets the approximate number of waveforms to be stored.

See also "Number of Segments" on page 93.

Suffix:

<m> Suffix is irrelevant, omit it.
Parameters:

<Depth> LOW | MEDium | HIGH

*RST: LOW

CHANnel<m>:HISTory:TPACq <PlayerSpeed>

Defines how fast the history player shows the stored waveforms.

Suffix:

<m> Suffix is irrelevant, omit it.
Parameters:

<PlayerSpeed> AUTO | SLOW | MEDium | FAST

*RST: AUTO
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ACQuire:AVAilable?
Shows the number of segements that are stored in the history.

Return values:

<AvailableAcqgs> Range: 0 to 5000
Increment: 1
*RST: 0

Usage: Query only

CHANnel<m>:HISTory:STARt <StartAcqldx>

Sets the index of the first (older) history segment that you want to see in the history
player. To query the number of available segments, use ACQuire:AVAilable?.

Suffix:
<m> Suffix is irrelevant, omit it.
Parameters:
<StartAcqldx> Range: -4999 to 0
Increment: 1
*RST: 0

CHANnel<m>:HISTory:STOP <StopAcqldx>

Sets the index of the last (newer) history segment that you want to see in the history
player. To query the number of available segments, use ACQuire:AVAilable?. The
newest segment has always the index "0". Older segments have a negative index.

Suffix:
<m> Suffix is irrelevant, omit it.
Parameters:
<StopAcqldx> Range: -4999 to 0
Increment: 1
*RST: 0
Example: CHANnel:STARt -199

CHANnel:STOP -100
The segments 101 (index -100) to 200 (index -199) in the history
player.

CHANnel<m>:HISTory:CURRent <CurrAcqldx>

Accesses a particular segment in the memory to display it. The query returns the index
of the segment that is shown.

To determine the number of stored segments, use ACQuire:AVAilable?.

Suffix:
<m> Suffix is irrelevant, omit it.
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Parameters:
<CurrAcqldx> History index: the newest segment has the index "0", older seg-
ments have a negative index: -(n-1), ....-1,0
n is the number of acquired segments.
Range: 0 to -(n-1)
Increment: 1
*RST: 0

CHANnNel<m>:HISTory:PLAY
Starts and stops the playback of the history segments.

Suffix:

<m> Suffix is irrelevant, omit it.

Example: CHANnel:HISTory:PLAY; *OPC
See also Chapter B, "Command Sequence and Synchroniza-
tion", on page 449.

Usage: Event

Asynchronous command

CHANnel<m>:HISTory:REPLay <AutoRepeat>

If set to ON, the playback of the selected history segments repeats automatically.

Suffix:

<m> Suffix is irrelevant, omit it.
Parameters:

<AutoRepeat> ON | OFF

*RST: OFF

CHANnel<m>:HISTory:TSABsolute?

Returns the abolsute daytime of the current segment (CHANnel<m>:HISTory:
CURRent).

Suffix:
<m> Suffix is irrelevant, omit it.

Return values:
<TimeStampAbsTime>8tring containing the time and unit.

Usage: Query only

CHANnel<m>:HISTory:TSDate?
Returns the date of the current segment (CHANnel<m>:HISTory:CURRent).

Suffix:
<m> Suffix is irrelevant, omit it.
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Return values:
<TimeStampAbsData>5tring with date of the current acquisition (absolute time)

Usage: Query only

CHANnel<m>:HISTory:TSRelative?

Returns the relative time of the current segment - the time difference to the newest
segment (index = 0).

See also CHANnel<m>:HISTory:CURRent.

Suffix:
<m> Suffix is irrelevant, omit it.

Return values:
<TimeStampRel> String containing the relative time in seconds.

Usage: Query only

Mask Testing

Mask Definition

The suffix <m> selects the mask channel for which the command is executed. The
number of channels depends on the instrument type. The R&S RTH1004 has 5 mask
channels, the suffix valuesare 1|2 ]3| 4 | 5. The R&S RTH1002 has 3 mask chan-
nels, the suffix values are 1| 2 | 5. Suffix 5 is used for the mask on a math waveform.

NS Y N 01 5 A N a1y IS 4 D N =Y SR 300
MASK:CHANNEI<KM>:PROPErtieS: XWIDth......cuiiieieieeeeee ettt enas 300
MASK:CHANNEIKM>:PROPErti€S:YWIDIN. ...cueieeieeee et eaas 301
MASK:CHANNEISKM>:CREGIEMASK.........ceeeieiiiririiiiiiiiiieiieieaeeeeeeeeeeeeeeeeeeeeeeeeeeesrsrsarasananas 301

MASK:CHANnNel<m>:STATe <State>

Turns the selected mask on or off.

Suffix:

<m> 1125 (RTH1002) , 1..5 (RTH1004)
Parameters:

<State> ON | OFF

*RST: OFF

MASK:CHANnel<m>:PROPerties:XWIDth <WidthX>

Changes the width of the selected mask in horizontal direction.
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Suffix:
<m> 1]2]5 (RTH1002) , 1..5 (RTH1004)
Parameters:
<WidthX> Range: 0 to 10
Increment: 0.01
*RST: 0

Default unit: div

MASK:CHANnel<m>:PROPerties:YWIDth <WidthY>

Changes the width of the selected mask in vertical direction.

Suffix:
<m> 1125 (RTH1002) , 1..5 (RTH1004)
Parameters:
<WidthY> Range: 0to8
Increment: 0.01
*RST: 0.1

Default unit: div

MASK:CHANnel<m>:CREatemask

Creates a mask from the envelope waveform of the selected waveform with the
defined width in x and y direction.

Suffix:
<m> 1]2|5 (RTH1002) , 1..5 (RTH1004)
Usage: Event

14.5.2 Mask Test

Y NS S @ N AV ToT =Y 1o g S ==Y o 1o o | 301
NS T S S PR 302
MA S K TESTSIALE] 2. ervrurertiiiieeeeeieieteeeeeeeeeeeee et eeeeeeeeesstebsbaaa i aaeseseseeaasaesesereesereeessrnres 302
MASK:CHANnNel<m>:RESUIt:FAIL:PERCENTAZE?....uuuruueieiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeannnnnnes 302
MASK:CHANNel<m>:RESUIt:FAILECOUNL 2. .ottt e e e e e ee e e e eeeee 302
MASK:CHANnNel<m>:RESUIt:PASS:PERCENAGE?.....ccieieieeiieeiiiiieiiiieee e e e e e e e e e e aaeaeees 303
MASK:CHANNel<m>:RESUIt:PASS[:COUNL]?. ...t 303
MASK:CHANnNel<m>:RESUIt: TOTLCOUNI]Z.. et 303
MASK:ELAPSEAtME: TOTAI?...ceeeieeiieeee ettt e e e e e e e e e e e e eea e eenans 303
MASK:ELAPSEAME[:SECS] 2. i ieieeieeeeieieeeeeeeeeeet et ee e e e e e e e e eeeeaaaaeeeseeeeeeeeeserssrasasanas 304

MASK:ONViolation[:SELection] <SelectedActions>

Defines the action to be executed if a violation occurs.
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Parameters:

<SelectedActions> NONE | STOP | BEEP | BPSTop
*RST: NONE

MASK:RST

Sets the counters of passed and failed acquisitions to Zero.

Usage: Event

MASK[:TESTstate]?
Returns the state of the mask test.

Return values:

<TestState> NOMask | IDLE | RUNNing
NOMask
No mask is active and no testing possible.
IDLE
Mask test has been stopped or not yet started.
RUNNing
Test ist running.
*RST: NOMask
Usage: Query only

MASK:CHANnel<m>:RESult:FAIL:PERCentage?

Returns the percentage share of failed acquisitions.

Suffix:
<m> 1|25 (RTH1002) , 1..5 (RTH1004)
Return values:
<ResultFailed> Range: 0 to 100
Increment: 0.1
*RST: 0

Default unit: %

Usage: Query only

MASK:CHANnel<m>:RESult:FAIL[:COUN{t]?
Returns the number of failed acquisitions.

Suffix:
<m> 1]2]5 (RTH1002) , 1..5 (RTH1004)
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Return values:

<ResultFailed> Range: 0toO
Increment: 1
*RST: 0
Usage: Query only

MASK:CHANnel<m>:RESult:PASS:PERCentage?

Returns the percentage share of passed acquisitions.

Suffix:
<m> 1]2]5 (RTH1002) , 1..5 (RTH1004)
Return values:
<PassedPercentage> Range: 0 to 100
Increment: 0.1
*RST: 0

Default unit: %

Usage: Query only

MASK:CHANnel<m>:RESult:PASS[:COUNt]?

Returns the number of passed acquisitions.

Suffix:
<m> 112|5 (RTH1002) , 1..5 (RTH1004)
Return values:
<ResultPassed> Range: 0toO
Increment: 1
*RST: 0
Usage: Query only

MASK:CHANnel<m>:RESult:TOTL[:COUNt]?

Returns the number of tested acquisitions.

Suffix:
<m> 1125 (RTH1002) , 1..5 (RTH1004)
Return values:
<ResultTotal> Range: 0toO
Increment: 1
*RST: 0
Usage: Query only

MASK:ELAPsedtime:TOTal? <Day>, <Hour>, <Min>, <Sec>

Returns the test duration.
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Spectrum Analysis

Query parameters:

<Day> Test time in days.
<Hour> Test time in hours.
<Min> Test time in minutes.
<Sec> Test time in seconds.

Return values:
<ZSec> Test time in deciseconds.

Usage: Query only

MASK:ELAPsedtime[:SECS]?
Returns the test duration in seconds.

Return values:
<Sec> Time in seconds

Usage: Query only

Spectrum Analysis

O FFT MOGE. .t ettt ettt e et e e et e e e ate e e eate e e enbeeeeanes 304
o Spectrum Mode (R&S RTH-K18).....ocuiiiiiiiiiieie et 307
e Harmonic Mode (R&S RTH-B34).........umiiiiiiieeee ettt sernrrree e e e 319
FFT Mode

To activate FFT mode, use OP FET (see OP [ :MODE] on page 251).

SPECHUMISOURCE. ... i iiei it i e e i e eee e ettt ee s e s e e e e e aaaaaaaaeeeeeeeeeaeaeseaessnsanannnnnens 304
SPECtrum:FREQuency:BANDwidth[:RESOIUtiON][:VALUE]......ceeeeieeiieeeeeeeeiiee e e eeeeeveeeeeeeens 305
SPECHUM:FREQUENCY:CENTE ...t e e e et e e e e e e e e e e e et e eee et eeaee st s e ae e e e e e e e aaaaaaaaeeeees 305
SPECtrum:FREQUeNcY:HORIZONtAI:SCALE........ceeeeeeeeeeeeeeeeeeeeeeeeee e e e e e e e e e e e eeeeeees 305
SPECtrum:FREQUENCY:MAGNItUAE:SCALE. ....cvuvereiiiriiiieieieieeeeeeeeeeeaeeeeeeeeeeeeeeeesesesrasananas 305
SPECHtUM:FREQUENCY:SAMPIE?.....ccceeeeeeeeeeeeeeeeettt s e s e s e e e e e e aaaaeeeeeeeeeeeeeeeennennnnnnnnnnns 306
SPECtrum:FREQUENCY:SPAN:MODE..........cciiiiiiiiiiiieitieiiet s e e e e e e e e e e e eeereeeeeeeeeeenes 306
SPECtrum:FREQUENCY:SPAN[VALUEL. ...ctuuieitiieitiieieeetetiee e e e eeeetaseeeseetaaseeseeensnnsesseennnas 306
SPECtUM:FREQUENCY:STARL.....ciiiii ittt e e e e e e e e e e e e e e e e eeeeeeeaeeennnnanan 306
SPECHUM:FREQUENCY:STOP... .t e e e e e e e e e e e e e e e e e eeeeeeeneenenennnnaenn 307
SPECtrum:FREQUENCY:WINDOW:FACTOI?.....eieeeieeeeeietnnieeaaaaaae e e e e e eeeeaeaeeeeeeeeeeaeeeeenennnnnnns 307
SPECtrum:FREQUENCY:WINDOW:TYPE........cceiiiiiiieeeeeeeeetteteieeeeeese e e e e e e e eeaaaaeaeeeeeeeeeeees 307

SPECtrum:SOURce <Source>

Selects the channel for which the captured data is analyzed in FFT mode.
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Parameters:
<Source> C1|]C2|C3|C4

*RST: C1

SPECtrum:FREQuency:BANDwidth[:RESolution][:VALue]

Queries or defines the used resolution bandwidth. The value depends on the
SPECtrum: FREQuency: SPAN:MODE and CHANnel<m>:BANDwidth parameters.

In FFT mode, this command is query only.

Parameters:

<RBW> Range: 1 to 50E+9
Increment: 1E+6
*RST: 500E+3

Default unit: Hz

SPECtrum:FREQuency:CENTer <HorizCenter>

Queries or defines the used center frequency. The value depends on the SPECtrum:
FREQuency: SPAN:MODE and CHANnel<m>:BANDwidth parameters.

In FFT mode, this command is query-only.

Parameters:

<HorizCenter> Range: 500 to 500E+6
Increment: 10
*RST: 250E+6

Default unit: Hz

SPECtrum:FREQuency:HORizontal:SCALe <Scaling>
Defines the scaling method for the frequency (x-)axis of the spectrum display.

Parameters:
<Scaling> LINear | LOGarithmic

*RST: LINear

SPECtrum:FREQuency:MAGNitude:SCALe <MagnitudeUnit>

Queries or defines the scale unit for the amplitude range (y-axis) in the spectrum dis-
play.
In FFT mode, this command is query-only.

Parameters:
<MagnitudeUnit> DBM | DBV | DBA

*RST: DBM
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SPECtrum:FREQuency:SAMPIle?

Queries the sample rate with which FFT analysis is performed. This command is only
available in FFT mode.

Return values:

<FFTSmpFreqg> Range: 1 to 10E+9
Increment: 10
*RST: 1

Default unit: Hz

Usage: Query only

SPECtrum:FREQuency:SPAN:MODE <Mode>

Defines how many values are analyzed by a single FFT, and thus the frequency reso-

lution.

Parameters:

<Mode> NARRow | MAX
NARRow
8k values analyzed per FFT; time scale = 100 ms/div
MAX
64k values analyzed per FFT; time scale = 1 us/div
*RST: MAX

SPECtrum:FREQuency:SPAN[:VALue] <HorizontalSpan>

Queries or defines the used span, that is: how many values are analyzed by a single
FFT.

In FFT mode, this command is query-only.

Parameters:
<HorizontalSpan> 8E+6 | 64E+6

Range: 1000 to 500E+6
Increment: 1

*RST: 500E+6

Default unit: Hz

SPECtrum:FREQuency:STARt <HorizontalStart>

Queries or defines the start frequency of the used span. The value depends on the
SPECtrum: FREQuency: SPAN:MODE and CHANnel<m>:BANDwidth parameters.

In FFT mode, this command is query-only.
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Parameters:

<HorizontalStart> Range: 0 to 499.999E+6
Increment: 10
*RST: 0
Default unit: Hz

SPECtrum:FREQuency:STOP <HorizontalStop>

Queries or defines the stop frequency of the used span. The value depends on the
SPECtrum: FREQuency: SPAN:MODE and CHANnel<m>:BANDwidth parameters.

In FFT mode, this command is query-only.

Parameters:

<HorizontalStop> Range: 1000 to 500E+6
Increment: 10
*RST: 500E+6

Default unit: Hz

SPECtrum:FREQuency:WINDow:FACTor?
Queries the window factor used for FFT analysis.

Return values:

<WindowFactor> Range: 0.89 to 3.84
Increment: 0.1
*RST: 1.44

Usage: Query only

SPECtrum:FREQuency:WINDow:TYPE <WindowType>
Determines the window function used for FFT analysis. See Table 5-1 for details.

Parameters:

<WindowType> RECTangular | FLATtop | HAMMing | HANN | BLACkman

*RST: HANN

14.6.2 Spectrum Mode (R&S RTH-K18)

To activate Spectrum mode, use OP SPEC (see OP [ :MODE] on page 251).

The commands described here are specific to the Spectrum mode and require the
R&S RTH-K18 option to be installed.

In addition, the following commands from the FFT mode (integrated in the base unit)
are also supported:

® SPECtrum:SOURce on page 304

® SPECtrum:FREQuency:HORizontal:SCALe on page 305

® SPECtrum:FREQuency:CENTer on page 305
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® SPECtrum:FREQuency:SPAN[:VALue] on page 306
® SPECtrum:FREQuency:WINDow:TYPE on page 307
® SPECtrum:FREQuency:MAGNitude:SCALe on page 305

Commands specific to the Spectrum mode:

o Configuring the Measurement...........ccooo e 308
e Cursor Measurements in Spectrum MOde..........cuueeiiiiiiiiiiiiiee e 311
e Markers in SPectrum MOAE........ccoi it a e 314
e Exporting Spectrum Analysis RESUILS..........ccccuuviiiiiiiieee e 318

Configuring the Measurement

SPECHUMIMODE?. .. ettt et e et e e e e e e e et s e e e e e e e e et r e e e e eaas 308
SPECtrum:FREQUENCY:AVERAGEICOUNL......ceuureririerieiaiaieseeeeeeseseeaeeeesereeeeeeeeneenennnnnnnnns 308
SPECtrum:FREQuency:BANDwidth[:RESOIUtON]:AUTO.....cccevirieiieieeiiiieeeeeeiiae e 309
SPECtrum:FREQuency:BANDwWidth[:RESOIUtION]:RATIO....ccceererieeeereeiieieeeeeeiiee e e e eeein e 309
SPECtUM:FREQUENCY:FULLSPAN. ....ciitiiitititiittntaaae e ae e e e e e e e e aaaaeaeaeeeeeeeaeaeeseenennaneens 309
SPECtrum:FREQuency:MAGNitude:REFErenCe[:VALUE]........uuuuuaaaaaaaeeeeeeeeaeeeeeeeeeeeeeeeeeeens 309
SPECtrUM:FREQUENCY:POSIHION. ...ccciiiiiiiieeeeeeeeeeeeeee et e e s e e e e e e e e e e e e e e eeeeeeeeeeesessaranes 310
SPECHUM:FREQUENCY:SCALE.......oeeeiieeeeretiititieeeaeieieeeeeeeeeeeeeeeeeeeeeeeeesrabarnaaaaaaens 310
SPECtrum:WAVeform:AVERAGE[IENABIE].....uuuuueieieieieieeeeeeeeeeeeeeeeeeeeeeeererararaaeaneeeaees 310
SPECtrum:WAVeform:MAXIMUM[EENABIE]......cuuueiieeiietiiceeeeeeeeee et e e e e e e e e e e e erannes 311
SPECtrum:WAVeform:MINIimUM[:ENABIE].......ccceiirieeieieeeiiie e eeeeenee e e e eeetre s e e seeenn e s eeeeees 311
SPECtrum:WAVeform:SPECHUM[ENABIE]......uuuiiiieieeie ettt 311
SPECHUM:FREQUENCY:RESEL....uutitiiiiiiieieieieeeeeeeeeee ettt ee s e e e e e e e aeaaaaaaeaeeeees 311
SPECtrum:MODE?

Queries the most recently activated spectrum analysis mode.

Return values:

<Mode> FFT | SPECtrum
*RST: FFT
Usage: Query only

SPECtrum:FREQuency:AVERage:COUNt <NoOfAvgs>

Defines the number of measurements to average for the average trace (see
SPECtrum:WAVeform:AVERage [ : ENABle] on page 310).

Parameters:

<NoOfAvgs> Range: 2 to 1024
Increment: 2
*RST: 64
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SPECtrum:FREQuency:BANDwidth[:RESolution]:AUTO <State>

If enabled, the optimal resolution bandwidth is determined automatically by the spec-
trum application according to the frequency span and selected window type.

If disabled, the RBW is set according to the ratio defined by SPECt rum: FREQuency:
BANDwidth[:RESolution] :RATio on page 309.

Parameters:
<State> ON | OFF

*RST: ON

SPECtrum:FREQuency:BANDwidth[:RESolution]:RATio <RBWRatio>

Determines the resolution of the spectrum, that is: the minimum distance between two
distinguishable frequencies.

If you change the span, the RBW is automatically adjusted to the minimum or maxi-
mum allowed value, if necessary.

In FFT mode, this command is read-only.

Parameters:
<RBWRatio> R10 | R20 | R50 | R100 | R200 | R500 | R1K
R10
Corresponds to the "RBW:Span Ratio" setting "1:10" in manual
operation.
R1K

Corresponds to the "RBW:Span Ratio" setting "1:1000" in man-
ual operation.

*RST: R200

SPECtrum:FREQuency:FULLspan

This command is only available in Spectrum mode. It sets the displayed frequency
range to the entire measured span.

Usage: Event

SPECtrum:FREQuency:MAGNitude:REFerence[:VALue] <RefLevel>

Defines the expected maximum input signal level. Signal levels above this value may
not be measured correctly. The reference level is also used as the maximum on the y-
axis.

This command is only available in Spectrum mode.
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Parameters:

<RefLevel> Range: -160 to 160
Increment: 1
*RST: 0

Default unit: dB

SPECtrum:FREQuency:POSition <Frequency>

Configures the position of the spectrum within the vertical diagram grid. Changing this
value has the same effect as using the POS keys on the instrument.

Note that this command contains the keyword FREQuency for compatibility reasons. In
effect, it changes the level position in the spectrum diagram.

Parameters:

<Frequency> Defines the number of divisions in the vertical grid that the spec-
trum is moved up (positive value) or down (negative value).
Range: -4 to 4
Increment: 0.5
*RST: 2

Default unit: none

SPECtrum:FREQuency:SCALe <VerticalScale>

Configures the scale of the y-axis of the spectrum, which is indicated in the channel
settings beneath the spectrum diagram. Changing this value has the same effect as
using the RANGE keys on the instrument.

Note that this command contains the keyword FREQuency for compatibility reasons. In
effect, it changes the level scaling in the spectrum diagram.

Parameters:
<VerticalScale> Defines the level range displayed in one division of the vertical
grid.
Range: 0.5 to 40
Increment: 0.1
*RST: 10
Default unit: dB
Usage: Asynchronous command

SPECtrum:WAVeform:AVERage[:ENABIe] <State>

Displays the averaged spectrum trace. The number of traces to average is defined
using SPECtrum: FREQuency: AVERage : COUNt on page 308.

Parameters:
<State> ON | OFF

*RST: OFF
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SPECtrum:WAVeform:MAXimum[:ENABIe] <State>
Displays the "Max Hold" spectrum trace.

Parameters:
<State> ON | OFF

*RST: OFF

SPECtrum:WAVeform:MINimum[:ENABIe] <State>
Displays the "Min Hold" spectrum trace.

Parameters:
<State> ON | OFF

*RST: OFF

SPECtrum:WAVeform:SPECtrum[:ENABIe] <State>
Displays the clear/write spectrum trace.

Parameters:
<State> ON | OFF

*RST: ON

SPECtrum:FREQuency:RESet

Clears the results for previous measurements used in statistical evaluation (see
SPECtrum:WAVeform:AVERage [ :ENABle], SPECtrum:WAVeform:MAXimum][ :
ENABle], SPECtrum:WAVeform:MINimum[ :ENABle] and SPECtrum:
FREQuency:AVERage : COUNt on page 308).

Usage: Event

Cursor Measurements in Spectrum Mode

Special cursor commands are available for the Spectrum mode.

SPE CHUM:CUR S OIS S T AT €.ttt eeeeeiiie e e e eeeetee e e e e et ee e e e e e eeaa s e e e eeaanaeseeeeeanan s eeeeeesnnanes 311
SPECtUM:CURSOIr<M>:SOURCE. ....cetttuuiieeieiiiiiieiee ettt ie e e e eetae e e e s e eat e e s e e e e aaa e e e eeesrnnn s 312
SPECHtrUM:CURSOIr<M>:COUPIING...ccettrurturirnniaieieieieseeeeeeeeeeeesererereesssrsrsrsnnnneaeeees 312
SPECHrUM:CURSOr<M> SCPLING...ciittiieiiccciiirieeteeeie e e e e e sessitrsreeeeeeraaeeessssssnnnssraeeeeeeaaaeens 312
SPECtrum:CURSOr<m>:FREQUENCY[:VALUE]L......uucieiieiiiirieiieeeetieaeseeeeeetaseeeeesannnseeesensanns 313
SPECtrum:CURSO0or<m>:FREQUENCY:DELTA?. .. iiiiieieiiieeeieieeeee ettt 313
SPECtrum:CURSOr<m>:LEVEI[:-VALUE]?. ...ttt ee 313
SPECtrum:CURSOr<mM>:LEVEIDELTA?. ... it i eeiiiiie e e ceeeiie e e e eeeee e e e e e et e e e e e et e e e e ee s 313
SPECHrUM:CURSOr<M> SCREEN. ... euttiiieieeeeieisceteteeierereaaaeesssssesssareeeeeereaeaeesassssnsesneneeees 314

SPECtrum:CURSor<m>:STATe <State>

Enables or disables the spectrum cursor measurement.
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Suffix:

<m> 1.2
Parameters:

<State> ON | OFF

*RST: OFF

SPECtrum:CURSor<m>:SOURce <TraceSource>

Selects the trace on which the cursors are placed. Only active traces are available.
See:

® SPECtrum:WAVeform:MAXimum[:ENABle] on page 311

® SPECtrum:WAVeform:MINimum[:ENABle] on page 311

® SPECtrum:WAVeform:SPECtrum[:ENABle] on page 311

® SPECtrum:WAVeform:AVERage[:ENABle] on page 310

Suffix:

<m> 1.2

Parameters:

<TraceSource> SPECtrum | MAXimum | MINimum | AVERage

*RST: SPECtrum

SPECtrum:CURSor<m>:COUPIling <State>

Couples the cursor lines so that the distance between the two lines remains the same
if one cursor is moved.

Suffix:
<m> 1.2
irrelevant
Parameters:
<State> ON | OFF
*RST: OFF

SPECtrum:CURSor<m>:SCPLing <State>

If enabled, the position of the cursor lines is adjusted if the vertical or horizontal scales
are changed. The cursor lines keep their relative position to the waveform.

If disabled, the cursor lines remain on their position on the display if the scaling is

changed.

Suffix:

<m> 1.2
Parameters:

<State> ON | OFF

*RST: ON
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SPECtrum:CURSor<m>:FREQuency[:VALue] <Frequency>

Queries the frequency at the specified cursor.

Suffix:

<m> 1.2

Parameters:

<Frequency> Range: 0 to 500E+6
Increment: 10
*RST: 100E+6

Default unit: Hz

SPECtrum:CURSor<m>:FREQuency:DELTa?

Queries the difference between the measured frequencies at both cursors.

Suffix:

<m> 1.2
irrelevant

Return values:

<FrequencyDelta> Range: -500E+6 to 500E+6
Increment: 10
*RST: 300E+6

Default unit: Hz

Usage: Query only

SPECtrum:CURSor<m>:LEVel[:VALue]?
Queries the measured level at the specified cursor.

Suffix:
<m> 1.2

Return values:

<Level> Range: -260 to 260
Increment: 1
*RST: 0

Default unit: dB
Usage: Query only

SPECtrum:CURSor<m>:LEVel:DELTa?
Queries the difference in the measured levels for both cursors.

Suffix:
<m> 1.2
irrelevant
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Return values:

<LevelDelta> Range: -520 to 520
Increment: 1
*RST: 0

Default unit: dB
Usage: Query only

SPECtrum:CURSor<m>:SCReen

Sets the cursors to a default position on the screen.

Suffix:
<m> 1.2
Usage: Event

Markers in Spectrum Mode

Special marker commands are available for the Spectrum mode.

SPE CHUMIMARKEM: ST AT ettt it eeeitiie e e et ette i e e e e ettt s e e e e eeiae e e eeeaat e e e s eeesnaeeeeeensnnaaaaens 314
SPECHrUM:MARKEICOUNL. ... e e et e e e e e e e e eeenns 314
SPECHUMMARKEINSOURCE. ....uuiiiieeiiiieeeeeeeie e e e e e e et s e e e eettaaeeaessatt e e eeeseanna e eeeeernnanns 315
SPECtrumM:MARKErSETUP:DISTANCE. .......cceeeieeeeeeeeeteitiieieeeee e e e e e e e eeeeeeeeeeeeeeeeeeesesssraaanas 315
SPECtrUmM:MARKErSETUP:EXCUISION.......ccieeeeerirereiriresisaaeieieseseeeeeaeaeasesesereeeeesessrsssanane, 315
SPECtUM:MARKENSETUP:MLEVEL ccuuuuiiiieiietie ettt e ettt ettt e e e e e eaabe e e e e s eeba e e e e 315
SPECHUM:MARKENRCOUNE ... iiieieeiiie ettt e e e et s e e s e e e s e e s eeaae s e e e eeeannneaaes 316
SPECtrum:MARKer:RESult<m>:FREQUENCY[:-VALUE]?.....ccitieieeeeeaeaeaeeeee e 316
SPECtrum:MARKer:RESult<m>:FREQUENCY:DELTA?......uuiiiiiaieie e e ee e e 316
SPECtrum:MARKer:RESUIt<Km>:LEVEI[:VALUE]?....cee et 317
SPECtrum:MARKer:RESU<KM>:LEVEIDELTA?....uuuiieieeeieeeeeeeeercirniereeeeeeeeeesssssnnsnnneeeeees 317
SPECtrum:MARKer:RMARKENFREQUENCY ?....ceiiiiiiiieiiiaiiiiiieteeeet e e e e e e e e e e e e e e e e e 317
SPECtrUM:MARKENRMARKEIVALUE?. .. .ceieieeeeeeeeeeeeeeeeeeeteteae s ss s e e e e e e e aaaaaaaaeeseeeeenees 318

SPECtrum:MARKer[:STATe] <State>
If enabled, a peak search is performed on the current spectrum results.

Parameters:
<State> ON | OFF

*RST: OFF

SPECtrum:MARKer:COUNt <NumberOfMarkers>

Defines the number of markers used to indicate peaks in the spectrum results. With 3
active markers, the 3 peak values in the spectrum are indicated.
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Parameters:

<NumberOfMarkers> Range: 1
Increment: 1
*RST: 3

to 15

SPECtrum:MARKer:SOURce <TraceSource>
Determines the trace used for the peak search.

Parameters:
<TraceSource> SPECtrum | MAXimum | MINimum | AVERage

*RST: SPECtrum

SPECtrum:MARKer:SETup:DISTance <Distance>

Defines a minimum distance between two frequencies that must be exceeded in order
to detect individual peaks.

Parameters:

<Distance> Range: 0 to 500E+6
Increment: 10
*RST: 1E+6

Default unit: Hz

SPECtrum:MARKer:SETup:EXCursion <Excursion>

Defines a relative threshold, the minimum level value by which the waveform must rise
or fall to be considered a peak. To avoid identifying noise peaks, enter a peak excur-
sion value that is higher than the noise levels.

See also "Peak excursion" on page 119.

Parameters:

<Excursion> Range: 0 to 260
Increment: 1
*RST: 10

Default unit: dB

SPECtrum:MARKer:SETup:MLEVel <Threshold>

Defines an absolute level threshold as an additional condition for the peak search.
Only peaks that exceed the threshold are detected.

Parameters:

<Threshold> Range: -260 to 260
Increment: 1
*RST: -40

Default unit: dB
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SPECtrum:MARKer:RCOunt?

Queries the number of markers for which peaks were actually detected during the peak
search. Note that the number of markers is restricted by the SPECt rum: MARKer :
COUNt command.

Return values:

<NumberOfResults> Range: 0
Increment: 1
*RST: 0

to 15

Usage: Query only

SPECtrum:MARKer:RESult<m>:FREQuency[:VALue]?
Queries the frequency of the specified marker.

Suffix:

<m> 1to 15
Number of the marker. The maximum number depends on how
many markers were selected and how many peaks were detec-
ted (see SPECtrum:MARKer:RCOunt? on page 316).

Return values:

<Frequency> Range: -10E+9 to 10E+9
Increment: 10
*RST: 10E+6

Default unit: Hz

Usage: Query only

SPECtrum:MARKer:RESult<m>:FREQuency:DELTa?

Queries the frequency difference between the reference marker and the specified
marker.

Suffix:

<m> 1to 15
Marker; maximum depends on active markers and detected
peaks (see SPECtrum:MARKer: COUNt and SPECtrum:
MARKer :RCOunt?

Return values:

<FrequencyDelta>  Range: -10E+9 to 10E+9
Increment: 10
*RST: 10E+6

Default unit: Hz

Usage: Query only
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SPECtrum:MARKer:RESult<m>:LEVel[:VALue]?

Queries the power level of the specified marker in relation to the reference marker (see
SPECtrum:MARKer :RMARker: VALue? on page 318).

Suffix:

<m> 1to 15
Number of the marker. The maximum number depends on how
many markers were selected and how many peaks were detec-
ted (see SPECtrum:MARKer:RCOunt? on page 316).

Return values:

<Level> Range: -260 to 260
Increment: 1
*RST: 0

Default unit: dB
Usage: Query only

SPECtrum:MARKer:RESult<m>:LEVel:DELTa?
Queries the level difference between the reference marker and the specified marker.

Suffix:

<m> 1to 15
Marker; maximum depends on active markers and detected
peaks (see SPECtrum:MARKer:COUNt and SPECtrum:
MARKer:RCOunt?

Return values:

<LevelDelta> Range: -520 to 520
Increment: 1
*RST: 0

Default unit: dB
Usage: Query only

SPECtrum:MARKer:RMARker:FREQuency?

Queries the frequency of the reference marker. The reference marker is the one with
the highest level.

Return values:

<Frequency> Range: -10E+9 to 10E+9
Increment: 10
*RST: 10E+6

Default unit: Hz

Usage: Query only
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SPECtrum:MARKer:RMARker:VALue?
Queries the measured level at the reference marker.

Return values:

<Level> Range: -260 to 260
Increment: 1
*RST: 0

Default unit: dB
Usage: Query only
14.6.2.4 Exporting Spectrum Analysis Results

You can export the spectrum results to a file, similar to waveforms (see Chapter 14.13,
"Documenting Results", on page 424).

SPECHUM:IEXPOIMINAME. ... .ottt et e et r et et e e e s b e e s s eb s s s e esn e raneeanenns 318
SPECHUM:IEXPOIMISAVE. ...ttt et e et ee e s e e e e sasa s eareaensn 318
SPECHUM:EXPOIINCXVAIUES.....cceiieiieeeee et e et e e e et e et s et s e e et s e s s eansesneseaaranss 318

SPECtrum:EXPort:NAME <Name>
Defines the file name, file format and path to save the spectrum measurement results.

Parameters:
<Name> String with path and file name with extension .csv.

SPECtrum:EXPort:SAVE

Saves the results of the spectrum measurement to the file specified using SPECt rum:
EXPort :NAME.

For a description of the file format see Chapter 5.2.9, "Spectrum Results Export File
Format", on page 124.

Example: SPECtrum:EXPort:NAME 'SpectrumResults'
SPECtrum:EXPort:SAVE
SPECtrum:EXPort :NAME?
//Result: /media/SD/Rohde-Schwarz/RTH/Export/SpectrumResults.csv

Usage: Event

SPECtrum:EXPort:INCXvalues <State>
Includes the frequency values in the stored results.

Parameters:
<State> ON | OFF

*RST: ON
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14.6.3 Harmonic Mode (R&S RTH-B34)

14.6.3.1

To activate Harmonic mode, use OP HARM (see OP [ : MODE] on page 251).

The following commands are only available if the Harmonic Analysis option R&S RTH-
B34 is installed.

e Configuring Harmonic Measurements. ..o 319
e Retrieving and Exporting Harmonic ReSUIES.........ccccuvvieeeiieeee i 323

Configuring Harmonic Measurements

HARMONICAVERAQJE. ... cttteteaae e e e e e e e ee e e e e e e ee ettt eeeeeaees e s e e e e e e e e eeeeeaaaaeaeeeeeeeenaneesennnnnn 319
HARMONIC:CLEAN........ciiiiieieiitiiceeieeee et eeeeeeeeeeeeeeeeeeeeeeesesssrabasaaa e seseeaasaaaasaseseerereesens 319
HARMONIC:DISPIAY: TYPE.......cciiieeeeeeeeetetetett e e e e e s e e e e e e eaeaeaeeeeeereeeeesssararabaa e eeeaees 319
HARMONIC:DISPIAY:USER. ... . e ciiiieieie e e e eeeeeeeeeee e e e eeeee et ss s se s e s e e e eaaaaaaaaaeeeeeesesnnennns 320
HARMonic:FUNDamental:CURREN?.........ouueiiiii ettt e e e et e et e e e teeeeanaas 320
HARMONIC:FUNDamMENtal: TYPE. ... ..ottt et e e et e et e e e eeeea s 320
HARMonNic:FUNDamental:USER..........cou ettt eeaans 321
HARMONIC:LIMItSICURRENT?.....eeei ettt e e et e et e e e eae e e e e e enaneeeean 321
HARMONICILIMItS:LOAD. ... ctieteie et e et et e e st e e s et e e e e e eae e s ean s e s ensenearenrens 321
HARMONICLIMIESINAME . ..1.ttttieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaesetb e eaaaeseseeeaeaeseseseseeeeesessssarasanas 322
HARMONIC:LIMIES TYPE . .. ctttuieeeeeeteteeeee et e e e e et eetee e e e e e et e e e e e s e eab s eeeseesaaasaeeeestannaeeseesnen 322
HARMONICISCALE. ..ttt ettt e ettt e et e e et ee e e et e e e eaaeeeeaaaeeetaaeesnnaasannaeeen 322
HARMONIC: S T ATIStIC. ettt ee ettt e e et e et ettt e et e e e e e e e e et e e e e e e e e e e e e eaeeeennnaes 322
HARMONIC THD TYPE. ettt eeea e e e e s e e e e e e e e e e e e e e et e ee et eneeaeeentnn e e e ae e e eeeeeeaeeaeaeeeeeeeennnnnnns 323

HARMonic:AVERage <Average>

Determines the number of measurements for which the results are averaged. By
default, no averaging is performed.

Parameters:

<Average> OFF | AV2 | AV4 | AV8 | AV16 | AV32
*RST: OFF

HARMonic:CLEar

Clears the results for previous measurements used in statistical evaluation (see
HARMonic:AVERage on page 319 and HARMonic:STATistic on page 322).

Usage: Event

HARMonic:DISPlay:TYPE <Selection>
Determines the number of harmonics to be displayed in the bargraph.

Note that this setting only affects the graphical result display; it has no effect on the
selection of harmonics for which results are provided during a file export (manually or
via remote command). For that purpose, use HARMonic:LIMits: TYPE on page 322.
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Harmonics that were previously eliminated by the HARMonic:LIMits:TYPE com-
mand cannot be displayed.

Parameters:
<Selection> ALL | EVEN | ODD | ODD3 | ODN3 | USER

OoDD3
All harmonics with an odd-numbered order that is a multiple of 3

ODN3
All harmonics with an odd-numbered order that cannot be divi-
ded by 3

USER
Selects a user-defined number of harmonics. Define the number
of harmonics using the HARMonic:DISPlay:USER command.

*RST: ALL

HARMonic:DISPlay:USER <MaxHarmonics>

Determines the maximum number of harmonics to be displayed in the bargraph. This
command requires a preceding HARM:DISP:TYPE USER command.

Note that this setting only affects the graphical result display; it has no effect on the
selection of harmonics for which results are provided during a file export (manually or
via remote command). For that purpose, use HARMonic:LIMits:TYPE on page 322.

Harmonics that are eliminated by the HARMonic:LIMits: TYPE command cannot be

displayed.
Parameters:
<MaxHarmonics> Range: 1 to 64
Increment: 1
*RST: 10
Example: HARM:DISP:TYPE USER

HARM:DISP:USER 25
Displays the first 25 harmonics.

HARMonic:FUNDamental: CURRent?

Return values:

<CurrFreg> Range: 10 to 1000
Increment: 0.01
*RST: 50

Default unit: Hz

Usage: Query only

HARMonic:FUNDamental: TYPE <Fundamental>

Defines the basis of the harmonics measurement. Harmonics are determined as multi-
ples of this frequency.
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Parameters:
<Fundamental> F50 | F60 | F400 | USER

F50

50 Hz

F60

60 Hz

F400

400 Hz

USER

User-defined frequency; define the frequency using HARMonic:
FUNDamental : USER

*RST: F50
Example: HARMonic:FUNDamental:TYPE USER
HARMonic:FUNDamental :USER 123

HARMonic:FUNDamental : CURRent?
//Result: 123

HARMonic:FUNDamental:USER <UserFrequency>

Defines the user-defined fundamental frequency for HARMonic: FUNDamental : TYPE
USER!:

Parameters:

<UserFrequency> Range: 10 to 1000
Increment: 0.1
*RST: 50
Default unit: Hz

Example: HARMonic:FUNDamental:TYPE USER
HARMonic:FUNDamental :USER 123
HARMonic:FUNDamental : CURRent?
//Result: 123

HARMonic:LIMits:CURRent?

Return values:
<Current>

Usage: Query only

HARMonic:LIMits:LOAD
Loads the file selected by HARMonic:LIMits :NAME on page 322.

Example: HARM:LIM:NAME
' /media/SD/Rohde-Schwarz/RTH/Harmonic/LimitExample.csv'
HARM:LIM:LOAD

Usage: Event
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HARMonic:LIMits:NAME <FileName>

Parameters:

<FileName> String containing the path and name of the user-defined configu-
ration file to be loaded.

Example: HARM:LIM:NAME

' /media/SD/Rohde-Schwarz/RTH/Harmonic/LimitExample.csv'
HARM:LIM:LOAD

HARMonic:LIMits:TYPE <Type>
Defines the type of limit check to be performed.

Parameters:
<Type> NONE | EN50160 | USER

NONE
No limit check is performed.

EN50160
Limits are checked according to the predefined values in the
EN50160 standard.

USER

Limits are checked according to the values in a user-defined file
(see HARMonic:LIMits:LOAD on page 321). For details on
the required file format see Chapter 5.3.6.1, "Limit File Format",
on page 134.

*RST: NONE

HARMonic:SCALe <Unit>

Switches the scale for the measured harmonic levels between logarithmic (db) and lin-
ear (percent). The values are relative to the level measured for the fundamental fre-
quency, or to the level measured for the entire signal, depending on the selected THD
type (see HARMonic: THDType on page 323).

Parameters:
<Unit> PERCent | DB

*RST: DB

HARMonic:STATistic <Type>

By default, the numeric results indicate the currently measured values. Optionally, you
can switch to the minimum or maximum values.

Parameters:
<Type> CURRent | MIN | MAX

*RST: CURRent
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HARMonic:THDType <THDType>

Parameters:
<THDType> THDF | THDR

THDF
The RMS amplitude (voltage or current) of the harmonics rela-
tive to the RMS amplitude of the fundamental component

THDR
The RMS amplitude of the harmonics relative to the RMS ampli-
tude of the input signal

*RST: THDF

14.6.3.2 Retrieving and Exporting Harmonic Results

You can export the harmonic results to a file, similar to waveforms (see Chapter 14.13,
"Documenting Results", on page 424).

HARMONIC:EXPOIINAME. .....cceti et et s e ettt e e e e et s e e e et s e e e e s e ea s e e e e e e taneeeeeeenraaeeas 323
HARMONICIEXPOITSAVE. ... ettt e e e et et e e e e e e e e e eans 324
HARMONIC:RESURSM>ICLIPDING? ...t e e e e e ee et e e e e e e e e e e e e e e aeeeeeeeeneneees 324
HARMONIC:RESUIKM>FRQMISSING?...vvvuretturnuiiiieaieieteeeeeeeeeseeeeeeeereeeesserarnranns 324
HARMONIC:RESUIKM>:FUNDAMENLAI?.......uvieieiiieeeeeeiieciiriee e e e s e e e e sessinrreeeeeeeaaeeeesennnns 325
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude:MAXIimUM?...........coevrrrrvevrrrrnrnnnnnnn. 325
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude:MINIiMmumM?........c.cccceeeeeeiriiiiiiinineenens 325
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude[:CURReNt]?............coerrirrrmmrerenennnne 325
HARMonic:RESult<m>:HARMOoNIcS<N>:LIMCHhECK?......ccuvuiiiiieeiiiie e e e e 325
HARMonic:RESult<m>:HARMONICS<N>:LIMIt?......ciceieiiiieieeeceeiiee e 326
HARMonic:RESult<m>:HARMonNics<n>:LIMViolation?........cceeieeeeeiiiiiciiniieneeeeeeeeeeesesennenns 326
HARMonic:RESUIt<m>:HARMONICS<N>PHASE?.......ccceicciiriiiieeee e e e e e s ceinnne e e e e e e 327
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude:MAXIMUM?..........ouvmrumniiiiiiieeerennnn 328
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude:MINimum?............ccceerrmrmmmmmrnrnnnnnnns 328
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude[: CURRENt]?......cccceiiirirriiiiaaaaaiieeeees 328
HARMonic:RESult<m>:HARMOoNIcS<N>[:FREQUENCY]?... . uceeeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeneneeees 328
HARMONIC:RESUIKM>:LIMVIOIGtON?. ... eeereieeeeeeieeeeeesesseieieeeeee e e e e e e e s s s sssnenreeeeeeeeeeeeeeenan 328
HARMONIC:RESUIKM>NOHEAMONICS?...eeieieieiiicciiiiiieeeeeee e e e e s e ssecntterereeeeaae e e s e s snnenraneeees 329
HARMONIC:RESUISM>NORESUIIS?......ccceeeieeeeeeeeeieieieitceesss s e s e e e e e e e e e e e eereeeeeeeeneesennnnnnnnas 329
HARMONIC:RESUI<KM>:RMS:MAXIMUM?....cceeiiiieiiiiiiiiiieiaeaeeeeeeeeaeaeaeeeeeeeeeeeeseesssnnsnnnnnannns 329
HARMOoNic:RESUt<mM>:RMS:MINIMUM?....cceirreeiieeiiiiiieeeeeeiaeee s eeseeie e e e eeeanaeseeeenennseaaeees 329
HARMOonNic:RESUlt<m>:RMS[:CURRENL]?......ceiiiieiei et 329
HARMONIC:RESU<KM>THD:IMAXIMUM?. . e ettt r e e e e e e e e e e eas 330
HARMONIC:RESUIt<M>:THD:MINIMUM?...eeiiiiiereeeeieiicieiieeeeeeeeeeesessssennnseeeeeeeeesaeessssnnnnnnns 330
HARMONIC:RESUIKM>THD[:CURREN?...cieieieeeeeeeeeeeeeeeeeeeeeeettet e e e e e e e e e e e aeeaaeeeeeeees 330

HARMonic:EXPort:NAME <Name>
Defines the file name, file format and path to save the harmonic measurement results.

Parameters:
<Name> String with path and file name with extension .csv.
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HARMonic:EXPort:SAVE

Saves the results of the harmonic measurement to the file specified using HARMonic:
EXPort : NAME.

Exarnple: HARMonic:EXPort:NAME 'HarmonicResults'
HARMonic:EXPort:SAVE
HARMonic:EXPort :NAME?
//Result: /media/SD/Rohde-Schwarz/RTH/Export/HarmonicResults.csv

Usage: Event

HARMonic:RESult<m>:CLIPping?

Indicates whether clipping has occurred, that is: the amplitudes exceed the currently
defined amplitude range.

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
Input channel

Return values:
<State> ON | OFF

ON
Clipping has occurred, increase the amplitude range (see
CHANnel<m>:RANGe on page 253).

OFF
No clipping has occurred, the current measurement settings are
suitable.

*RST: OFF
Usage: Query only

HARMonic:RESult<m>:FRQMissing?

Queries whether the fundamental frequency was detected in the input signal or not. If
the specified frequency +10 % is not detected in the signal, the measurement is invalid.

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
Return values:
<State> ON | OFF
OFF

The fundamental frequency was not detected, the measurement
is invalid. Define the correct frequency of the input signal.

ON

The fundamental frequency was detected, the measurement is
valid.

*RST: OFF
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Usage: Query only

HARMonic:RESult<m>:FUNDamental?

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
Return values:
<Frequency> Range: 9 to 1005
Increment: 10E-6
*RST: 0

Default unit: Hz

Usage: Query only

HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude:MAXimum?
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude:MINimum?
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude[:CURRent]?

Returns the currently measured, minimum or maximum power level of the selected

harmonic.

Suffix:

<m> 1|12 (RTH1002) , 1..4 (RTH1004)
<n> 1..64

Order of harmonic (possibly restricted, see HARMonic:
RESult<m>:NOHarmonics?)

Return values:
<AbsMagnitude>

Usage: Query only

HARMonic:RESult<m>:HARMonics<n>:LIMCheck?

Queries whether a limit is defined for the specified harmonic (either by the EN50160
standard or by a user-defined configuration file). Only if a limit value is defined, a limit
check is performed for the harmonic.

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
<n> 1..64

Order of harmonic (possibly restricted, see HARMonic:
RESult<m>:NOHarmonics?)
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Return values:
<State> ON | OFF

ON
A limit is specified and a limit check will be performed.

OFF
No limit is specified, so no limit check will be performed for the
harmonic.

Example: HARM:LIM:TYPE EN50160
HARM:RES1:HARM2 : LIMC?
//Result: 1
HARM:RES1:HARM2 : LIM?
//Result: 2%
HARM:RES1:HARM2 : LIMV?
//Result: 0

Usage: Query only

HARMonic:RESult<m>:HARMonics<n>:LIMit?
Queries the limit defined for the specified harmonic.

Note: Only if a limit value is defined, a limit check is performed for the harmonic (see
HARMonic:RESult<m>:HARMonics<n>:LIMCheck? on page 325).

Suffix:
<m> 1|2 (RTH1002), 1..4 (RTH1004)
<n> 1..64

Order of harmonic (possibly restricted, see HARMonic:
RESult<m>:NOHarmonics?)

Return values:
<Limit> percentage

Example: HARM:LIM:TYPE EN50160
HARM:RES1 :HARM2 : LIMC?
//Result: 1
HARM:RES1 :HARMZ2 : LIM?
//Result: 2%
HARM:RES1:HARM2 : LIMV?
//Result: 0

Usage: Query only

HARMonic:RESult<m>:HARMonics<n>:LIMViolation?
Queries whether the calculated level for the specified harmonic exceeds the defined.

Note: Only if a limit value is defined, a limit check is performed for the harmonic (see
HARMonic:RESult<m>:HARMonics<n>:LIMCheck? on page 325).
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Tip: To query the result of the limit check for the entire signal, use HARMonic:
RESult<m>:LIMViolation? on page 328.

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
<n> 1..64

Order of harmonic (possibly restricted, see HARMonic:
RESult<m>:NOHarmonics?)

Return values:
<State> ON | OFF

ON
A limit violation occurred - the limit was exceeded.

OFF
No limit violation occurred.

Example: HARM:LIM:TYPE EN50160
HARM:RES1 :HARM2 : LIMC?
//Result: 1
//The EN50160 defines a limit of 2% for the
//second order harmonic.
HARM:RES1:HARMZ2 : LIM?
//Result: 2
HARM:RES1 :HARMZ2 : LIMV?
//Result: 1
//The calculated value exceeds the defined
// limit for the second harmonic.
HARM:RES1:LIMV?
//Result: 1
//Since the limit check for the second harmonic
// failed, the limit check for the entire
// signal failed.

Usage: Query only

HARMonic:RESult<m>:HARMonics<n>:PHASe?

Queries the calculated phase value for the specified harmonic.

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
<n> 1..64

Order of harmonic (possibly restricted, see HARMonic:
RESult<m>:NOHarmonics?)

Return values:
<Phase> Default unit: degrees

Usage: Query only
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HARMonic:RESult<m>:HARMonics<n>:RELMagnitude:MAXimum?
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude:MINimum?
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude[: CURRent]?

Returns the currently measured, minimum or maximum power level of the selected
harmonic, relative to the power level of the fundamental frequency.

Suffix:
<m> 112 (RTH1002) , 1..4 (RTH1004)
<n> 1..64

Order of harmonic (possibly restricted, see HARMonic:
RESult<m>:NOHarmonics?)

Return values:
<RelMagnitude> Default unit: %

Usage: Query only

HARMonic:RESult<m>:HARMonics<n>[:FREQuency]?

Queries the determined frequency value for the specified harmonic.

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
<n> 1..64

Order of harmonic (possibly restricted, see HARMonic:
RESult<m>:NOHarmonics?)

Return values:
<Frequency> Default unit: Hz

Usage: Query only

HARMonic:RESult<m>:LIMViolation?

Queries the result of the limit check for all harmonics. If a single harmonic violates its
defined limit, the limit check for the entire signal fails.

Note: Only if a limit value is defined, a limit check is performed for the harmonic (see
HARMonic:RESult<m>:HARMonics<n>:LIMCheck? on page 325).

Tip: To query the result of the limit check for an individual harmonic, use HARMonic:
RESult<m>:HARMonics<n>:LIMViolation? on page 326.

Suffix:
<m> 112 (RTH1002) , 1..4 (RTH1004)
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Return values:
<State> ON | OFF

ON
A limit violation occurred for at least one harmonic - the limit
check for the signal failed.

OFF
No limit violations occurred. The limit check was passed.

*RST: OFF
Usage: Query only

HARMonic:RESult<m>:NOHarmonics?

Returns the number of harmonics for which results are displayed. The maximum num-
ber of 64 harmonics may be restricted due to the HARMonic:L.IMits: TYPE com-

mand.

Suffix:

<m> 1|12 (RTH1002) , 1..4 (RTH1004)

Return values:

<NoSelection> Range: 1 to 64
Increment: 1
*RST: 64

Usage: Query only

HARMonic:RESult<m>:NOResults?

Returns the number of results included in averaging or statistics calculations. Invalid
measurements are not included.

Suffix:
<m> 112 (RTH1002) , 1..4 (RTH1004)
Return values:
<NoResults> Range: 0 to 4000000000
Increment: 1
*RST: 0
Usage: Query only

HARMonic:RESult<m>:RMS:MAXimum?
HARMonic:RESult<m>:RMS:MINimum?
HARMonic:RESult<m>:RMS[:CURRent]?

Returns the currently calculated, minimum, or maximum root mean square of the
power in the entire signal, that is: for all harmonics and the fundamental frequency.

Suffix:
<m> 112 (RTH1002) , 1..4 (RTH1004)
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Return values:

<RMS> Range: 0 to 100E+3
Increment: 1E-12
*RST: 0

Usage: Query only

HARMonic:RESult<m>:THD:MAXimum?
HARMonic:RESult<m>:THD:MINimum?
HARMonic:RESult<m>:THD[:CURRent]?

Returns the currently calculated, minimum, or maximum THD (total harmonic distor-
tion), that is: the RMS of the amplitude of the harmonics. Which value the THD is set in
relation to depends on the HARMonic: THDType command.

Suffix:
<m> 112 (RTH1002) , 1..4 (RTH1004)

Return values:
<THD> Range: 0 to 1000

Increment: 0.1
*RST: 0
Default unit: %

Example: HARM:THDT THDF

HARM:RES1:THD?

Returns the RMS amplitude (voltage or current) of the harmon-
ics relative to the RMS amplitude of the fundamental compo-
nent.

Usage: Query only

Digital Multimeter (R&S RTH1002)
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RESUIES ...ttt e e s e e e e e e e aaaaaeaeeeeeeeaeaaes 342

Activating the Multimeter mode

To activate the DMM, use OP METer.

OP[:MODE] <OperationMode>

Sets the operating mode of the instrument.
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Parameters:
<OperationMode> YT | XY | MASK | ROLL | METer | FFT | LOGGer | COUNter |
PROTocol | HARMonic | SPECtrum

*RST: YT (scope mode)

14.7.2 Measurement Configuration

The instrument sets most configuration settings automatically. For most measurement
types, the measurement range is the only parameter that can be set. For temperature
measurements, specific settings are required.

The instrument can adjust the measurement range if autoranging is configured for a
measurement. Otherwise, you can set a fixed measurement range.

To set a fixed measurement range, you can use several commands:
® METer:CONFigure:<function>
Configures the specified measurement including the measurement range.
See Chapter 14.7.2.1, "METer:CONFigure Commands", on page 331.
® METer:SENSe:<function>:RANGe:UPPer
Sets the measurement range and turns off autoranging.
See Chapter 14.7.2.2, "METer:SENSe:<function>:RANGe:UPPER Commands",
on page 334.
® METer:MEASure:<function>
Configures the specified measurement including the measurement range, starts
the measurement, and returns the result.

To enable autoranging, you can use the following commands:

® METer:SENSe:<function>:RANGe:AUTO
Enables or disables the autoranging. See Chapter 14.7.2.3, "METer:SENSe:<func-
tion>:RANGe:AUTO Commands", on page 336.

® METer:CONFigure:<function> 'AUTO'
See Chapter 14.7.2.1, "METer:CONFigure Commands", on page 331.

The configuration commands are described in the following chapters:

o METer:CONFigure CoOmMmandS........ccceiiiiiiiiiiiiiieee et 331
e METer:SENSe:<function>:RANGe:UPPER Commands.......c.cccccceveeiiiieeneennnnenn. 334
e METer:SENSe:<function>:RANGe:AUTO Commands.......c.ccccvveeeernueeererinneenenn 336
e AC+DC Current and Voltage Measurements.........cccccoeeeeecuuiviieeeeeee e e 337
o Temperature MeasUrEmMENTES........uuuiuiiiiiiiiiiiiie e ie e e e e ee e e e e e s 337

14.7.21 METer:CONFigure Commands

METer:CONFigure:<function> commands set all internal measurement parame-
ters for the specified measurement. For most measurements, it also sets the measure-
ment range.

To set the range to minimum, maximum, or default value, use the following parame-
ters:

® METer:CONFigure:<function> MIN
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® METer:CONFigure:<function> MAX
® METer:CONFigure:<function> DEF

For some measurements, you can also set the auto range:

METer :CONFigure:<function> 'AUTO'. Note that 'AUTO" is a string parameter.
Alternatively, you can use the METer : SENSe:<function>:RANGe:AUTO com-
mands.

The METer:CONFigure:<function> commands are only for configuration. To acti-
vate a measurement, use METer : SENSe : FUNCtion.

METer : CONFigure:VALue? returns the active measurement and range.

To read the result, use METer<m>:READ? Or METer<m>:FETCh?.

METer:CONFIgUre:CONTINUILY ..o eeeeeeeeeeeeeeeeeeeeeieieietet e e e e e e e e e e e e e e e e e e eeeeeeeeenennenennnnnnnn 332
METEr:CONFIGUrE:DIODE. ......ceeieiiieiieiiinteaeaaaae e e e e e e e e e e e aeeeeeeeeeeeeeeeeensnnnnn e e e aeeeeeeeaaens 332
METEr:CONFIgUrEe: TEMPEIATUIE. .....evvttureteeieeeieieeeeeeeeeeeeeeeeeeeeeeeeeeserebeaara e aeaeeeeaaaaees 332
METer:CONFIgUre:CAPACIHANGCE. ........eceeeeeeeeeeeeeeeeeeeereteti e e e e e s e s eeeeeaaaeseeeeeeeeeeesesesrasanas 332
METer:CONFIgUre:CURRENEAC. ......uuuuuuuuiiieieieieeeeeaeeeeeeeeeeeeeeeeeaessssnnnnna e s e aeaaaaaaaaees 333
METer:CONFigure:CURRENEDC........cciiiiieiiiiiiieitiitiee e e e e e e e e e e e e e e e eeeeeeeeeeeeseabsn s 333
METer:CONFIgUre:FREQUENCY.......uuuuaaaaaaeeeeaeaaeaeeeeeeeeeeeaeaeeasenensee e asaeaeeeeeaaaaaaaaaaeeeees 333
METer:CONFIgUre:RESISIANCE . ...cerueetutie e e e e e e e e e e e e e ettt e e e e e e e e e aeaeeas 333
METer:CONFIgUre:VOLTAGEIAC . ...cueueeuuuuaaaaaaeaeeeeeeeaeaeaeeeeeeeeeaeeeaenensnnnaaaaaaaaeaeeeeaaaaaees 333
METer:CONFigure:VOLTAge:DC.........cceveiieeeeeerrrriririieeaeieseseeeeeaeeeeeseeeereeeessssarasasnnnnnnnnns 333

METer:CONFigure:CONTinuity
METer:CONFigure:DIODe
METer:CONFigure:TEMPerature

Configures the specified measurement. The instrument sets a fixed range.

Usage: Event

METer:CONFigure:CAPacitance
Sets the internal parameters and configures the range for capacitance measurements.

Parameters:
<Range> <numeric value> | 'AUTO' | MIN | MAX | DEF
<numeric value>
The instrument has fixed measurement ranges: 10 nF|100 nF|
1 uF|10 pF|100 pF|1 mF|10 mF.
You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.
Range: 10 nF to 10 mF
*RST: 10 nF

Usage: Setting only
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METer:CONFigure:CURRent:AC
METer:CONFigure:CURRent:DC

Sets the internal parameters and configures the range for current measurements.
You need an external shunt resistor or I/U converter for current measurement.

Parameters:
<Range> <numeric value> | 'AUTO' | MIN | MAX | DEF

<numeric value>

The instrument has fixed measurement ranges: 1 A|10 A[100 A|
1 KA.

You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.

Range: 1 to 1000
*RST: 1
Default unit: A

Usage: Setting only

METer:CONFigure:FREQuency
Configures the frequency measurement and sets voltage autoranging.

To set a fixed voltage range, use METer : SENSe : FREQuency : VOLTage : RANGe :
UPPer.

Usage: Event

METer:CONFigure:RESistance

Sets the internal parameters and configures the range for resistance measurements.

Parameters:
<Range> <numeric value> | 'AUTO' | MIN | MAX | DEF
<numeric value>
The instrument has fixed measurement ranges: 1 k|10 kQ|
100 kQ1 MQ|10 MQ|100 MQ.
You can enter any value between the minimum and maximum
value. The instrument sets the next suitable range.
Range: 1 kOhm to 100 MOhm
*RST: AUTO
Usage: Setting only

METer:CONFigure:VOLTage:AC
METer:CONFigure:VOLTage:DC

Sets the internal parameters and configures the range for voltage measurements.
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Parameters:
<Range> <numeric value> | 'AUTO' | MIN | MAX | DEF
<numeric value>
The instrument has fixed measurement ranges: 1 V|10 V[100 V|
1 kV.
You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.
Range: 1 to 1000
*RST: 1
Default unit: V

Usage: Setting only
METer:SENSe:<function>:RANGe:UPPER Commands
METer:SENSe:<function>:RANGe:UPPER commands set the measurement range

and turn off autoranging. You can use these commands in addition to
METer : CONFigure commands if you want to change only the range.

METer:SENSe:CAPacCtanCe:RANGEIUPPET...........oe e 334
METer:SENSe:CURRENE:AC:RANGEUPPET...........coeeeeeeeeeeetiiceeeeee e e e e e e e e e eeeeeeeeeeeeeeeeens 334
METer:SENSe:CURRENt:DC:RANGE:UPPET......uvuvureieieieieieeieeeeeeeeeeeeeeeeeeeeesesesssrasanannnnns 334
METer:SENSe:FREQuency:VOLTage:RANGE:UPPET........ccciiiiiiieieeieeeeeeeeeeeeeeeeeeeeeeee 335
METer:SENSe:RESIStance:RANGE:UPPET..........ccouuiiiiiieeiie et 335
METer:SENSe:VOLTage:AC:RANGE:UPPET..........coiiiiiieiiiiiieeeeae e e e e e e e e e eeeeeeeeees 335
METer:SENSe:VOLTage:DC:RANGE:UPPET........u e e e 335

METer:SENSe:CAPacitance:RANGe:UPPer <Range>
Sets a fixed range for capacitance measurements and turns off auto ranging.

Parameters:

<Range> <numeric value> | MIN | MAX | DEF
<numeric value>
The instrument has fixed measurement ranges: 10 nF|100 nF|
1 uF|10 pF|100 pF|1 mF|10 mF.
You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.

Range: 10 nF to 10 mF
*RST: 10 nF

METer:SENSe:CURRent:AC:RANGe:UPPer <Range>
METer:SENSe:CURRent:DC:RANGe:UPPer <Range>

Sets a fixed current range and turns off auto ranging.
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Parameters:
<Range> <numeric value> | MIN | MAX | DEF

<numeric value>

The instrument has fixed measurement ranges: 1 A|10 A[100 A|
1 kA.

You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.

Range: 1 to 1000

*RST: 1

Default unit: A

METer:SENSe:FREQuency:VOLTage:RANGe:UPPer <Range>
Sets a fixed voltage range for frequency measurements and turns off auto ranging.

Parameters:
<Range> <numeric value> | MIN | MAX | DEF

<numeric value>

The instrument has fixed measurement ranges: 1 V|10 V[100 V|
1 kV.

You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.

Range: 1 to 1000

*RST: 1

Default unit: V

METer:SENSe:RESistance:RANGe:UPPer <Range>
Sets a fixed range for resistance measurements and turns off auto ranging.

Parameters:
<Range> <numeric value> | MIN | MAX | DEF
<numeric value>
The instrument has fixed measurement ranges: 1 k|10 kQ)|
100 kQ|1 MQ|10 MQ|100 MQ.
You can enter any value between the minimum and maximum
value. The instrument sets the next suitable range.
Range: 1 kOhm to 100 MOhm
*RST: 1 kOhm

METer:SENSe:VOLTage:AC:RANGe:UPPer <Range>
METer:SENSe:VOLTage:DC:RANGe:UPPer <Range>

Sets a fixed voltage range and turns off auto ranging.
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Parameters:
<Range> <numeric value> | MIN | MAX | DEF

<numeric value>

The instrument has fixed measurement ranges: 1 V|10 V[100 V|
1 kV.

You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.

Range: 1 to 1000
*RST: 1
Default unit: V

14.7.2.3 METer:SENSe:<function>:RANGe:AUTO Commands

METer:SENSe:<function>:RANGe: AUTO commands turn autoranging on or off. For
some measurements, you can also use the METer : CONFigure:<function> com-
mand, see Chapter 14.7.2.1, "METer:CONFigure Commands", on page 331.

METer:SENSe:CAPacitance:RANGE:AUTO....cccuieiiiieeeeeeeeeeeeeeeeeeeeereveree e e e e e e e e 336
METer:SENSe:CURRENt:AC:RANGE:AUTO....cuuviiiiiriiiieieieieeeeeeeeeeeeeeeeeeeeeessssrsrannnnnnnnes 336
METer:SENSe:CURRENt:DC:RANGE:AUTO.....uuiiiiiiiiiiee ettt eee ettt e e a e e e e eevaa s 336
METer:SENSe:FREQuency:VOLTage:RANGEAUTO.......cccciiiiiiiiiiiiiieieiiiae e 336
METer:SENSe:RESIstance:RANGE:AUTO........coiiiieie e 336
METer:SENSe:VOLTage:AC:RANGEAUTO. ...ttt 336
METer:SENSe:VOLTage:DC:RANGEAUTO.....uuuiiiieeeeeeiiecerierreeeeeseeessessssssnseeeeeeseesasessnnns 336

METer:SENSe:CAPacitance:RANGe:AUTO <State>
METer:SENSe:CURRent:AC:RANGe:AUTO <State>
METer:SENSe:CURRent:DC:RANGe:AUTO <State>
METer:SENSe:FREQuency:VOLTage:RANGe:AUTO <State>
METer:SENSe:RESistance:RANGe:AUTO <State>
METer:SENSe:VOLTage:AC:RANGe:AUTO <State>
METer:SENSe:VOLTage:DC:RANGe:AUTO <State>

Disables or enables the autoranging for the specified measurement.
The query always returns OFF or ON.

Parameters:
<State> OFF | ON | ONCE
OFF | ON
0] 1 are not supported.
ONCE
Performs an immediate autorange and then turns off the auto-
ranging.

Example: METer:SENSe:VOLTage:DC:RANGe:AUTO ONCE
METer:SENSe:VOLTage:DC:RANGe:AUTO?
<-- OFF
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14.7.2.4 AC+DC Current and Voltage Measurements

METer<m>:SENSe:CURRENtAC:COUPING...cccieieiieeeeeeceeeeeeeeeeeeee s e e e e e e e e e e e e 337
METer<m>:SENSe:VOLTage:AC:COUPING...cccccieiiieeeeeieee ettt e e e e e e e e 337

METer<m>:SENSe:CURRent:AC:COUPIling <Coupling>
METer<m>:SENSe:VOLTage:AC:COUPIling <Coupling>

Enables AC+DC measurements.

Suffix:
<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
Parameters:
<CoupVoltageMeas> DCLimit | ACLimit
DCLimit
Enables AC+DC measurement.
ACLimit
Enables AC measurement.
*RST: DCLimit
Example: Configure and perform AC+DC current measurement with range
100 A:

:METer:CONFigure:CURRent:AC 100
:METer:SENSe:FUNCtion 'CURR:AC'
:METer:CONFigure:VALue?

<-- "CURR:AC 100"
:METer:SENSe:CURRent :AC:COUPling DCL
:METer :READ?

<-- 0.035906488794

Configure and perform AC voltage measurement with range 10
V:

:METer:CONFigure:VAOLTage:AC 10

:METer:SENSe:FUNCtion 'VOLT:AC'

:METer:CONFigure:VALue?

<-- "VOLT:AC 10"

:METer:SENSe:CURRent :AC:COUPling ACL

:METer :READ?

<-- 0.030006488794

14.7.2.5 Temperature Measurements

METEFUNIT: TEMPEIATUIE. ..uuue i ieiieetieeeee e ettt e eeeeeeatee e e e e s eeta e eeseeesaaseeseesaaaeseesesssanseeseee 337
METer:SENSe:TEMPerature: TRANSAUCIONRTD:TYPE.......covuieieeeieeie e eeeeeeeee e es e 338

METer:UNIT:TEMPerature <Unit>

Sets the unit for temparature measurements.
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Parameters:
<Unit> C|F|K

METer:SENSe:TEMPerature:TRANsductor:RTD:TYPE <Unit>
Sets the adapter type for temperature measurements.

Parameters:
<Unit> PT100 | PT500

Relative Measurements

To perform relative measurements, set the relevant
METer : SENSe:<function>:NULL:STATe command to ON. By default, the reference
value is 0. Alternatively, you can use METer<m>: SENSe:RELative:STATe.

To change the reference value, use the METer: SENSe:<function>:NULL:VALue
command.

METer:SENSe:CAPACHANCEINULL:STATE. ..couueiiieee et et e et e e e e eeeans 338
METer:SENSE:CURRENtACINULL: ST AT €. ittt ettt e e e e eneeeneens 338
METer:SENSe:CURRENt:DC:INULL: ST AT €. it e e e e e e eas 338
METer:SENSe:RESIStANCEINULL:STATE...cicieeieeeeieeeeeeeeeeeeeettte e ie e e e e e e e e eaeaeeeeeeeeeeens 338
METer:SENSe: TEMPErature:NULL:STATE.....ccceeeeeeieieeeeeeeeereretririeeeese s e e e eeaeeeeeseeeerereees 338
METer:SENSe:VOLTage: ACINULL:STATE....cciiieieeeeeeeeeeeeeeeeett s se s e e e e e e e e e e aaaaeeeeeeeeees 338
METer:SENSe:VOLTage: DC:NULL:STATE...uuuuiuiiiiiiiriiiaiaieseeeeeeeaeaeeeeeeeeeeeeseesesssnennnnnnanns 338
METer<m>:SENSE:NULL: ST AT . ..uu ettt e e e e e e e et e e eeaaas 339
METer<m>:SENSeE:RELAtiVE:STATE. .. e et eeeaans 339
METer:SENSe:CAPACHANCEINULL:VALUE..........ccoeeeeeeeee et e e e e e e e eean 339
METer:SENSe:CURRENEACINULL:VALUE. ......coeeeeeeeieeeeeeeeeeeeeeetceee e e e e e e e e e e aeaeaaeeeeeees 339
METer:SENSe:CURRENEDCINULLIVALUE......ccvvevrvriritiiieeeeeieeeeeeeeeaeaaeeeeerereeeeesessssssnnnnane, 339
METer:SENSe:VOLTage:ACINULL:VALUE........cceeeeeeieeeeeeeeeeeettitene s s e e e e e e e anaaaaaaaneeeens 339
METer:SENSe:VOLTage:DC:NULLIVALUE. ...cccutitiietitaaaeae e e e e e e e e e e e e e e e e e eeeeeeeeeeeeenensnnanaaas 339
METer:SENSe:RESIStanCe:NULLIVALUE. ......ccovue ettt et et e e e 340
METer:SENSe:TEMPerature:NULL:VALUE.......c...oiieeeeeeeeeeeee e 340
METer<m>:SENSEINULLIVALU. ...t e e e e e e e eas 340

METer:SENSe:CAPacitance:NULL:STATe <State>
METer:SENSe:CURRent:AC:NULL:STATe <State>
METer:SENSe:CURRent:DC:NULL:STATe <State>
METer:SENSe:RESistance:NULL:STATe <State>

METer:SENSe:TEMPerature:NULL:STATe <State>
METer:SENSe:VOLTage:AC:NULL:STATe <State>
METer:SENSe:VOLTage:DC:NULL:STATe <State>

Enables or disables the relative measurement. The reference value is defined using
the appropriate METer : SENSe: <function>:NULL:VALue command.
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Parameters:
<State> OFF | ON

*RST: OFF

METer<m>:SENSe:NULL:STATe <SetRelative>
METer<m>:SENSe:RELative:STATe <SetRelative>

Enables or disables the relative measurement for the currently active measurement

type.
Relative measurements are not available for diode, continuity, and frequency measure-
ments.
Suffix:
<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
Parameters:
<SetRelative> ON | OFF
ON=1,0FF=0
*RST: OFF

METer:SENSe:CAPacitance:NULL:VALue <ReferenceValue>

Sets the reference value for capacitance measurements. The measurement result is
the difference of the measured sample and the reference value.

The value takes effect if relative measurement is on, see METer : SENSe:
CAPacitance:NULL:STATe.

Parameters:

<ReferenceValue> Range: +/- (1.1 * measurement range)
*RST: 0
Default unit: F

METer:SENSe:CURRent:AC:NULL:VALue <ReferenceValue>
METer:SENSe:CURRent:DC:NULL:VALue <ReferenceValue>
METer:SENSe:VOLTage:AC:NULL:VALue <ReferenceValue>
METer:SENSe:VOLTage:DC:NULL:VALue <ReferenceValue>

Sets the reference value for relative measurements. The measurement result is the dif-
ference of the measured sample and the reference value.

The value takes effect if relative measurement is on, see METer:SENSe:<func-
tion>:NULL:STATe.

Parameters:

<ReferenceValue> Range: +/- (1.1 * measurement range)
*RST: 0
Default unit: V (VOLTage) | A (CURRent)
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METer:SENSe:RESistance:NULL:VALue <ReferenceValue>

Sets the reference value for resistance measurements. The measurement result is the
difference of the measured sample and the reference value.

The value takes effect if relative measurement is on, see METer : SENSe:
RESistance:NULL:STATe.

Parameters:

<ReferenceValue> Range: +/- (1.1 * measurement range)
*RST: 0
Default unit: Ohm

METer:SENSe:TEMPerature:NULL:VALue <ReferenceValue>

Sets the reference value for temperature measurements. The measurement result is
the difference of the measured sample and the reference value.

The value takes effect if relative measurement is on, see METer : SENSe:
TEMPerature:NULL:STATe.

Parameters:
<ReferenceValue> Range: -200 to 850
*RST: 0
Default unit: To define the unit, use METer:UNIT:TEMPerature.

METer<m>:SENSe:NULL:VALU <ReferenceValue>
Sets the reference value for the currently active measurement type.

Relative measurements are not available for diode, continuity, and frequency measure-

ments.
Suffix:
<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
Parameters:
<ReferenceValue> Range: +/- (1.1 * measurement range)

Default unit: Depends on the measurement type

14.7.4 Measurement Control

METErSENSEIFUNCHON. c.ciiieii e it ccciiiietee e et e e e e e e seester e e e e e eeeaeeessessanntesaneeeeesaaasessanannsnnes 341
METErCONFIGUIEIVALUE?....ccieeeee e eeeeeeeeeeeiette e se s s e e e e e e e e aaaaaae e et eeeeseeeseesssennnnnnnnnns 341
METer<m>:TRIGGEIMODE.......cccotttitiiituiiaaae e e e e e e e e e e e e e e e e e et eeeeebe e e e e e e e e eeeeas 341
Y o g b N =T 342
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METer:SENSe:FUNCtion <MeasType>

Sets the measurement type and activates it. All measurement attributes of the previous
function (range, resolution, etc.) are remembered. If you return to the previous function,
the measurement attributes are restored.

Changing the measurement type disables scaling, limit testing, histogram, statistics,
and trend chart data collection: CALC:<function>:STAT is set OFF.

Setting parameters:

<MeasType> 'CAPacitance | CONTinuity | CURRent:AC | CURRent[:DC] |
CURRent:AD | DIODe | FREQuency | RESistance |
TEMPerature | VOLTage:AC | VOLTage[:DC] | VOLTage:AD'

String parameter
*RST: VOLTage [:DC]
Example: MET:SENS:FUNC "VOLT:AC"

MET : CONF: VAL?
<--"VOLT:AC 1"

Usage: Setting only

METer:CONFigure:VALue?
Returns the actual measurement type (short form) and the range.

Return values:
<Configuration> String parameter

Example: MET:CONF:VAL?
<--"VOLT:DC 100"
The DMM is set to DC voltage measurement and range 100 V.

Usage: Query only

METer<m>:TRIGger:MODE <TriggerMode>

Defines how long the instrument measures. To start the measurement again, use RUN
or the appropriate METer<m>:MEASure:<function> command.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Parameters:
<TriggerMode> AUTO | SINGle

AUTO
The instrument performs continuous measurements.

SINGle
The instrument performs a single measurement.

*RST: AUTO
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METer<m>:ABORt

Stops the running measurement.

Suffix:
<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
Usage: Event
Results
®  REAAING VAIUES......uiiiiiiiiiii ettt a e e e e a e e e e e e e e eaan 342
o METerMEASUIe COMMANAS.......ooiiieiiiiiieieieteeeee et e e e e et s e e e e e evaee s e e s eeraaaeaees 343
L = 111 (o= T 345

Reading Values

After configuration and selection of the active measurement, you can read the result
values.

Y S YRS 1 1 | LT (=Y 342
YR TR 11 B 2 =7 2\ D T 342
| =Y R Bt = o 343
METer<m>:INITiate

Resets the hardware and all statistical values, performs a single measurement and
ends in hold mode.

Suffix:

<m> 1.4
Usage: Event
METer<m>:READ?

Starts a new measurement, returns the current measurement result and stays in run
mode.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Return values:
<Meter result>

Usage: Query only



Digital Multimeter (R&S RTH1002)

METer<m>:FETCh?
Returns the currently measured value.
Use this command after METer<m>: INITiate.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Return values:

<Result> Range: -100E+24 to 100E+24
Increment: 0
*RST: 0

Default unit: V

Example: METer:INITiate
METer:FETCh?
<--999.98564109

Usage: Query only
14.7.5.2 METer:MEASure Commands

Sending a METer :MEASure:<function>? command is the same as sending the
METer : CONFigure:<function> command followed immediately by a READ? com-

mand.

METer:MEASUre:CONTINUILY 2. .euieeieieeeie ettt et e e e et e eee e e e e e e e e e e e ea e enans 343
METErMEASUIE:DIODE?........cceeeieeeeeeeeeeeeeett e ee e e e e e e e e e e eeaaeaeeeeeeeeeeesesebsabnbabaaannnnnsns 343
METer:MEASUIe:FREQUENCY?....cuuueuiuiuuueuiaaaiaieeeeeesaaeasseseeeeeeeeeeeserssnnnnnnnnaaaaeaesesaaaaaaeees 343
METErMEASUrE: TEMPEIAtUIE .. .. i eeeeeeeieeeeeeeetee e e e e e eetee e e e e e et e e e e e e e taaeeeeeseabaaeeeeeeensanns 343
METer:MEASUIe:CAPACIHANCE?.......ciieeeeiiie e et e et e et e e et e e et e e e eee e e een e e e et e aeeannaes 344
METer:MEASUIE:CURRENEAC?. ... et et e e eeenanas 344
METer:MEASUre:CURRENEDC?..... oot 344
METErMEASUIE:RESISIANCE?. ... .ceeeeieieieeeetee et e et e et e e ee e e eee e e e e e e e e e e eaeeeeeans 344
METErMEASUIE:VOLTAGEIAC?....oeeeeeeeeeteietittcieeeaeee s e e eeeeeaaaeeeeeeeeeeeeeessrarabaraaana e aaeaens 344
METer:MEASUre:VOLTAGE:DC?. .. uuiiieiieeeeeeeieciieitreee e e e e e e e e s sescnntsseeeeeeaaaeeeessnannnresaeeeeeeas 344

METer:MEASure:CONTinuity?
METer:MEASure:DIODe?
METer:MEASure:FREQuency?
METer:MEASure:TEMPerature?

Configures the measurement and returns the result.

Return values:
<Range>

Usage: Query only
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METer:MEASure:CAPacitance? [<ExpectedValue>]

Configures the capacitance measurement and returns the result.

Query parameters:
[<ExpectedValue>]

Return values:
<Result>

Usage:

<numeric value> | MIN | MAX | DEF | 'AUTO'

Optional parameter, expected measurement result or range. The
instrument sets the appropriate measurement range.
See: METer:CONFigure:CAPacitance

Numeric value

Query only

METer:MEASure:CURRent:AC? [<ExpectedValue>]
METer:MEASure:CURRent:DC? [<ExpectedValue>]

Configures the current measurement and returns the result.

Query parameters:
[<ExpectedValue>]

Return values:
<Result>

Example:

Usage:

<numeric value> | MIN | MAX | DEF | 'AUTO'

Optional parameter, expected measurement result or range. The
instrument sets the appropriate measurement range.
See: METer :CONFigure:CURRent:DC

Numeric value

:METer :MEASure:CURRent:DC? 15
<-- 13.4907681509

Query only

METer:MEASure:RESistance? [<ExpectedValue>]

Configures the resistance measurement and returns the result.

Query parameters:
[<ExpectedValue>]

Return values:
<Result>

Usage:

<numeric value> | MIN | MAX | DEF | 'AUTO'

Optional parameter, expected measurement result or range. The
instrument sets the appropriate measurement range.
See: METer:CONFigure:RESistance

Numeric value

Query only

METer:MEASure:VOLTage:AC? [<ExpectedValue>]
METer:MEASure:VOLTage:DC? [<ExpectedValue>]

Configures the voltage measurement and returns the result.
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Query parameters:
[<ExpectedValue>]  <numeric value> | MIN | MAX | DEF | 'AUTO'

Optional parameter, expected measurement result or range. The
instrument sets the appropriate measurement range.
See: METer :CONFigure:VOLTage: DC.

Return values:

<Result> Numeric value

Example: :METer:MEASure:VOLTage:DC? 5
<-- 3.4907681509

Usage: Query only

Statistics

Before you can get statistical results, configure the measurement and select the mea-
surement to be performed using METer : SENSe : FUNCtion.

METer<m>:CALCulate:AVERAGE:AVERAJE?.....ccciiiieeiee e ettt 345
METer<m>:CALCulate:AVERAGEMINIMUM?.......uuuuiaieie e 345
METer<m>:CALCulate:AVERaGE:MAXIMUM?.....coiiiiiieeeieee et e e e e 346
METer<m>:CALCulate:AVERAGE:CLEAN.........ccciiiieeeeeeeeeeiee e e e e e e e e e e e e eeeeeeeeeees 346

METer<m>:CALCulate:AVERage:AVERage?
Returns the mean value of the measurement series.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Return values:

<Average> Range: -100E+24 to 100E+24
Increment: 1E-12
*RST: 0

Default unit: V
Usage: Query only

METer<m>:CALCulate:AVERage:MINimum?
Returns the minimum value of the measurement series.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
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Return values:

<Minimum> Range: -100E+24 to 100E+24
Increment: 1E-12
*RST: 0

Default unit: V
Usage: Query only

METer<m>:CALCulate:AVERage:MAXimum?
Returns the maximum value of the measurement series.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Return values:

<Maximum> Range: -100E+24 to 100E+24
Increment: 1E-12
*RST: 0

Default unit: V
Usage: Query only

METer<m>:CALCulate:AVERage:CLEar
Deletes all statistical values.

Statistics are also deleted if:

® The measurement function changes (METer : SENSe: FUNCtion).
® *RST

® SYSTem:PRESet

Suffix:
<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
Usage: Event

14.8 Voltmeter (R&S RTH1004)

o Activating the VOIIMEter.........cooi i 347
o Measurement Configuration...........cueeeiiiiiiiiii e 347
o Relative MeasUIrEMENTS........uuuuiicieieieie e e e e e e e e e e aaaeeeees 351
o  MeasuremMent CONTIOL.......cccoiiiiiiiieee et e e e e e e e e e e e e e e e eerear b 353
@ RESUIS.. et e e e e e e e era e aeeeaaan 355
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14.8.2

14.8.2.1

Voltmeter (R&S RTH1004)

Activating the Voltmeter

METer<m>:SENSe:STATe <State>

Activates the voltmeter measurement.

Suffix:
<m> 1.4
Selects the voltmeter.
Parameters:
<State> ON | OFF

*RST: OFF

Measurement Configuration

The only parameter that can be set is the measurement range. All other settings are
automatically adjusted by the instrument.

To set a fixed measurement range, you can use several commands:

METer<m>:CONFigure:<function>

Configures the specified measurement including the measurement range.

See Chapter 14.8.2.2, "METer<m>:CONFigure Commands", on page 348.
METer<m>:SENSe:<function>:RANGe:UPPer

Sets the measurement range.

See Chapter 14.8.2.3, "METer<m>:SENSe:<function>:RANGe:UPPER Com-
mands", on page 349.

METer<m>:MEASure:<function>

Configures the specified measurement including the measurement range, starts
the measurement, and returns the result.

The configuration commands are described in the following chapters:

General Configuration.........ccuuiiiiiiiriie e e e e e e 347
METer<m>:CONFigure Commands..........cccurririieieeeiieiciiiieeee e e e e e e e e secenrnrreeeee s 348
METer<m>:SENSe:<function>:RANGe:UPPER Commands..........c...cccvvrerrnnee 349
AC+DC Current and Voltage Measurements. .........ccoceeeiieeenieieniiee e 350

General Configuration

METer<m>:SENSe:SOURce <InputChannel>

Selects the input channel to be measured by the specified voltmeter.

Suffix:
<m> 1.4

Selects the voltmeter.
Parameters:

<InputChannel> C1|C2|C3|C4

*RST: C1
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METer<m>:SENSe:RANGe <MeterRangeUI>

Sets the measurement range of the input channel that is measured by the meter.

Suffix:
<m> 1.4
Selects the voltmeter.
Parameters:
<MeterRangeUl> Range: The range depends on the selected measurement

type. For values, see the appropriate METer:CON-
Figure:<function> command.

METer<m>:CONFigure Commands

METer : CONFigure:<function> commands set all internal measurement parame-
ters for the specified measurement, and also the measurement range.

To set the range to minimum, maximum, or default value, use the following parame-
ters:

® METer<m>:CONFigure:<function> MIN

® METer<m>:CONFigure:<function> MAX

® METer<m>:CONFigure:<function> DEF

The METer<m>:CONFigure:<function> commands are only for configuration. To
activate a measurement, use METer<m>: SENSe : FUNCtion on page 353.

METer<m>:CONFigure:VALue? returns the active measurement and range.

To read the result, use METer<m>:READ? Or METer<m>:FETCh?.

METer<m>:CONFigure:CURRENEAC . ......ccoiiiiiiiiiiitieieie e e e e e e e e e e e e e e e eeeeeeaeseananas 348
METer<m>:CONFigure:CURRENEDC........uuiaieie e e ee e e e e e e e e e e 348
METer<m>:CONFigure:VOLTAgE:AC.......cceieeeeeeeeeeeietetteeaeaaaae e e e e e e e aaaaeaeeeeeeeeeeneneenennnnnnnn 349
METer<m>:CONFigure:VOLTAgE:DC....uuuuuuiieeieieieeeeeeeeeeeeeeeeeeeeeeeetave e e e e e e e e aaaeaas 349

METer<m>:CONFigure:CURRent:AC
METer<m>:CONFigure:CURRent:DC

Sets the internal parameters and configures the range for current measurements.
You need an external shunt resistor or I/U converter for current measurement.

Suffix:
<m> 1.4
Selects the voltmeter.
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Parameters:
<Range> <numeric value> | MIN | MAX | DEF
<numeric value>
The instrument has fixed measurement ranges: 1 A|10 A[100 A|
1 kA.
You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.
Range: 1 to 1000
*RST: 1
Default unit: A

Usage: Setting only

METer<m>:CONFigure:VOLTage:AC
METer<m>:CONFigure:VOLTage:DC

Sets the internal parameters and configures the range for voltage measurements.

Suffix:
<m> 1.4
Selects the voltmeter.

Parameters:
<Range> <numeric value> | MIN | MAX | DEF
<numeric value>
The instrument has fixed measurement ranges: 1 V|10 V|100 V|
1 kV.
You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.
Range: 1 to 1000
*RST: 1
Default unit: V

Usage: Setting only

METer<m>:SENSe:<function>:RANGe:UPPER Commands

METer<m>:SENSe:<function>:RANGe:UPPER commands set the measurement
range. You can use these commands in addition to METer<m>: CONFigure com-
mands if you want to change only the range.

METer<m>:SENSe:CURRENt:AC:RANGEIUPPEN......c.ccceeeviieeeeeeeetie et eeeeeees 349
METer<m>:SENSe:CURRent:DC:RANGE:UPPET.......cccoouiiiiiiiiiiieeeeeeeeeeeeeeeeeeee e 349
METer<m>:SENSe:VOLTage:AC:RANGE:UPPET........uu i ee e e e e 350
METer<m>:SENSe:VOLTage:DC:RANGE:UPPEI........ccoiiiiiiiiiiiiieeeeeee e e e e e 350

METer<m>:SENSe:CURRent:AC:RANGe:UPPer <Range>
METer<m>:SENSe:CURRent:DC:RANGe:UPPer <Range>

Sets a fixed current range.
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Suffix:
<m> 1.4
Selects the voltmeter.
Parameters:
<Range> <numeric value> | MIN | MAX | DEF

<numeric value>

The instrument has fixed measurement ranges: 1 A|10 A[100 A|
1 KA.

You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.

Range: 1 to 1000
*RST: 1
Default unit: A

METer<m>:SENSe:VOLTage:AC:RANGe:UPPer <Range>
METer<m>:SENSe:VOLTage:DC:RANGe:UPPer <Range>

Sets a fixed voltage range.

Suffix:
<m> 1.4
Selects the voltmeter.
Parameters:
<Range> <numeric value> | MIN | MAX | DEF

<numeric value>

The instrument has fixed measurement ranges: 1 V|10 V|100 V|
1 kV.

You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.

Range: 1 to 1000
*RST: 1
Default unit: V

AC+DC Current and Voltage Measurements

METer<m>:SENSe:CURRENt:AC:COUPING...cccceieiiieeeeeceeeeeeeeeeeeeee s e e e e e e e 350
METer<m>:SENSe:VOLTage:AC:COUPING...cccieieeieeieieie ettt 350

METer<m>:SENSe:CURRent:AC:COUPIling <Coupling>
METer<m>:SENSe:VOLTage:AC:COUPIling <Coupling>

Enables AC+DC measurements.
Suffix:
<m> 1.4

R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
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Parameters:

<CoupVoltageMeas> DCLimit | ACLimit
DCLimit
Enables AC+DC measurement.
ACLimit
Enables AC measurement.
*RST: DCLimit

Example: Configure and perform AC+DC current measurement with range
100 A:
:METer:CONFigure:CURRent:AC 100
:METer:SENSe:FUNCtion 'CURR:AC'
:METer:CONFigure:VALue?
<-- "CURR:AC 100"
:METer:SENSe:CURRent :AC:COUPling DCL
:METer:READ?
<-- 0.035906488794

Configure and perform AC voltage measurement with range 10
V:

:METer:CONFigure:VAOLTage:AC 10

:METer:SENSe:FUNCtion 'VOLT:AC'

:METer:CONFigure:VALue?

<-- "VOLT:AC 10"

:METer:SENSe:CURRent :AC:COUPling ACL

:METer :READ?

<-- 0.030006488794

14.8.3 Relative Measurements

To perform relative measurements, set the relevant
METer<m>:SENSe:<function>:NULL:STATe command to ON. By default, the refer-
ence value is 0. Alternatively, you can use METer<m>: SENSe:RELative:STATe.

To change the reference value, use the
METer<m>:SENSe:<function>:NULL:VALue command.

METer<m>:SENSe:CURRENtACINULL: STAT . .uiieiie et e e 352
METer<m>:SENSe:CURRENt D CINULL: ST AT €. iuiiiiiiieieeiieiieee et et et e e e e e e enns 352
METer<m>:SENSe:VOLTage: AC:NULL:STATE....uuuiuritiiiieieieieeeeeeeeeeeeeeeeeeeeeeeeeesessnrnnnnane 352
METer<m>:SENSe:VOLTage:DC:INULL:STATE......cceteieieeeeeeerirrireiieeaeieseeeeeeeaeeeeeeeeeeeenes 352
METEr<m>:SENSEINULL: ST AT . .cciittitieieeeieetiee e eeeeeete e e e e eeraeeeeeeeee e eeeeesstaaeeeseesnnnnnns 352
METer<m>:SENSE:RELAtIVE: ST AT E. . .iiii it e e ettt e et e e e e e eaneeeeaans 352
METer<m>:SENSe:CURRENt:ACINULL:VALUE........coomuieieee e 352
METer<m>:SENSe:CURRENtDCINULLIVALUE. ... cu ettt e e e e eans 352
METer<m>:SENSe:VOLTage: AC:NULLIVALUE.......uuu e e e e e e e eeeeee e ceeeeeeeeen s 352
METer<m>:SENSe:VOLTage:DC:NULL:VALUE.............coereereerrreririiiiieieseseeeeeeeeeeeeseeeeeees 352
METer<m>:SENSE:INULLIVALU....ccoiiiiiiiiiieeeeeiieeeeeeeeeteie e ee s e s e e e e e aeaeaeseeeeeeesesssearanes 353
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METer<m>:SENSe:CURRent:AC:NULL:STATe <State>
METer<m>:SENSe:CURRent:DC:NULL:STATe <State>
METer<m>:SENSe:VOLTage:AC:NULL:STATe <State>
METer<m>:SENSe:VOLTage:DC:NULL:STATe <State>

Enables or disables the relative measurement. The reference value is defined using
METer:SENSe:<function>:NULL:VALue

Suffix:
<m> 1.4
Selects the voltmeter.
Parameters:
<State> OFF | ON

*RST: OFF

METer<m>:SENSe:NULL:STATe <SetRelative>
METer<m>:SENSe:RELative:STATe <SetRelative>

Enables or disables the relative measurement for the currently active measurement

type.
Relative measurements are not available for diode, continuity, and frequency measure-
ments.
Suffix:
<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
Parameters:
<SetRelative> ON | OFF
ON=1,0FF=0
*RST: OFF

METer<m>:SENSe:CURRent:AC:NULL:VALue <ReferenceValue>
METer<m>:SENSe:CURRent:DC:NULL:VALue <ReferenceValue>
METer<m>:SENSe:VOLTage:AC:NULL:VALue <ReferenceValue>
METer<m>:SENSe:VOLTage:DC:NULL:VALue <ReferenceValue>

Sets the reference value for relative measurements. The measurement result is the dif-
ference of the measured sample and the reference value.

The value takes effect if relative measurement is on, see METer<m>:SENSe:
VOLTage:DC:NULL:STATe.

Suffix:
<m> 1.4
Selects the voltmeter.
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Parameters:

<ReferenceValue> Range: +/- (1.1 * measurement range)
*RST: 0
Default unit: V (VOLTage) | A (CURRent)

METer<m>:SENSe:NULL:VALU <ReferenceValue>
Sets the reference value for the currently active measurement type.

Relative measurements are not available for diode, continuity, and frequency measure-
ments.

Suffix:
<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
Parameters:
<ReferenceValue> Range: +/- (1.1 * measurement range)

Default unit: Depends on the measurement type

Measurement Control

METer<m>:SENSEIFUNCHON. ...ttt e e e e e e e e e e e e ea e eaa e eeas 353
METEr<m>:CONFIQUIEIVALUE?.....uuceieieieeeeeeeeeeeeeeeeeeeeeeeetat st aeseseeeeeeeaeaaaassesereeesnsenes 354
METer<m>:TRIGGEIMODE.........cccutuuieiiuiuiiiieieieieeeeeaeaaeaeeeeeeeeerarersrn e e aaaaaaans 354
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METer<m>:SENSe:FUNCtion <MeasType>

Sets the measurement type for the selected meter. All measurement attributes of the
previous function (range, resolution, etc.) are remembered. If you return to the previous
function, the measurement attributes are restored.

Changing the measurement type disables scaling, limit testing, histogram, statistics,
and trend chart data collection: CALC:<function>:STAT is set OFF.

Suffix:
<m> 1.4
Selects the voltmeter.

Setting parameters:

<MeasType> 'VOLTage:AC | VOLTage[:DC] | VOLTage:AD'
String parameter
*RST: VOLTage [:DC]

Example: MET2:SENS:FUNC "VOLT:AC"

MET2 : CONF: VAL?
<--"VOLT:AC 1"
Sets the second voltmeter to AC voltage measurement.

Usage: Setting only
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METer<m>:CONFigure:VALue?
Returns the actual measurement type (short form) and the range.

Suffix:
<m> 1.4
Selects the voltmeter.

Return values:

<Configuration> String parameter

Example: MET :CONF :VAL?
<-- "VOLT:DC 100"
The first voltmeter is set to DC voltage measurement and range
100 V.

Usage: Query only

METer<m>:TRIGger:MODE <TriggerMode>

Defines how long the instrument measures. To start the measurement again, use RUN
or the appropriate METer<m>:MEASure:<function> command.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Parameters:
<TriggerMode> AUTO | SINGle

AUTO
The instrument performs continuous measurements.

SINGle
The instrument performs a single measurement.

*RST: AUTO

METer<m>:ABORt

Stops the running measurement.

Suffix:
<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
Usage: Event
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14.8.5 Results

14.8.5.1
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METer<m>:INITiate

Resets the hardware and all statistical values, performs a single measurement and
ends in hold mode.

Suffix:

<m> 1.4
Usage: Event
METer<m>:READ?

Starts a new measurement, returns the current measurement result and stays in run
mode.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Return values:
<Meter result>

Usage: Query only

METer<m>:FETCh?
Returns the currently measured value.
Use this command after METer<m>: INITiate.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
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Return values:

<Result> Range: -100E+24 to 100E+24
Increment: 0
*RST: 0

Default unit: V

Example: METer:INITiate
METer:FETCh?
<--999.98564109

Usage: Query only
METer:MEASure Commands
Sending a METer :MEASure:<function>? command is the same as sending the

METer : CONFigure:<function> command followed immediately by a READ? com-
mand.

METer<m>:MEASUre:CURRENEAC?......ciieiieetie ettt e e e e et e e e e e e et e e e e e eeaa s 356
METer<m>:MEASUre:CURRENEDC?.......uiiiiee et 356
METer<m>:MEASUrE:VOLTAGEIAC?. .. it ie e e eeeee ettt ettt a e e e e e e e e e aaaaaaaaaeeees 356
METer<m>:MEASUre:VOLTAgEIDC?...cceriiiieeuuaaaaaaaeae e e e e e e eeaeeeee e e eeeeeeeeeenenanneeeeaaaa e e e e e es 356

METer<m>:MEASure:CURRent:AC? [<ExpectedValue>]
METer<m>:MEASure:CURRent:DC? [<ExpectedValue>]

Configures the current measurement and returns the result.
Suffix:

<m> 1.4
Selects the voltmeter.

Query parameters:
[<ExpectedValue>]  <numeric value> | MIN | MAX | DEF

Optional parameter, expected measurement result or range. The
instrument sets the appropriate measurement range.
See: METer<m>:CONFigure:CURRent:DC

Return values:
<Result> Numeric value

Usage: Query only

METer<m>:MEASure:VOLTage:AC? [<ExpectedValue>]
METer<m>:MEASure:VOLTage:DC? [<ExpectedValue>]

Configures the voltage measurement and returns the result.
Suffix:

<m> 1.4
Selects the voltmeter.
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Query parameters:
[<ExpectedValue>]  <numeric value> | MIN | MAX | DEF

Optional parameter, expected measurement result or range. The
instrument sets the appropriate measurement range.
See: METer<m>:CONFigure:VOLTage:DC

Return values:

<Result> Numeric value
Usage: Query only
Statistics

Before you can get statistical results, configure the measurement and select the mea-
surement to be performed using METer<m>: SENSe : FUNCtion.

METer<m>:CALCulate:AVERAGE:AVERAJE?.....cceiiieiieieee et e e 357
METer<m>:CALCulate:AVERAGE:MINIMUM?.......uuuuiaie e 357
METer<m>:CALCulate:AVERaGE:MAXIMUM?.....coiiiiiieeeeeee et e e e 358
METer<m>:CALCulate:AVERAGEICLEAN.........cciiiiieeeeeeeieie e e e e e e e e e e ee e e eeeeees 358

METer<m>:CALCulate:AVERage:AVERage?
Returns the mean value of the measurement series.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Return values:

<Average> Range: -100E+24 to 100E+24
Increment: 1E-12
*RST: 0

Default unit: V
Usage: Query only

METer<m>:CALCulate:AVERage:MINimum?
Returns the minimum value of the measurement series.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Return values:

<Minimum> Range: -100E+24 to 100E+24
Increment: 1E-12
*RST: 0

Default unit: V
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Usage: Query only

METer<m>:CALCulate:AVERage:MAXimum?
Returns the maximum value of the measurement series.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Return values:

<Maximum> Range: -100E+24 to 100E+24
Increment: 1E-12
*RST: 0

Default unit: V
Usage: Query only

METer<m>:CALCulate:AVERage:CLEar

Deletes all statistical values.

Statistics are also deleted if:

® The measurement function changes (METer : SENSe: FUNCtion).
® *RST

® SYSTem:PRESet

Suffix:
<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
Usage: Event

Counter Mode (R&S RTH-K33)

COUNLEr<MZIABORL. ..ttt e e ettt e e e e e e e e e bbbttt e e et e e e e e e s e e aaabbebeeeeeaaaeeeeeas 359
COUNter<m>:CALCuUlate:AVERAGEIALL?.....cciiiiiiiiiiiieeee e e e e e e e e e e e e e eeeeeeeeeee s 359
COUNter<m>:CALCulate:AVERAGE:AVERAGE?.....ccoii ittt 359
COUNter<m>:CALCulate:AVERAQGE:CLEAN.....coiiiiiiieiiiiiaaaaaaa e e e e e e e e e e e e ee e 359
COUNter<m>:CALCulate:AVERage:COUNt:CURRENL?.......cceieiiiiieieieeeeeeen e 360
COUNter<m>:CALCulate:AVERAgGE:MAXIMUM?.........coeiiieieririiiiriiiiieaeieseeeeeeeaeaeaeseeeeeeens 360
COUNter<m>:CALCulate:AVERAGE:MINIMUM?.....ccceieieiiiiiieeeeieieeeeeeeeeevee e 360
COUNter<m>:CONFigUre:FREQUENCY......cccettiiiiiieieiiiiinaaaae e e e e e e e e e e aeaaeaeeereeeeeeeeenesennanas 361
COUNLEr<m>:CONFIGUIEIVALUE?. ... et e e eee e ettt e e e e e e e e e e e e eaeeeeeeeeeenens 361
COUNLEIrSM > FETCN? e eeeeeeeet e e e e e e e e e e e e e e et e ettt eeanete e e e e e e e e e e e e aaaaaaaaaeeeeaes 361
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COUNter<m>:MEASUre:FREQUENCY?.......ceeeeeeeeeeeeeeeeeeaetninneaaaaaaaaeaeaeeeeeaaaaaeaeeeeeeeeennnenees 362
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COUNter<m>:SENSEIFUNCHON. ......cceeieeeieeeee et 363
COUNLEr<m>:SENSEIRANGE. .....ccuuieiee ettt e et e e e e et e e e e e e ereeeeeaaeeeennnnns 363
COUNter<m>:SENSE:REFErENCE:STATE.....cevieieririieiiiticiieaieieieeeeeeeaeeeeeeeeeeereeesssraranaa————_ 363
COUNter<m>:SENSE:REFErENCE:VALUE........cceevvrerrriiririiiieieieseeeeeeeeesereeeeeeeeeserrsrerannnn—. 364
COUNLEr<m>:SENSEISOURCE. .....uciiieiiiriiieeeeeettaeeee e ettt aeeeeeetateseeeseataeeeseesstaaeaeseeranns 364
(610181 (=T o 11 D] = N SRl 1N =TT 364
COUNter<m>:SENSe:TRIGGEIMODE.......ccoitiiiiiiiiinaaaaaa e e e e e e e e e e aeeeeeeeeeeeeeaeeenennnneeans 364
COUNter<m>:ABORt

Aborts a running measurement and switches to single measurement mode.

Suffix:
<m> 1.2
Usage: Event

COUNter<m>:CALCulate:AVERage:ALL?

Queries the statistical results of all measured counter frequencies since statistics were
last restarted.

Suffix:
<m> 1.2

Return values:
<All statistics> Minimum, average, maximum value

Usage: Query only

COUNter<m>:CALCulate:AVERage:AVERage?

Queries the average of all measured counter frequencies since statistics were last
restarted.

Suffix:
<m> 1.2

Return values:

<Average> Average measured value
Range: -100E+24 to 100E+24
Increment: 1E-12
*RST: 0

Default unit: Hz

Usage: Query only

COUNter<m>:CALCulate:AVERage:CLEar

Resets all statistical values.
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Suffix:
<m> 1.2
Usage: Event

COUNter<m>:CALCulate:AVERage:COUNt:CURRent?
Returns the number of counter frequencies included in the averaging process.

Suffix:
<m> 1.2

Return values:

<NumberOfValues> Range: 0 to 4294967295
Increment: 1
*RST: 0

Usage: Query only

COUNter<m>:CALCulate:AVERage:MAXimum?

Queries the maximum of all measured counter frequencies since statistics were last
restarted.

Suffix:
<m> 1.2

Return values:

<Maximum> Average measured value
Range: -100E+24 to 100E+24
Increment: 1E-12
*RST: 0

Default unit: Hz

Usage: Query only

COUNter<m>:CALCulate:AVERage:MINimum?

Queries the minimum of all measured counter frequencies since statistics were last
restarted.

Suffix:
<m> 1.2

Return values:

<Minimum> Average measured value
Range: -100E+24 to 100E+24
Increment: 1E-12
*RST: 0

Default unit: Hz

Usage: Query only
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COUNter<m>:CONFigure:FREQuency <Range>

This command sets all measurement parameters and trigger parameters to default val-
ues for frequency measurements.

Note: this command can be executed at any time, even if the counter is not yet activa-
ted. The parameters are stored internally and used when the counter is activated.

Suffix:
<m> 1.2

Parameters:
<Range> <numeric value> | MIN | MAX | DEF

Defines the measurement range of the input signal for the coun-
ter. If probes are connected, the MIN | MAX | DEF values are
adapted accordingly.

<numeric value>
Power range in V. If necessary, the next higher range is
selected.

MIN
100 mV

MAX
300V

DEF
100 mV

Usage: Setting only

COUNter<m>:CONFigure:VALue?

Returns the current configuration for the counter measurement defined by the most
recent COUNter<m>:CONFigure: FREQuency Or COUNter<m>:MEASure:
FREQuency? command.

Suffix:
<m> 1.2

Return values:
<ConfigString> String containing the current measurement function (FREQ) and
the defined measurement range of the used input channel.

Example: COUN1:CONF:VAL?
//Result: 'FREQ 3V'

Usage: Query only

COUNter<m>:FETCh?
Queries the currently measured value.

Suffix:
<m> 1.2
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Return values:

<ResultActual> Measured value
Range: -100E+24 to 100E+24
Increment: 0
*RST: 0

Default unit: Hz

Usage: Query only

COUNter<m>:INITiate

Resets the hardware and all statistical values, performs a single measurement and
ends in hold mode.

Suffix:
<m> 1.2
Usage: Event

COUNter<m>:MEASure:FREQuency? <Range>

This command sets all measurement parameters and trigger parameters to default val-
ues for frequency measurements, then immediately triggers a counter measurement
and returns the result.

This command corresponds to the commands COUNter<m>:CONFigure:
FREQuency + COUNter<m>:FETCh?

Suffix:

<m> 1.2

Parameters:

<Range> <numeric value> | MIN | MAX | DEF

Defines the measurement range of the input signal for the coun-
ter. If probes are connected, the MIN | MAX | DEF values are
adapted accordingly.

<numeric value>

Power range in V. If necessary, the next higher range is
selected.

MIN

100 mV

MAX

300 V

DEF
100 mV

Return values:
<Counter result> Measured frequency

Usage: Query only
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COUNter<m>:READ?

Starts a new measurement, returns the current measurement result and stays in run
mode.

Suffix:
<m> 1.2

Return values:
<Counter result> Measured frequency

Usage: Query only

COUNter<m>:SENSe:FUNCtion [<Function>]

Selects the input channel for the counter.

Suffix:

<m> 1.2

Parameters:

<Function> 'FREQ 1' | 'FREQ 2' | 'FREQ 3' | 'FREQ 4'

Depends on available channels.

COUNter<m>:SENSe:RANGe <MeterRangeUI>
This command defines the measurement range.

Suffix:
<m> 1.2

Parameters:

<MeterRangeUl> Range: 0.1 to 300
Increment: 0.1
*RST: 0.1

COUNter<m>:SENSe:REFerence:STATe <ReferenceSource>
Selects the reference to be used for the counter.

Suffix:
<m> 1.2
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Parameters:

<ReferenceSource> [INTernal | EXTernal
EXTernal
The measured value of counter 2 is used as a reference. Specify
the nominal reference frequency for counter 2 using
COUNter<m>:SENSe:REFerence:VALue.

INTernal

An internal reference is used to determine the counter fre-
quency.

*RST: INTernal

COUNter<m>:SENSe:REFerence:VALue <RefFreqg>

Defines the nominal frequency value to be used as a reference for counter 2.

Suffix:

<m> 1.2

Parameters:

<RefFreqg> Range: 10 to 500E+6
Increment: 1
*RST: 10E+6

Default unit: Hz

COUNter<m>:SENSe:SOURce <InputChannel>

Selects the channel used for input for the selected counter.

Suffix:

<m> 1.2
Parameters:

<InputChannel> C1|]C2|C3|C4

*RST: C1

COUNter<m>:SENSe:STATe <State>

Activates or deactivates the counter.

Suffix:

<m> 1.2
Parameters:

<State> ON | OFF

*RST: OFF

COUNter<m>:SENSe:TRIGger:MODE <TriggerMode>

Determines the measurement mode.
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14.10.1

Data Logging

Suffix:

<m> 1.2
Parameters:

<TriggerMode> AUTO | SINGle

AUTO

Continuous measurement; the most recent value is preserved
and displayed, while the oldest value are overwritten

SINGle

Single measurement; the continuous measurement is stopped
and the most recent value is preserved.

*RST: AUTO

Data Logging
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Logger Settings
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LOGGENTIMEDASEISRATE. ...uttitttitieiae e e ee ittt et e e e e e e e e e et e e e e e e e e e s e sanbebaeeeeeeaeaeaeas 365
LOGGETIMEDASEISCALE. ... eiii ettt e e e e e e e e e e e e e e e e e e eeeeeeeeeeenennnnanan 366
LOGGENSLOTICURRENL . ...ttt ettt e e e e e e e e e e e e e e e e e e e eeeeeeeansessnnnnnnan 366
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LOGGer:SOURce <Source>
Sets the logger source.

Parameters:
<Source> SCOPe | METer | COUNter

SCOPe: an active automatic measurement is required.
METer | COUNter: The selected measurement must be active,
but not running.

LOGGer:TIMebase:SRATe <NextSampleRate>

Sets the number of samples per second.
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Parameters:
<NextSampleRate> SA1|SA2 | SA5| SA10

*RST: SA1

LOGGer:TIMebase:SCALe <NextHorizScale>
Selects the horizontal scale of the logged data.

Parameters:
<NextHorizScale> AUTO |S1|S2|S4|S5|S10|S20|S40| M1 | M2 | M4 | M5 |
M10 | M20 | M40 | H1 | H2 | H4 | H5 | H10 | H20 | D1 | D2 | D4
S1]1S2|S4|S5|S10| S20 | S40
Seconds per division
M1 | M2 | M4 | M5 | M10 | M20 | M40
Minutes per division
H1|H2 | H4 | H5| H10 | H20
Hours per division
D1|D2| D4
Days per division
*RST: AUTO

LOGGer:SLOT:CURRent <SelectedSlot>

Selects one of the 10 memory slots to store the data during the logging. It is possible to
change the slot during recording.

Parameters:

<SelectedSlot> SLOT1 | SLOT2 | SLOT3 | SLOT4 | SLOT5S | SLOT6 | SLOT7 |
SLOT8 | SLOT9 | SLOT10
*RST: SLOT1

LOGGer:SLOT:LOAD

Loads the logger record of a slot, and activates the slot. The slot is defined using
LOGGer:SLOT: CURRent.

Usage: Event

LOGGer:SLOT:CLEar
Deletes the log data of a slot. The slot is defined using .OGGer : SLOT : CURRent.
Only possible while logging is stopped.

Usage: Event
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LOGGer:ACLR
Deletes the log data of all slots. Only possible while logging is stopped.

Usage: Event

Cursor in Logger Mode

Cursor Settings
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LOGGer:CURSor:STATe <Enabled>
Enables or disables the logger cursor measurement.

Parameters:
<Enabled> ON | OFF

*RST: OFF

LOGGer:CURSor:TYPE <Value>

If data logging is running for more than 2 days and 7 hours, the logger compresses 4
logging values into a minimum, average and maximum value. The command defines
which of these values are measured at the cursor position.

For logging periods shorter than 2 days and 7 hours, the command is not relevant.

Parameters:
<Value> MINimum | AVERage | MAXimum

*RST: AVERage

LOGGer:CURSor:SCPLing <TrackScaling>

If ON, the position of the cursor lines is adjusted when the horizontal scale is changed.
If OFF, the cursor lines remain on their position on the display when the scaling is
changed.

Parameters:
<TrackScaling> ON | OFF

*RST: OFF
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LOGGer:CURSor:COUPIling <Coupling>

Couples the cursor lines so that the distance between the two lines remains the same
when one cursor is moved.

Parameters:
<Coupling> ON | OFF

*RST: OFF
LOGGer:CURSor:SCReen

Sets the cursors to a default position on the screen.

Usage: Event

Cursor Results

LOGGer:CURSor<m>:RESUN<N>[:AMPLITUAE]?.......eeeeeeerreriiriiiiiiceieieeeeeeeeeeeeeeeeeeeeeeeeeeees 368
LOGGer:CURSOINRESUIKNZIDELTA. . ceiiiieieeeeeeeeeeeieeeeeeeeevereresrarareeeaeseseeeeeaeaeaesesseeeees 368
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LOGGer:CURSor<m>:RESult<n>[:AMPLitude]?

Returns the measured value at the specified cursor line (y1 and y2 on the result dis-
play).

Suffix:
<m> 1.2

Specifies the cursor line.
<n> 1.4

Specifies the measurement. You can log the results of up to four
active measurements.

Return values:
<Yvalue> Measurement value

Usage: Query only

LOGGer:CURSor:RESult<n>:DELTa?

Returns the difference of the measured values at cursor line 1 and cursor line 2 (Ay on
the result display).

Suffix:

<n> 1.4
Specifies the measurement. You can log the results of up to four
active measurements.

Return values:
<ResultDelta> Absolute value of the result difference.
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Query only

LOGGer:CURSor<m>:POSition?

Returns the timestamp (absolute time) of the specified cursor line (11 and t2 on the

result display).

Suffix:
<m>

Return values:

1.2
Specifies the cursor line.

<Time> List of values:
<Year>;<Month>;<Day>;<Hour>;<Minute>; <Second>;<TenthsOfSec
Year, month, day, hour, minute, second, tenth of a second, for
example 2015,10,29,16,10,22,2

Usage: Query only

LOGGer:CURSor:TDELta?

Returns the time difference of the cursor lines (t1 and t2 on the result display).

Return values:
<DeltaTime>

Usage:

List of values:
<Day>;<Hour>;<Minute>;<Second>;<TenthsOfSecond>

Days, hours, minutes, seconds, tenth of a second, for example
1,9,10,22,5

Query only

Zoom in Logger mode
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LOGGer:ZOOM:ENABIle <Zoom Enabled>

Enables or disables the logger zoom.

Parameters:

<Zoom Enabled>

ON | OFF
*RST: OFF

LOGGer:ZOOM:SCALe <Zoom Scale>

Sets the time scale of the zoomed waveform.
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Parameters:
<Zoom Scale> AUTO |S1|S2|S4|S5|S10|S20|S40 | M1 | M2 | M4 | M5 |
M10 | M20 | M40 | H1 | H2 | H4 | H5 | H10 | H20 | D1 | D2 | D4

LOGGer:Zoom:POSition?

Returns the position of the left edge of the zoomed area in relation to the left side of
the display.

Suffix:
<m> 1.2
Specifies the cursor line.

Return values:
<Time> List of values:
<Year>;<Month>;<Day>; <Hour>;<Minute>;<Second>;<TenthsOfSec

Year, month, day, hour, minute, second, tenth of a second, for
example 2015,10,29,16,10,22,2

Usage: Query only

14.10.4 Logger Statistics

The suffix <m> specifies the measurement that is logged.

LOGGENRECOIAING:STARLE?. .. ettteaaaae e e e e e e e e e e e e et et e ettt aeaettstabaraae s e e e e e e e aaaaaaaaaeaeaeannnes 370
@ C T o o =l @] (o 1T i K@ - USSR 370
LOGGer:MEASurement<m>:RESult: CURRENISAMPI?......cociimiiiiiiiiiiiiaieaeee e e e ee e e eeeeees 371
LOGGer:MEASurement<m>:RESult: MAXimUM:POSIION?.......uuueuieieieieieieeeeeeeeeeeeeeeeeeeeeeens 371
LOGGer:MEASurement<m>:RESuUlt:MAXIMUM:VALUE?........uuuuuieeeieieieeeeeeeeeeeeeeeeeeeeeeennnnns 371
LOGGer:MEASurement<m>:RESult:MINIimum:POSItioN?..........ceeereeieiriieeeeeeeiiieeeeeeeereannn. 371
LOGGer:MEASurement<m>:RESuUlt:MINIMUM:VALUE?.......cccuuiiiiiiieiiice et 372
LOGGer:MEASurement<m>:RESUIIMEAN?.......ooun e 372
LOGGer:MEASurement<m>:RESUIt:STDDEV?......ccuieeeeeeeee et 372
LOGGer:MEASUrement<m>:ENABIEA?........cceeuuieieeeeeeeeee et e e e e e e e eeees 372
LOGGerMEASUrEmMENt<M> TYPE 2. .. uuiiiiieieieieeeeeeeeeeeeeeeeeeeeeeerr bbb e seeeeeeeaaaaaeseeeeees 373
LOGGer:MEASUrement<mM>:SOURCE?.....uuuiiieieieieiiieeeeeeeieeeeeeeeeeeereraressrsan e seeeeaeaaees 373

LOGGer:RECording:STARt?
Returns the absolute start time of the current logging session.

Return values:
<StartTime> Year, month, day, hour, minute, second, tenth of a second, for
example 2015,10,29,16,10,22,2

Usage: Query only

LOGGer:RECording:TOTal?

Returns the total duration of the current logging session.
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Return values:
<Time> List of values:
<Days>;<Hours>;<Minutes>;<Seconds>;<TenthsOfSecond>

Forexample: 1;1;42;32;2

Usage: Query only

LOGGer:MEASurement<m>:RESult: CURRentsampl?
Returns the actual logging value of the selected measurement.

Suffix:
<m> 1.4

Return values:

<CurrentSample> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Usage: Query only

LOGGer:MEASurement<m>:RESult:MAXimum:POSition?
Returns the time stamp of the maximum logging value of the selected measurement.

Suffix:
<m> 1.4

Return values:
<TimeOfMax>

Usage: Query only

LOGGer:MEASurement<m>:RESult:MAXimum:VALue?
Returns the maximum logging value of the selected measurement.

Suffix:
<m> 1.4

Return values:

<Maximum> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Usage: Query only

LOGGer:MEASurement<m>:RESult:MINimum:POSition?
Returns the time stamp of the minimum logging value of the selected measurement.

Suffix:
<m> 1.4
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Return values:
<TimeOfMin>

Usage: Query only

LOGGer:MEASurement<m>:RESult:MINimum:VALue?
Returns the minimum logging value of the selected measurement.

Suffix:
<m> 1.4

Return values:

<Minimum> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Usage: Query only

LOGGer:MEASurement<m>:RESult:MEAN?
Returns the mean logging value of the selected measurement.

Suffix:
<m> 1.4

Return values:

<Average> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Usage: Query only

LOGGer:MEASurement<m>:RESult:STDDev?
Returns the standard deviation value of the selected measurement.

Suffix:
<m> 1.4

Return values:

<StdDeviation> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Usage: Query only

LOGGer:MEASurement<m>:ENABIled?
Returns the measurement state of scope and meter measurements.

Suffix:
<m> 1.4
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Return values:

<Enabled> ON | OFF
*RST: OFF
Usage: Query only

LOGGer:MEASurement<m>:TYPE?
Returns the measurement type of the selected measurement.

Suffix:
<m> 1.4

Return values:
<Type> See MEASurement<m>:TYPE on page 288.

Usage: Query only

LOGGer:MEASurement<m>:SOURce?
Returns the source channel of the selected measurement.

Suffix:
<m> 1.4

Return values:

<Source> C1|C2|C3|C4|M1|R1|XY|DO|D1|D2|D3|D4|D5|
D6 | D7

<Source2> C1|C2|C3|C4|M1|R1|XY|DO|D1|D2|D3|D4|D5|
D6 | D7

Example: LOGGer:MEASurement4:SOURce?
<-- C2,C1l

Measurement 4 is a delay measurement on source 1 = C2 and
source 2 = C1

Usage: Query only

14.10.5 Logger Records

You can export the data of an active slot to a file, in CSV or MAT format. See also:
Chapter 7.6, "Logger Records", on page 156.

[0l C T oS K Ol X OF WA =Y N 373
LOGGEr:SLOTEXPOIINAME. .....cuiiiiiiiee et e e e st et e e e e s e s e e e e sbaseanasanas 374
LOGGENSLOT I EXPOIM I SAVE . ... e ettt et e e e e e e s e s e e s s e eenenenss 374
LOGGer:SLOT:ACTive?

Returns the active slot. The active slot is the slot where logger data is stored, and the
data is loaded for display.
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Return values:

<LoadedSlot> SLOT1 | SLOT2 | SLOT3 | SLOT4 | SLOT5 | SLOT6 | SLOT7 |
SLOT8 | SLOT9 | SLOT10
*RST: SLOT1

Usage: Query only

LOGGer:SLOT:EXPort:NAME <Name>
Sets the file name, file format and path to save the logger record.

Parameters:
<Name> String with path and file name with extension .csv or .mat.

LOGGer:SLOT:EXPort:SAVE

Saves the logger record of the active slot to the file specified with LOGGer: SLOT :
EXPort:NAME. The active slot is queried with LOGGer : SLOT: ACTive?.

Example: RUN
LOGGer:SLOT:CURRent SLOT2
STOP
LOGGer:SLOT:ACTive?
<-- SLOT2
LOGGer:SLOT:EXPort:NAME '/media/USB1/SLOT2.MAT"
LOGGer:SLOT:EXPort:SAVE

Usage: Event

Protocol Analysis

o (General ProtoCol SEttiNgS......coueiiiiiiiiiiiiieee e 374
o 12C (Option R&S RTH-KT)...uiiiiiiieeiie ettt e e 375
o  SPI (Option R&S RTH-KT)..ei ittt 385
o UART/RS-232/RS-422/RS-485 (Option R&S RTH-K2)......ccooooiiiiiiiiiiiieeeen, 393
o CAN (Option R&S RTH-K3)...cceiiiiiiiiiiiiie et 399
o LIN (Option R&S RTH-K3)....ccciieieiiiieiiiie et 411

General Protocol Settings

BUSITYPE .ot eee e eee e eee e s ee e ee s et s ee e ees s ee e een s ee e e s ee s ee s ee s ee s esnseeneneeeens 374
BUSEESTATEL et eeeeseeeeeeeeeeeeeeeeeeeeeeee s eseeeeseeseseeeeseeseeeeee s ee s ee e ee e et s ees s seseeneseeeens 375
BUSIFORMAL. ...t eeeeeeeseseeseseeseseeseseeseseesesteseseesesseseeseseeseseeseeeeseseesesssessseseesesseees 375

BUS:TYPE <Protocol>

Defines protocol type of the bus for configuration and trigger settings.
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Parameters:
<Protocol> 12C | SPI | UART | CAN | LIN

*RST: 12C

BUS[:STATe] <State>

Enables the decoding and the display of the serial bus data.

Parameters:
<State> ON | OFF

*RST: OFF

BUS:FORMat <NumberFormat>
Sets the decoding format of the data.

Parameters:
<NumberFormat> BIN | OCT | DEC | HEX | ASCii

*RST: HEX

I2C (Option R&S RTH-K1)

Protocol Analysis

o |2C Configuration SEtliNgS.....cccouiiiiiiiiiiiiie e 375
L I 1 O I T o 1= SRR 376
0 [2C DECOAE RESUILS.....eiiiiiiiiiiee ettt e e et e e e e eree e e e e 379
12C Configuration Settings

BUS:I2C:SCLISOURGCE. .. .uturttrieeeieraeeeieiseeserierereeseaaaesesssasassstereeereaeaaasssssaaansssseneereeeaeeees 375
BUS:I2C:SDA:SOURGCE. ....uuuutiiiiiiieeeeeeiieiciittterereeteaeeeesssseastssereeeaaaaessessaassnntssaneesasaeeesanns 375
BUS:I2C: TECHNOIOQY . ..eeteteeererreunnunnuuaaaiaieseseeeaaaaseteeeeeeeeeressstnsnnnnnnnaasaseeaaaaaeaseeseeeeennnes 376
8 RS 2 O] @ I Il 2 T=Y o o S 376
BUS:I2C:SDATHRESNOIA. ...ttt ettt ettt e e e et e e e e e enaas 376
2] TR I 1= 376

BUS:12C:SCL:SOURce <Channel>
BUS:12C:SDA:SOURce <Channel>

Set the input channels of the 12C lines.

Parameters:

<Channel> C1]C2|C3|C4|DO0|D1|D2|D3|D4|D5|D6|D7

C3 and C4: only R&S RTH1004

Digital channels are available if option R&S RTH-B1 is installed.

*RST: C1
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BUS:I2C:TECHnology <ThresholdType>

Sets the threshold values of all 12C lines as defined for various signal technologies.
Parameters:

<ThresholdType> TTL | ECL | CMOS | USER

TTL
1.4V

ECL
-1.3V

CMOS
25V

USER
Set a user-defined value for each line using the
BUS:I2C:<line>:THReshold commands.

*RST: TTL
Usage: SCPI confirmed

BUS:12C:SCL:THReshold <ThresholdValue>
BUS:I12C:SDA:THReshold <ThresholdValue>

Set a user-defined threshold value for the corresponding line if BUS: T2C:
TECHnology is set to USER.

Parameters:

<ThresholdValue>  Range: -400 to 400
Increment: 1E-3
*RST: 1.4
Default unit: V

BUS:SETReflevels
Sets the appropriate threshold or threshold for the selected serial protocol.

Usage: Event

12C Trigger

IR L Te =T D24 O 1Y [ ] PP 377
TRIGQEII2C:ADNACK. ... ututeeeeeeieieeeeeeeeeieeeeeeeeeeeteteat e aaaeseseeeaaaaaaseseseeeeeessssrarsranannnnnns 377
TRIGQEII2C:DRNECK. ......ceieieeieieeeeretiitt i eseaeaeseeeeeeeeeeeeeeeeeeeereeeesssrat b aaesesesaaaaees 377
TRIGQEII2C:DWNACK. ...eeeevrrereietuuneneaaaaaseseeeseeaaeseteteeeeeeeeeeessntnnnnanaaasasaesasaaeaaeesererenenns 377
TRIGGEII2C ACCESS. ... a e e e et et e e e e e e et e ettt et tteetebe s e s s s e e e eeaaaaaaaaeeeeeeeeaneessnsnnnnanaanan 377
TRIGQErI2C: ACONItION. ceetttttetetatiee e e e e e e e e e e e e e e et e ettt et et eebesb b ae e e e e e e e e aaaaaaaaaeaeaaes 378
TRIGQEII2C: ADDRESS. . ..t aeeeeeeeeeeeeeee et e et eeteeeeeeta e aa e e e e e e e eeeeaeaaaeaeeeeeaeaeanennnnennnnnnnnnn 378
QLI R Te =T D24 O3 B N ISP 378
TRIGQEr:I2C:DCONIION. et ieieeeeeeeeeeeee ettt e e e se e e e e eeeeeaaeeeeseeeeeeeeressesessesananas 378
TRIGGEr:I2C:DPOSIION. ...uutrrtireteeieeeeeeeieiitirreeereeseeeesaessaansraarreeeaaasssssssanrssseneeeeeasasans 379
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TRIGger:12C:MODE <TriggerType>
Selects the trigger type for I°C analysis.

Parameters:
<TriggerType> STARt | RESTart | STOP | NACK | ADDRess | DATA | ADAT

NACK = Missing acknowledge bit
ADAT = combination of address and data condition
For details, see "I2C Trigger" on page 170.

*RST: STARt

TRIGger:12C:ADNack <TrigOnNoAckForAddress>
Set ON to trigger if no slave recognizes the address.
The command takes effect if TRTIGger: T2C: MODE is NACK.

Parameters:
<TrigOnNoAckForAdd@bsspOFF

*RST: ON

TRIGger:12C:DRNack <NoAckDataRead>

Set ON to trigger if the end of the read process is marked when the master reads data
from the slave. This Nack is sent according to the protocol definition, it is not an error.

The command takes effect if TRTIGger: T2C:MODE is NACK.

Parameters:
<NoAckDataRead> ON | OFF

*RST: ON

TRIGger:12C:DWNack <NoAckDataWrite>

Set ON to trigger if he addressed slave does not accept the written data, and the write
data acknowledge bit is missing.

The command takes effect if TRIGger: 12C:MODE is NACK.

Parameters:
<NoAckDataWrite> ON | OFF

*RST: ON

TRIGger:12C:ACCess <ReadWriteBit>

Toggles the trigger condition between read and write access of the master. Select
"Either" if the transfer direction is not relevant for the trigger condition.

The command takes effect if TRIGger:12C:MODE is ADDRess Or ADAT.
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Parameters:
<ReadWriteBit> READ | WRITe | EITHer

*RST: ElTHer

TRIGger:12C:ACONdition <Relation>

Defines how the specified serial address pattern is compared with the acquired signal.
The instrument triggers if the acquired address is equal or unequal to the pattern.

Parameters:
<Relation> EQUal | NEQual

*RST: EQuUal

TRIGger:12C:ADDRess <Pattern>

Specifies the address pattern to be found, in binary format. Enter the pattern in MSB

first bit order.

Parameters:

<Pattern> String with max. 7 or 10 characters, depending on the address
length. Characters 0, 1, and X are allowed. If you define a pat-
tern shorter than the address length, the missing LSB are filled
with X.

Example: TRIG:I2C:ADDR "10110"

Sets the 7 bit address pattern 10110XX.

TRIGger:12C:DATA <Pattern>

Defines the data pattern as trigger condition. Enter the words in MSB first bit order.

Parameters:

<Pattern> String with max. 4 bytes in binary format. Characters 0, 1, and X
are allowed. If you define a pattern with incomplete byte, the
missing LSB are filled with X.

Example: TRIGger:I2C:DATA '11111111000000001111"

TRIGger:I2C:DATA?
<-- 11111111000000001111XXXX

TRIGger:12C:DCONdition <Relation>

Defines how the specified data pattern is compared with the acquired signal. The
instrument triggers if the acquired data is equal or unequal to the pattern.

Parameters:
<Relation> EQUal | NEQual

*RST: EQUal
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TRIGger:12C:DPOSition <ByteOffset>

Sets the number of bytes before the first byte of the data pattern. These bytes are
ignored.

Parameters:

<ByteOffset> Range: 0 to 4095
Increment: 1
*RST: 0

12C Decode Results

The frame suffix <m> selects the frame index for which the result is queried.

The byte suffix <n> selects the byte index for which the result is queried.

BUS I 2 FC OUNE 2. et ettt e et e e ettt e e ettt e e e et e e et e e e et e e e eaan e eennaeetaaeesnnaesnnnaaeeen 379
BUS:I2C:FRAMESMS AAC CESS 2. . e eetieeeie et e et e et e et e e e et e e e eae e e eta e e e et e e eenaeeeesnaaeeenns 380
BUS I 2C: FRAMESMS A C S S . eniieieiee ittt ettt et e e e e e st en e sa e enenenenennenanns 380
BUS:I2C:FRAME<M>ACOMPIELE?. ... ettt ettt et e e e e e e e e e e ees 380
BUS:I2C:FRAME<M > AD B S A 2. .. it iiiei et e e e e et et s e et e it s e e e e e eaeeneens 380
BUS:I2C:FRAMESM>ADDRESS?. 1 1 uuuieieieieieeeeeeeieieieeeeeeeeessststssas e seeseeasassasseserereeeens 381
BUS:I2C:FRAMESM>:ADEVICE?....ccetuueeeeeieetiieeeeeeetetiie e e e s eeetiaeeeeseetaaeeeesesaaaseeeeessanaeaaes 381
BUS:I2C:FRAMESM>:AMODE?.....ccuu it e et e et e et ee e et e e e e et e e et e e enaanas 381
BUS: I 2C : FRAME M AS T At 2. e e iiiiieiee ettt ettt e et et et e e s e ea e e eneeaeaensanenaenns 381
BUS:I2C:FRAMESM>BCOUN?. . ettt e e e e e e e e e e ennes 382
BUS:I2C:FRAME<M > BY TESN> AC CESS 7.t uituiiuiiienietirereeetesterasesensentetartarenseneranesnrenrenss 382
BUS:I2C:FRAME<M>:BY TESN>:ACKSIAN?. .. uuuuuueiieieieieeeeeeeeeeeieeeeeeeeeeeerersrensnnnaneeeneees 382
BUS:I12C:FRAMe<mM>:BYTE<N>:COMPIELE?.....uuieeeiieiiiieeeeeeeeteeeeeeeeeeee e e e e et e e e e eeaaaeeeeas 382
BUS:I2C:FRAME<M>:BY TESN>ISTARL?. .. ittt ettt e et e e e e eeb e e e e eeeaaanns 383
BUS:I2C:FRAME<M>:BYTESN>IVALUEB?. ... ittt ettt e et e e e et e e eaaeeeeas 383
BU S 2 F R AME M DA T A ettt ettt et e e e e e e e e e eneensarnsanenanns 383
BUS:I2C:FRAMESM> RWBSHA?. . .e ettt e e e e e e e e e eneans 383
BUS I 2 FRAME<M > ST AR . e ittt e e e e e et et e e e e e s a e e e e renns 384
BUS:I2C:FRAMESM>STATUS?....cceieeeeeeeeeeeeeeeeeeerereat b abeaaeseseeeeeesasaasaesesereeeeesessrssraranes 384
BUS:I2C:FRAMESM>ISTOP?..ccttiieieeeeeeteie e ettt e e e ettt e e e e e e eab e e e e s eetaaeeeesaasaneeeeeesnnnnnns 385
BUS:I12C:FCOunt?

Returns the number of decoded frames.
Return values:
<Count> Total number of decoded frames.

Range: 0 to 100000
Increment: 1
*RST: 0

Usage: Query only
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BUS:12C:FRAMe<m>:AACCess?
Returns the address acknowledge bit value for the indicated frame.

Suffix:
<m> *

Return values:
<AddressAckBit> INComplete | ACK | NACK | EITHer

*RST: INComplete
Usage: Query only

BUS:I12C:FRAMe<m>:ACCess?
Returns the value of the R/W bit of the indicated frame.

Suffix:
<m> *

Return values:

<RWBIt> READ | WRITe | EITHer | UNDefined
*RST: UNDefined
Usage: Query only

BUS:I2C:FRAMe<m>:ACOMplete?
Returns if the address is completely contained in the acquisition.

Suffix:
<m> *

Return values:
<AddressComplete> 1|0

*RST: OFF
Usage: Query only

BUS:I12C:FRAMe<m>:ADBStart?
Returns the start time of the address acknowledge bit.

Suffix:
<m> *

Return values:

<AddressAckBitStart> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only
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BUS:I12C:FRAMe<m>:ADDRess?
Returns the address value of the indicated frame including the R/W bit.

Suffix:
<m> *

Return values:

<Address> Range: 0 to 2047
Increment: 1
*RST: 0

Usage: Query only

BUS:12C:FRAMe<m>:ADEVice?
Returns the pure device address of the indicated frame without the R/W bit.

Suffix:
<m>

Return values:

<DeviceAddress> Range: 0 to 1023
Increment: 1
*RST: 0

Usage: Query only

BUS:12C:FRAMe<m>:AMODe?
Returns the address length.

Suffix:
<m> *

Return values:

<AddressType> BIT7 | BIT10 | ANY
*RST: BIT7
Usage: Query only

BUS:I12C:FRAMe<m>:ASTart?
Returns the start time of the address for the indicated frame.

Suffix:
<m> *

Return values:

<AddressStartTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s
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Usage: Query only

BUS:12C:FRAMe<m>:BCOunt?
Returns the number of bytes in the specified frame.

Suffix:
<m> *

Return values:
<Count> Byte count

Usage: Query only

BUS:I12C:FRAMe<m>:BYTE<n>:ACCess?

Returns the acknowledge bit value of the specified data byte.

Suffix:
<m> *
<n> *

Return values:

<AckBit> INComplete | ACK | NACK | EITHer
*RST: INComplete
Usage: Query only

BUS:I12C:FRAMe<m>:BYTE<n>:ACKStart?

Returns the start time of the acknowledge bit of the specified byte.

Suffix:
<m> *
<n> *

Return values:

<AckBitStartTime>  Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:I2C:FRAMe<m>:BYTE<n>:COMPlete?

Returns if the indicated byte is completely contained in the acquisition.

Suffix:
<m> *
<n> *
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Return values:

<lsComplete> 110
*RST: OFF
Usage: Query only

BUS:I2C:FRAMe<m>:BYTE<n>:STARt?

Returns the start time of the specified data byte.

Suffix:
<m> *
<n> *

Return values:

<StartTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:I12C:FRAMe<m>:BYTE<n>:VALue?

Returns the data value of the specified byte.

Suffix:
<m> *
<n> *

Return values:

<Value> Range: 0 to 255
Increment: 1
*RST: 0
Usage: Query only

BUS:12C:FRAMe<m>:DATA?

Returns the data words of the specified frame.

Suffix:

<m> *

Parameters:

<Data> Comma-separated list of values.
Usage: Query only

BUS:I12C:FRAMe<m>:RWBStart?
Returns the start time of the R/W bit
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Suffix:
<m> *

Return values:

<RWBItStartTime>  Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:12C:FRAMe<m>:STARt?
Returns the start time of the specified frame.

Suffix:
<m> *

Return values:

<StartTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:I12C:FRAMe<m>:STATus?
Returns the overall state of the frame.

Suffix:
<m> *
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Return values:
<Status> OK | VOID | ADNack | WRNack | SPERror | STERror |
INSufficient

OK

The frame is valid.
VOID

The frame is empty.

ADNack
Missing acknowledge bit after address - no slave recognizes the
address.

WRNack
Missing acknowledge bit after written data - the addressed slave
does not accept the written data.

SPERror
Stop error, no stop condition found.

STERror
Start error, no start condition found.

INSufficient
The frame is not completely contained in the acquisition. The
acquired part of the frame is valid.

*RST: OK
Usage: Query only

BUS:12C:FRAMe<m>:STOP?
Returns the end time of the specified frame.

Suffix:
<m> *

Return values:

<StopTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

SPI (Option R&S RTH-K1)

SPI Configuration Settings

BUS:SPLSCLKISOURCE. ... .iiiiiiiiiiis ittt s e e 386
BUS:SPISSEL:SOURGE......cceuuiiiiiiiic it e e 386
BUS:SPEMOSIESOURCE. ....cciiiii it n e 386
BUS:SPIMISO:SOURCE....uuuuiiiiiiiiiiiiciccicc it 386
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BUS S P S C LK S L O P . ettt ettt et e e e e e e e e e s eae s ra s e e rernrenens 386
BUS:SPLSSEL:POLAIY .. etieeeiee ettt e et e e e ee e e e e e e e e e e ea e enan 386
BUS:SPITECHNOIOGY .. eeeeseeeeeeeeeseeseeeeeeeeseseeseseeseesesesseseeseseeseseesesseseseesesneseeneseneens 386
BUS:SPISCLK:THRESNOIA. 1.vuututueieeeieieieeeeeeeeeee ettt ettt eeeese e e e e e e aeaaaaeeeseeeeeeeeseeens 387
BUS:SPI:SSEL:THRESNOIG......cceeiieieieiieeeeeeeerettetiteese s se e e e e eeeeeeeeeseseseeeeesessssssarasannnnannns 387
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BUS:SPI:SCLK:SOURce <Channel>
BUS:SPI:SSEL:SOURce <Channel>
BUS:SPI:MOSI:SOURce <Channel>
BUS:SPI:MISO:SOURce <Channel>

Set the input channels of the SPI lines.
Parameters:
<Channel> C1|C2|C3|C4|D0|D1|D2|D3|D4|D5|D6|D7| NONE

C3 and C4: only R&S RTH1004
Dx: Digital channels are available if option R&S RTH-B1 is

installed.
NONE: not available for clock line SCLK.
*RST: C1

BUS:SPI:SCLK:SLOPe <ClockEdge>

Selects if data are sampled on the rising or falling slope of the clock. The clock slope
marks the begin of a new bit.

Parameters:
<ClockEdge> POSitive | NEGative

*RST: POSitive

BUS:SPI:SSEL:POLarity <ChipSelectPolarity>
Selects whether the chip select signal is high active (high = 1) or low active (low = 1).

Parameters:
<ChipSelectPolarity> ACTLow | ACTHigh

*RST: ACTHigh

BUS:SPL: TECHnology <ThresholdType>

Sets the threshold values of all SPI lines as defined for various signal technologies.



Protocol Analysis

Parameters:
<ThresholdType> TTL | ECL | CMOS | USER

TTL
1.4V
ECL
-1.3V
CMOS
25V

USER
Set a user-defined value for each line using the
BUS:SPI:<line>:THReshold commands.

*RST: TTL
Usage: SCPI confirmed

BUS:SPI:SCLK:THReshold <ThresholdValue>
BUS:SPI:SSEL:THReshold <ThresholdValue>
BUS:SPI:MOSI:THReshold <ThresholdValue>
BUS:SPI:MISO:THReshold <ThresholdValue>

Set a user-defined value for the corresponding line if BUS: SPT : TECHnology is set to

USER.

Parameters:

<ThresholdValue>  Range: -400 to 400
Increment: 1E-3
*RST: 1.4

Default unit: V

BUS:SETReflevels
Sets the appropriate threshold or threshold for the selected serial protocol.

Usage: Event

BUS:SPI:WSIZe <WordLength>

Sets the number of bits in a word.

Parameters:

<WordLength> WL4Bit | WL8BIt | WL12bit | WL16bit | WL20bit | WL24bit |
WL28bit | WL32bit
*RST: WL8Bit

BUS:SPI:ORDer <BitOrder>

Defines if the data of the words starts with MSB (most significant bit) or LSB (least sig-
nificant bit). Results are displayed in the specified order.
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Parameters:
<BitOrder> LSBF | MSBF

*RST: MSBF

BUS:SPI:TIMeout <FrameTimeout>

Sets the minimum idle time between two data frames. If the time interval between the
data frames is shorter, the words are part of the same frame. Within the timeout, the
data and clock lines are low. A new frame begins when the timeout has expired.

Timeout is only relevant if the bus has no chip select.

Parameters:

<FrameTimeout> Range: 500E-9 to 1000
Increment: 1E-3
*RST: 1E-3
Default unit: s

14.11.3.2 SPI Trigger
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TRIGger:SPI:MODE <TriggerType>
Selects the trigger type for SPI analysis.
Parameters:

<TriggerType> FRST | FREN | DATA

FRST = frame start

FREN = frame end

DATA = data.

For details, see "SPI Trigger" on page 178.

*RST: FRST

BUS:SPI:SSEL:STATe <UseChipSelect>
Defines if the SPI bus uses a chip select line or not.

Parameters:
<UseChipSelect> ON | OFF

*RST: ON
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TRIGger:SPI:DSRC <DataSource>
Selects the line, on which the trigger pattern is expected.

Parameters:
<DataSource> MISO | MOSI

*RST: MISO

TRIGger:SPI:DATA <Pattern>

Specifies the data pattern to be found on the specified line, in binary format. Enter the
words in MSB first bit order.

Parameters:

<Pattern> String with max. 32 bit in binary format. Characters 0, 1, and X
are allowed.

Example: TRIGger:SPI:DATA '111000'
TRIGger:SPI:DATA?
<--111000

Specifies a 6 bit pattern. Higher bits are omitted.

TRIGger:SPI:DCONdition <Relation>

Defines how the specified data pattern is compared with the acquired signal. The
instrument triggers if the acquired data is equal or unequal to the pattern.

Parameters:
<Relation> EQUal | NEQual

*RST: EQUal

TRIGger:SPI:DPOSition <BitOffset>

Sets the number of bits before the first bit of the pattern. These bits are ignored. The
first bit after CS or timeout is bit 0.

Parameters:

<BitOffset> Range: 0 to 4095
Increment: 1
*RST: 0

14.11.3.3 SPI Decode Results

The frame suffix <m> selects the frame index for which the result is queried.

The byte suffix <n> selects the byte index for which the result is queried.
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BUS:SPI:FCOunt?

Returns the number of decoded frames.

Return values:
<Count> Total number of decoded frames.

Range: 0 to 100000
Increment: 1
*RST: 0

Usage: Query only

BUS:SPI:FRAMe<m>:DATA?

Returns the data words of the specified frame.

Suffix:
<m> *
Selects the frame.
Parameters:
<Data> List of decimal values of data bytes
Example: BUS:SPI:FRAM3:DATA?
<--94,177,171,60,242,219,100,0
Usage: Query only

BUS:SPI:FRAMe<m>:STATus?
Returns the overall status of the specified frame.

Suffix:
<m> *
Selects the frame.
Return values:
<State> OK | VOID | FRERror | INSufficient

VOID: The frame is empty.

FRERror: error in the frame.

INSufficient: frame is not completely contained in the acqui-
sition. The acquired part of the frame is valid.

*RST: OK
Usage: Query only
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BUS:SPI:FRAMe<m>:STARt?
Returns the start time of the specified frame.

Suffix:
<m> *
Selects the frame.

Return values:

<StartTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:SPI:FRAMe<m>:STOP?
Returns the end time of the specified frame.

Suffix:
<m> *
Selects the frame.

Return values:

<StopTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:SPI:FRAMe<m>:WCOunt?
Returns the number of words in the specified frame.

Suffix:
<m> *
Selects the frame.

Return values:
<Count> Number of words

Usage: Query only

BUS:SPI:FRAMe<m>:WORD<n>:MISO?
Returns the data value of the specified word on the MISO line.

Suffix:
<m> *
Selects the frame.
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<n> *
Selects the word number.

Return values:

<MISOValue> Decimal value of the data word
Range: 0 to 4294967295
Increment: 1
*RST: 0

Usage: Query only

BUS:SPIl:FRAMe<m>:WORD<n>:MOSI?

Returns the data value of the specified word on the MOSI line.

Suffix:
<m> *

Selects the frame.
<n> *

Selects the word number.

Return values:

<MOSIValue> Decimal value of the data word
Range: 0 to 4294967295
Increment: 1
*RST: 0

Usage: Query only

BUS:SPI:FRAMe<m>:WORD<n>:STARt?

Returns the start time of the specified data word.

Suffix:
<m> *

Selects the frame.
<n> *

Selects the word number.

Return values:

<StartTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:SPI:FRAMe<m>:WORD<n>:STOP?

Returns the end time of the specified data word.
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Suffix:
<m> *

Selects the frame.
<n> *

Selects the word number.

Return values:

<StopTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

14.11.4 UART/RS-232/RS-422/RS-485 (Option R&S RTH-K2)
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14.11.4.1 UART Configuration
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BUS:UART:SOURce <Channel>

Selects the input channel of the UART line.

Parameters:

<Channel> C1|C2|C3|C4|D0|D1|D2|D3|D4|D5|D6|D7

C3 and C4: only R&S RTH1004
Digital channels are available if option R&S RTH-B1 is installed.

*RST: C1
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BUS:UART:POLarity <Polarity>

Defines the logic states of the line. In idle high state, the idle state corresponds to a
logic 1, and the start bit to a logic 0. In idle low state, the idle state corresponds to a
logic 0, and the start bit to a logic 1. During idle time, no data is transmitted.

Parameters:
<Polarity> IDLLow | IDLHigh
*RST: IDLHigh

BUS:UART:TECHnology <ThresholdType>
Sets the threshold value of the UART line as defined for various signal technologies.
Parameters:

<ThresholdType> TTL | ECL | CMOS | USER

TTL
1.4V

ECL
-1.3V

CMOS
25V

USER
Set a user-defined value using BUS : UART : THResho1d.

*RST: TTL

BUS:UART:THReshold <ThresholdValue>

Sets an individual threshold value for digitization of signals if BUS : UART : TECHnology
is set to USER.

Parameters:

<ThresholdValue>  Range: -400 to 400
Increment: 1E-3
*RST: 1.4

Default unit: V

BUS:SETReflevels
Sets the appropriate threshold or threshold for the selected serial protocol.

Usage: Event

BUS:UART:STDBitrate <Bitrate>

Sets the number of transmitted bits per second.
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Parameters:

<Bitrate> BPS 300 | BPS_600 | BPS_1200 | BPS_2400 | BPS_4800 |
BPS 9600 | BPS_14400 | BPS_19200 | BPS_28800 |
BPS 38400 | BPS_56000 | BPS 57600 | BPS_115200 |
BPS_128000 | BPS_230400 | BPS_460800 | BPS_921600 |
CUSTom

Values in bits per second.
CUSTom: Set the bit rate using BUS : UART: BITRate.

*RST: BPS_14400

BUS:UART:BITRate <CustomBitrate>

Sets a user-defined bit rate if BUS: UART : STDRitrate is setto CUSTom.

Parameters:

<CustomBitrate> Range: 300 to 20000000
Increment: 1
*RST: 14400

Default unit: bps

BUS:UART:SSIZe <DataBits>
Sets the number of data bits in a word (symbol).

Parameters:
<DataBits> B5|B6 | B7 | B8| B9

*RST: B8

BUS:UART:PARity <Parity>

Defines the optional parity bit that is used for error detection.

Parameters:
<Parity> NONE | ODD | EVEN
NONE
No parity bit is used.
ODD
The parity bit is set to "1" if the number of data bits set to "1" is
even.
EVEN
The parity bit is set to "1" if the number of data bits set to "1" is
odd.
*RST: NONE

BUS:UART:SBIT <StopBits>

Sets the number of stop bits: 1 or 1.5 or 2 stop bits are possible.
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Parameters:
<StopBits> B1|B15| B2

*RST: B1

BUS:UART:ORDer <BitOrder>

Defines if a word starts with MSB (most significant bit) or LSB (least significant bit).
The display of the decoded signal considers this setting, results are displayed in the
specified order.

Parameters:
<BitOrder> LSBF | MSBF

*RST: MSBF

BUS:UART:FRAMemode <FrameMode>

IDLE defines frames of several words in the data stream, which are defined by a time-
out between a stop bit and the next start bit. Enter the minimum timeout between two
frames using BUS : UART : TOUT.

Parameters:
<FrameMode> NONE | IDLE

*RST: NONE

BUS:UART:TOUT <IdleTime>

Sets the minimum timeout between two frames if BUS : UART : FRAMemode is set to
IDLE.

Parameters:
<|dleTime> Range: 100E-9 to 1

Increment: 1E-3

*RST: 1E-3

Default unit: s
UART Trigger
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TRIGger:UART:TYPE <TriggerType>
Selects the trigger type for UART analysis.
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Parameters:
<TriggerType> STBT | PCKS | DATA | PRER | STPerror | BRKC
STBT = start bit
PCKS = frame start
PRER = parity error
STPerror = stop error
BRKC = break condition
DATA:: data. To set up the trigger condition, use TRIGger:
UART :DATA, and TRIGger : UART : DCONdition.
For details, see "UART Trigger" on page 184.

*RST: STBT

TRIGger:UART:DATA <Pattern>

Defines the data pattern as trigger condition. Enter the words in MSB first bit order.

Parameters:

<Pattern> String with max. 8 bit in binary format. Characters 0, 1, and X
are allowed.

Example: TRIGger:UART:DATA '1x11'
TRIGger :UART:DATA?
1X11

TRIGger:UART:DCON(dition <Relation>

Defines how the specified data pattern is compared with the acquired signal. The
instrument triggers if the acquired data is equal or unequal to the pattern.

Parameters:
<Relation> EQUal | NEQual

*RST: EQuUal

14.11.4.3 UART Decode Results

The frame suffix <m> selects the frame index for which the result is queried.

The byte suffix <n> selects the byte index for which the result is queried.
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BUS:UART:WCOunt?

Returns the number of decoded symbols (words).
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Return values:

<Count> Total number of decoded words.
Range: 0 to 100000
Increment: 1
*RST: 0

Usage: Query only

BUS:UART:WORD<m>:STATe?
Returns the status of the specified symbol (word).

Suffix:
<m> *
Selects the word.

Return values:

<State> OK | BREak | STERror | SPERror | PRERror | INSufficient
OK: the frame is valid.
BREak: break condition found. A start bit is not followed by a
stop bit, and the data line remains at logic O for longer than a
UART word.
STERror: start error, no start bit found.
SPERror: stop error, no stop condition found.
PRERror: parity error, which indicates a transmission error.
INSufficient: the frame is not completely contained in the
acquisition. The acquired part of the frame is valid.

*RST: OK
Usage: Query only

BUS:UART:WORD<m>:STARt?
Returns the start time of the specified symbol (word).

Suffix:
<m> *
Selects the word.

Return values:

<StartTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:UART:WORD<m>:STOP?

Returns the end time of the specified symbol (word).
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Suffix:
<m> *
Selects the word.

Return values:

<StopTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:UART:WORD<m>:VALue?
Return the value of the specified symbol (word).

Suffix:
<m> *
Selects the word.

Return values:
<Value> Decimal value

Range: 0 to 255
Increment: 1
*RST: 0

Usage: Query only

CAN (Option R&S RTH-K3)
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BUS:CAN:DATA:SOURce <Channel>
Sets the input channel of the CAN line.
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Parameters:

<Channel> C1|C2|C3|C4|D0|D1|D2|D3|D4|D5|D6|D7
C3 and C4: only R&S RTH1004
Digital channels are available if option R&S RTH-B1 is installed.
*RST: C1

Usage: Asynchronous command

BUS:CAN:TYPE <SignalType>

Selects whether the chip select signal is high active (high = 1) or low active (low = 1).
Parameters:

<SignalType> CANH | CANL

CANH
Signal is high active (high = 1)

CANL
Signal is low active (low = 1)

*RST: CANL

BUS:CAN:BITRate <CustomBitrate>

Sets the number of transmitted bits per second.

Parameters:

<CustomBitrate> Range: 10000 to 1000000
Increment: 1
*RST: 50000

Default unit: bps
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BUS:CAN:TECHnology <ThresholdType>

Parameters:
<ThresholdType> TTL | ECL | CMOS | CAN | GND | LIN7vsupply | LIN12vsupply |
LIN18vsupply | USER

TTL
1.4V

ECL
-1.3V

CMOS

25V

GND

0V (for CAN channels, requires option R&S RTH-K3)

CAN
2V (for CAN channels, requires option R&S RTH-K3)

LIN7vsupply | LIN12vsupply | LIN18vsupply
7V 112V / 18V (for LIN channels, requires option R&S RTH-

K3)

USER

Set the value with CHANnel<m>:THReshold:USER.
*RST: CAN

BUS:CAN:DATA:THReshold <ThresholdValue>

Sets the threshold value for digitization of signals manually. If the signal value is higher
than the threshold, the signal state is high. Otherwise, the signal state is considered
low.

This value is only considered for BUS : CAN: TECHnology USER

Parameters:

<ThresholdValue>  Range: -400 to 400
Increment: 1E-3
*RST: 1.4

Default unit: V

BUS:SETReflevels
Sets the appropriate threshold or threshold for the selected serial protocol.

Usage: Event

BUS:CAN:SAMPIlepoint <SamplePoint>

The sample point divides the nominal bit period into two distinct time segments. The
length of the time segments is defined in time quanta according to network and node
conditions during CAN development.
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Parameters:

<SamplePoint> Range: 10 to 95
Increment: 1
*RST: 50

Default unit: %

CAN Trigger
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TRIGger:CAN:ACKerror <AckError>

An acknowledgement error occurs when the transmitter does not receive an acknowl-
edgment - a dominant bit during the Ack Slot.

Parameters:
<AckError> ON | OFF

*RST: ON

TRIGger:CAN:BITSterror <StuffBitError>

A stuff error occurs when the 6th consecutive equal bit level in the mentioned fields is
detected.

Parameters:
<StuffBitError> ON | OFF

*RST: ON

TRIGger:CAN:CRCerror <CrcError>

A CRC error occurs when the calculated result differs from the received value in the
CRC sequence.

Parameters:
<CrcError> ON | OFF

*RST: ON
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TRIGger:CAN:DATA <Pattern>

Specifies the data pattern to be found, in binary or hex format. Enter the pattern in
MSB first bit order.

Parameters:
<Pattern> String that contains the pattern in binary format. The parameter
accepts the bit value X (don't care).

TRIGger:CAN:DCON(dition <Relation>

Defines how the specified data pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Parameters:
<Relation> EQUal | NEQual

*RST: EQuUal

TRIGger:CAN:FORMerror <FormError>
A form error occurs when a fixed-form bit field contains one or more illegal bits.

Parameters:
<FormError> ON | OFF

*RST: ON

TRIGger:CAN:FTYPe <FrameType>
CAN has several frame types which can be used as trigger condition.

For data and remote frames, the identifier format has to be set with TRIGger:CAN:
ITYPe.
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Parameters:

<FrameType> ERRor | OVERIoad | DATA | REMote | DOR
ERRor
When a node recognizes an error, it cancels transmission by
sending an error frame.
The instrument triggers seven bit periods after the end of the
error flag that is marked by a dominant-recessive edge.
OVERIoad
When a node needs a delay between data and/or remote
frames, it sends an overload frame.
DATA
The data frame is the only frame for actual data transmission.
REMote
Remote frames are only available in the CAN protocol.
The remote frame initiates the transmission of data by another
node. The frame format is the same as of data frames but with-
out the data field.
DOR
Data frames or remote frames initiate the transmission of data
by another node. The frame format is the same as of data
frames.

*RST: DOR

TRIGger:CAN:ICONdition <Relation>

Defines how the specified identifier pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Parameters:
<Relation> EQUal | NEQual

*RST: EQUal

TRIGger:CAN:IDENtifier <Pattern>

Specifies the identifier pattern to be found, in binary format. Enter the pattern in MSB

first bit order.

Parameters:

<Pattern> String that contains the pattern in binary format. The parameter
accepts the bit value X (don't care).

Example: TRIG:CAN:TYPE ID

TRIG:CAN:IDEN 001001
TRIG:CAN:ICON EQU
Triggers if the ID of the measured signal is 001001.
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TRIGger:CAN:ITYPe <IdentifierType>

Selects the length of the identifier.

Parameters:
<ldentifierType>

B11|B29 | ANY

ANY

The ID type and ID pattern are not relevant for the trigger condi-
tion.

If the trigger type is "Identifier", the instrument triggers on any
identifier in the specified frame type.

If the trigger type is "Identifier + Data", set the "ID type" to "Any"
if you want to trigger only on data.

*RST: ANY

TRIGger:CAN:TYPE <TriggerType>

Depending on the selected CAN trigger type, different additional parameters are avail-

able.

Parameters:
<TriggerType>

STOF | EOF | FTYP | ID | IDDT | ERRC

STOF

Triggers on the stop bit of the sync field.

EOF

Triggers after a wakeup frame.

FTYP

Triggers on a specified frame type (data, remote, error, or over-
load). For data and remote frames, also the identifier format is
considered.

ID

Sets the trigger to a specific identifier or an identifier range. Only
the 6-bit identifier without parity bits is considered, not the pro-
tected identifier.

IDDT

Sets the trigger to a combination of identifier and data condition.
The instrument triggers at the end of the last byte of the speci-
fied data pattern.

ERRC

Identifies various errors in the frame. You can select one or
more error types as the trigger condition.

*RST: STOF

14.11.5.3 CAN Decode Results

The frame suffix <m> selects the frame index for which the result is queried.

The byte suffix <n> selects the byte index for which the result is queried.
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Returns the number of decoded frames in the acquisition.

Return values:

<Count> Range: 0 to 100000
Increment: 1
*RST: 0

Usage: Query only

BUS:CAN:FRAMe<m>:ACKValue?
Returns the value of the acknowledge slot for the selected frame.

Suffix:
<m> *

Return values:

<AckValue> Range: 0 to 1
*RST: 0
Usage: Query only

BUS:CAN:FRAMe<m>:BSEPosition?
Returns the location of a bit stuffing error.

Suffix:
<m> *
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Return values:

<BitStuffErrorPos>  Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:CAN:FRAMe<m>:BYTE<n>:STATe?

Returns the state of the specified byte.

Suffix:
<m> *
<n> *

Return values:

<ByteState> OK | UNDF
UNDF: Undefined
*RST: OK

Usage: Query only

BUS:CAN:FRAMe<m>:BYTE<n>:VALue?

Returns the value of the specified byte.

Suffix:
<m> *
<n> *

Return values:

<ByteValue> Range: 0 to 255
*RST: 0
Usage: Query only

BUS:CAN:FRAMe<m>:CSValue?
Returns the CRC sequence value of the selected frame.

Suffix:
<m> *

Return values:
<ChecksumValue> Range: 0 to 2097151
*RST: 0

Usage: Query only
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BUS:CAN:FRAMe<m>:DATA?
Returns the data of the specified frame.

Suffix:
<m> *

Return values:
<Data> Comma-separated list of integer values. The first value is the
number of bytes, followed by the values of the data bytes.

Example: BUS1:CAN:FRAMe2:DATA?
--> 3,208,231,32
Returns the data of the second frame: the number of bytes is 3
data (first value).

Usage: Query only

BUS:CAN:FRAMe<m>:DLCValue?

Returns the data length code of the selected frame - the number of data bytes in the
frame.

Suffix:
<m> *

Return values:

<DatalLengthCode> Number of data bytes in decimal values.
Range: 0 to 15
*RST: 0

Usage: Query only

BUS:CAN:FRAMe<m>:ACKState?
BUS:CAN:FRAMe<m>:CSSTate?
BUS:CAN:FRAMe<m>:DLCState?
BUS:CAN:FRAMe<m>:IDSTate?

Return the states of following parts of a message
® ACKState: state of acknowledgement field

® (CSSTate: state of checksum field (CRC)

e DLCState: state of data length code

® |DSTate: identifier state

Suffix:
<m> *

Return values:
<State> OK | UNDF
UNDF: Undefined

*RST: OK
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Usage: Query only

BUS:CAN:FRAMe<m>:IDTYpe?

Returns the identifier type of the selected frame, the identifier format of data and
remote frames.

Suffix:
<m> *

Return values:
<l|dentifierType> ANY | B11 | B29

B11: standard format, 11 bit
B29: extended format, 29 bit

*RST: B11
Usage: Query only

BUS:CAN:FRAMe<m>:IDValue?
Returns the identifier value of the selected frame.

Suffix:
<m> *

Return values:
<ldentifierValue> Range: 0 to 536870911
*RST: 0

Usage: Query only

BUS:CAN:FRAMe<m>:SDATa?
Returns the complete symbolic data of the selected frame.

Suffix:
<m> *

Return values:

<SymbolicData> String with comma-separated list of symbolic data
Example: BUS:CAN:FRAMe9:SDATa?
<-- [sym] 325 kW, Ox0A, 423 N, 174 1, Running, 90 degC, 0x06, 437 rpm

Returns the symbolic results of the 9th frame.

Usage: Query only

BUS:CAN:FRAMe<m>:STARt?
BUS:CAN:FRAMe<m>:STOP?

Returns the start time and stop time of the selected frame.
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Suffix:
<m> *

Return values:

<FrameStart> Time
<FrameStop> Range:  -100E+24 to 100E+24
*RST: 0

Default unit: s

Usage: Query only

BUS:CAN:FRAMe<m>:STATus?
Returns the overall state of the selected frame.

Suffix:
<m> *

Return values:

<FrameState> OK | OVLD | ERR | BTST | FORM | CRC | NOACKk | CAERror |
FCERror | INSufficient
OK: the frame is valid.
FORM: Fixed-bit form error
BTST: Bit stuffing error occured.
CRC: Cyclic redundancy check failed.
NOACK: Acknowlegde is missing.
CAERror: CRC error followed by an acknowledgement error
(missing acknowledge)
FCERor: CRC error followed by a form error (wrong CRC delim-
iter or wrong ACK delimiter)
INSufficient: The frame is not completely contained in the acqui-
sition. The acquired part of the frame is valid.

*RST: OK
Usage: Query only

BUS:CAN:FRAMe<m>:SYMBol?
Returns the symbolic label of the specified frame if the label list is enabled.

Suffix:
<m> *

Return values:
<Label> String with symbolic label of the identifier

Usage: Query only

BUS:CAN:FRAMe<m>:TYPE?

Returns the frame type of the selected frame.
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Suffix:

<m> *

Parameters:

<FrameType> ERRor | OVERIoad | DATA | REMote | DOR
ERRor
When a node recognizes an error, it cancels transmission by
sending an error frame.
The instrument triggers seven bit periods after the end of the
error flag that is marked by a dominant-recessive edge.
OVERIoad
When a node needs a delay between data and/or remote
frames, it sends an overload frame.
DATA
The data frame is the only frame for actual data transmission.
REMote
Remote frames are only available in the CAN protocol.
The remote frame initiates the transmission of data by another
node. The frame format is the same as of data frames but with-
out the data field.
DOR
Data frames or remote frames initiate the transmission of data
by another node. The frame format is the same as of data
frames.
*RST: DOR

Usage: Query only

14.11.6 LIN (Option R&S RTH-K3)
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14.11.6.1 LIN Configuration Settings
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BUS:LIN:DATA:SOURce <Channel>

Sets the source of the data line. All channel waveforms can be used.
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Parameters:

<Channel> C1|C2|C3|C4|D0|D1|D2|D3|D4|D5|D6|D7
C3 and C4: only R&S RTH1004
Digital channels are available if option R&S RTH-B1 is installed.
*RST: C1

Usage: Asynchronous command

BUS:LIN:POLarity <Polarity>

Defines the idle state of the bus. The idle state is the recessive state and corresponds

to a logical 1.

Parameters:

<Polarity> IDLLow | IDLHigh
IDLLow
The bus is idle (state = 1) when the signal is low
IDLHigh
The bus is idle (state = 1) when the signal is high
*RST: IDLHigh

BUS:LIN:BITRate <CustomBitrate>

Sets the number of transmitted bits per second.

Parameters:

<CustomBitrate> Range: 1000 to 20000
Increment: 1
*RST: 9600

Default unit: bps

BUS:LIN:STANdard <Standard>

Selects the version of the LIN standard that is used in the DUT. The setting mainly
defines the checksum version used during decoding.

Parameters:
<Standard> V1X | V2X|J2602 | AUTO

*RST: AUTO

BUS:LIN:DATA:THReshold <ThresholdValue>

Sets the threshold value for digitization of signals manually. If the signal value is higher
than the threshold, the signal state is high. Otherwise, the signal state is considered
low.

This value is only considered for BUS : LIN: TECHnology USER
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Parameters:

<ThresholdValue>  Range: -400 to 400
Increment: 1E-3
*RST: 1.4
Default unit: V

BUS:LIN:TECHnology <ThresholdType>

Sets the threshold value for digitization of signals according to the specified technol-
ogy. If the signal value is higher than the threshold, the signal state is high. Otherwise,
the signal state is considered low.

To set a user-defined threshold, select USER and define the value using BUS: LIN :
DATA:THReshold on page 412.

Parameters:
<ThresholdType> TTL | ECL | CMOS | CAN | GND | LIN7vsupply | LIN12vsupply |
LIN18vsupply | USER

CMOS
25V

LIN7vsupply | LIN12vsupply | LIN18vsupply
7V/12V/18V

USER
Set the value with BUS: LIN: DATA : THReshold.
*RST: TTL

BUS:SETReflevels
Sets the appropriate threshold or threshold for the selected serial protocol.

Usage: Event

LIN Trigger
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TRIGger:LIN:CHKSerror <ChecksumError>

Triggers on a checksum error if TRIGger : LIN: TYPE is set to ERRC



Protocol Analysis

Parameters:
<ChecksumError>  ON | OFF

*RST: ON

TRIGger:LIN:DATA <Pattern>

Defines the data pattern as trigger condition. Enter the words in MSB first bit order.

Parameters:

<Pattern> String with max. 4 bytes in binary format. Characters 0, 1, and X
are allowed. If you define a pattern with incomplete byte, the
missing LSB are filled with X.

Example: TRIG:LIN:TYPE IDDT

TRIG:LIN:IDEN 001001

TRIG:LIN:ICON EQU

TRIG:LIN:DCON EQU

TRIG:LIN:DATA '11111111000000001111"
TRIG:LIN:DATA?

<-- 11111111000000001111XXXX

Triggers when the id '001001" and the data
11111111000000001111" is detected in the measured signal

TRIGger:LIN:DCONdition <Relation>
Defines how the specified data pattern is compared with the acquired signal.

Parameters:
<Relation> EQUal | NEQual

*RST: EQUal

TRIGger:LIN:ICONdition <Relation>

Defines how the specified identifier pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Parameters:
<Relation> EQUal | NEQual

*RST: EQuUal

TRIGger:LIN:IDENtifier <Pattern>

Specifies the identifier pattern to be found, in binary format. Enter the pattern in MSB
first bit order.

Parameters:

<Pattern> String with max. 7 characters. Characters 0, 1, and X are
allowed. If you define a pattern shorter than the pattern length,
the missing LSB are filled with X.
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Example: TRIG:LIN:TYPE ID
TRIG:LIN:IDEN 001001
TRIG:LIN:ICON EQU
Triggers if the ID of the measured signal is 001001.

TRIGger:LIN:IPERror <ParityError>
Triggers on a parity error if TRIGger: LIN: TYPE is set to ERRC

Parameters:
<ParityError> ON | OFF

*RST: ON

TRIGger:LIN:SYERror <SyncError>
Triggers on a synchronization error if TRIGger : LIN: TYPE is set to ERRC

Parameters:
<SyncError> ON | OFF

*RST: ON

TRIGger:LIN:TYPE <TriggerType>

Parameters:

<TriggerType> SYNC | WKFR | ERRC | ID | IDDT
SYNC
Triggers on the stop bit of the sync field.
WKFR
Triggers after a wakeup frame.
ERRC

Identifies various errors in the frame. You can select one or
more error types as the trigger condition.

ID
Sets the trigger to a specific identifier or an identifier range.

IDDT

Sets the trigger to a combination of identifier and data condition.
The instrument triggers at the end of the last byte of the speci-
fied data pattern.

*RST: SYNC

14.11.6.3 LIN Decode Results

The frame suffix <m> selects the frame index for which the result is queried.

The byte suffix <n> selects the byte index for which the result is queried.
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Returns the number of decoded frames in the acquisition.

Return values:

<Count> Range: 0 to 100000
Increment: 1
*RST: 0

Usage: Query only

BUS:LIN:FRAMe<m>:BYTE<n>:STATe?

Returns the state of the specified byte.

Suffix:
<m> *
<n> *

Return values:
<ByteState> OK | STERror | SPERror | UVAL | NOEXists | INSufficient

STERror: start error

SPERror: stop error

UVAL: unexpected value

NOEXists: byte does not exist

INSufficient: the frame is not completely contained in the acqui-
sition. The decoded part of the frame is valid.

*RST: OK
Usage: Query only

BUS:LIN:FRAMe<m>:BYTE<n>:VALue?

Returns the value of the specified byte.
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Suffix:
<m> *
<n> *

Return values:

<ByteValue> Range: 0 to 255
*RST: 0
Usage: Query only

BUS:LIN:FRAMe<m>:CSSTate?
Returns the checksum state of the specified frame.

Suffix:
<m> *

Return values:
<ChecksumState> OK | STERror | SPERror | UVAL | NOEXists | INSufficient

STERror: start error

SPERror: stop error

UVAL.: unexpected value

NOEXists: byte does not exist

INSufficient: the frame is not completely contained in the acqui-
sition. The decoded part of the frame is valid.

*RST: OK
Usage: Query only

BUS:LIN:FRAMe<m>:CSValue?
Returns the checksum value of the specified frame.

Suffix:
<m> *

Return values:
<ChecksumValue> Range: 0 to 255
*RST: 0

Usage: Query only

BUS:LIN:FRAMe<m>:DATA?
Returns the data bytes of the specified frame.

Suffix:
<m> *
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Return values:

<Data> Comma-separated list of integer values (N, D1, D2,..., DN). N is
the number of bytes in the frame, and D1...DN are the values of
the bytes.

Example: BUS:LIN:FRAMe4 :DATA?

<--4,118,39,71,123

Usage: Query only

BUS:LIN:FRAMe<m>:IDPValue?
Returns the value of the identifier parity bits of the selected frame.

Suffix:
<m> *

Return values:
<ldentifierParity> Range: 0to3
*RST: 0

Usage: Query only

BUS:LIN:FRAMe<m>:IDSTate?
Returns the identifier state of the selected frame.

Suffix:
<m> *

Return values:
<ldentifierState> OK | STERror | SPERror | PRERror | UVAL | NOEXists |
INSufficient
STERror: start error
SPERror: stop error
PRERror: parity error
UVAL: unexpected value
NOEX:ists: byte does not exist
INSufficient: the frame is not completely contained in the acqui-
sition. The decoded part of the frame is valid.

*RST: OK
Usage: Query only

BUS:LIN:FRAMe<m>:IDValue?
Returns the identifier value of the selected frame.

Suffix:
<m> *
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Return values:
<ldentifierValue> Range: 0 to 63
*RST: 0

Usage: Query only

BUS:LIN:FRAMe<m>:STARt?
BUS:LIN:FRAMe<m>:STOP?

Returns the start time and stop time of the selected frame, respectively.

Suffix:
<m> *

Return values:

<FrameStart> Range: -100E+24 to 100E+24
<FrameStop> Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:LIN:FRAMe<m>:STATus?
Returns the overall state of the selected frame.

Suffix:
<m> *

Return values:
<FrameState> OK | WAKeup | SYERror | PRERror | CHCKsum | CPERror |
INSufficient
CHCKsum: checksum error
PRERror: parity error in identifier
SYERror: synchronization error
WAKeup: the frame is a wakeup frame
CPERror: parity error and checksum error
INSufficient: the frame is not completely contained in the acqui-
sition. The decoded part of the frame is valid.

*RST: OK
Usage: Query only

BUS:LIN:FRAMe<m>:SYMBol?
Returns the symbolic label of the specified frame if the label list is enabled.

Suffix:
<m> *

Return values:
<Label> String with symbolic name of the identifier
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Example: BUS:LIN:FRAMe2:SYMBo1?
Response: Temperature

Usage: Query only

BUS:LIN:FRAMe<m>:SYSTate?
Returns the synchronization state of the frame.

Suffix:
<m> *

Return values:
<FrameSyncState> OK | STERror | SPERror | PRERror | UVAL | NOEXists |
INSufficient

OK

The frame is valid.

SPERror

Stop error, no stop condition found
STERror

Start error, no start condition found
PRERror

Parity error, which indicates a transmission error
UVAL

Unexpected value

NOEXists

Byte does not exist

INSufficient
The frame is not completely contained in the acquisition. The
acquired part of the frame is valid.

*RST: OK
Usage: Query only

14.12 Logic Analyzer (R&S RTH-B1 MSO)
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LOGic:STATe <State>
Enables or disables the logic channels.

Parameters:
<State> ON | OFF

*RST: OFF

LOGic:THCoupling <ThresCoup>
Couples the threshold and hysteresis settings for the logic channels.
If enabled, all logic channels use the same threshold and hysteresis settings.

If disabled, 2 channel groups are available, which can use different threshold and hys-
teresis settings: DO - D3, and D4 - D7.

Parameters:
<ThresCoup> ON | OFF

*RST: ON

LOGic:GROup<m>:TECHnology <ThresholdType>
Sets the threshold value for the selected channel group, or for all logic channels.

Suffix:
<m> 1..3
1 = all logic channels DO to D7
2 =group DO to D3
3= group D4 to D7
The suffix only takes effect if LOGic: THCoupling is OFF.
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Parameters:
<ThresholdType> TTL | ECL | CMOS | CAN | GND | LIN7vsupply | LIN12vsupply |
LIN18vsupply | USER

TTL
1.4V

ECL
-1.3V

CMOS
25V

GND
0V (for CAN channels, requires option R&S RTH-K3)

CAN
2V (for CAN channels, requires option R&S RTH-K3)

LIN7vsupply | LIN12vsupply | LIN18vsupply
7V 112V /18YV (for LIN channels, requires option R&S RTH-
K3)

12 V Supply
12 V (for LIN channels, requires option R&S RTH-K3)

18 V Supply
18 V (for LIN channels, requires option R&S RTH-K3)

USER
Set the value with 1.OG1ic : GROup<m>:USER.

*RST: TTL

LOGic:GROup<m>:USER <ThresholdValue>

Sets the threshold value if .0Gic : GROup<m>:TECHnology is set to USER.

Suffix:
<m> 1.3
1 = all logic channels DO to D7
2 = group DO to D3
3= group D4 to D7
The suffix only takes effect if LOGic:THCoupling is OFF.
Parameters:
<ThresholdValue>  Range: -400 to 400
Increment: 1E-3
*RST: 14

Default unit: V

LOGic:GROup<m>:THReshold?

Returns the current threshold value.
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Suffix:

<m> 1.3
1 = all logic channels DO to D7
2 = group DO to D3
3= group D4 to D7

Return values:

<Level> Range: -10 to 10
Increment: 1E-3
*RST: 0

Default unit: V

Usage: Query only

LOGic:GROup<m>:HYSTeresis <Hysteresis>

Hysteresis avoids the change of signal states due to noise oscillation around the
threshold level. Set a small hysteresis for clean signals, and large hysteresis for noisy

signals.
Suffix:
<m> 1..3
1 = all logic channels DO to D7
2 = group DO to D3
3= group D4 to D7
The suffix only takes effect if LOGic:THCoupling is OFF.
Parameters:
<Hysteresis> SMALI | MEDium | LARGe

*RST: MEDium

LOGic:CHANnel<m>:DESKew <Value>

Sets the deskew for all channels of a logic probe at once, or for each logic channel

separately.
Suffix:
<m> 1.9
1..8: logic channels 0 to 7
9: all logic channels
Parameters:
<Value> Range: -100E-9 to 100E-9
Increment: 800E-12
*RST: 0

Default unit: s
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Example: LOGic:CHANnel9:DESKew 0.00000001
LOGic:CHANnel8:DESKew 0.00000002
LOGic:CHANnell :DESKew?

<-- le-08
LOGic:CHANnel8:DESKew?
<-- 2e-08

POD:STATe?
Returns the connection state of the logic probe.

Return values:
<PODConnected> ON | OFF

*RST: OFF
Usage: Query only

14.13 Documenting Results

14.13.1 Export of Waveform Data to File
The commands described in this chapter write the sample data of active waveforms to
one or more CSV files.

The resulting files are described in Chapter 11.4.3, "Waveform Export Files",
on page 227.

To export the results of a harmonics measurement, see Chapter 14.6.3.2, "Retrieving
and Exporting Harmonic Results", on page 323.

Example: Saving a single waveform with time values

The example program saves the data of channel 1 to a file on the SD card. Voltage
and time values are saved. Then the data is read and deleted.

:EXPort:WAVeform:NAME '/media/SD/Waveform.csv'
:EXPort:WAVeform: SOURce Cl1

:EXPort:WAVeform: INCXvalues 1 // include time values
:EXPort:WAVeform:DLOGging 0O // without history
:EXPort:WAVeform:SAVE ; *OPC

:MMEMory:DATA? '/media/SD/Waveform.csv'

:MMEMory:DELete '/media/SD/Waveform.csv';*OPC
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Example: Saving all active waveforms with time values

The example program saves the voltage and time values of all active analog, digital
and math waveforms. Then the data is read and deleted.

:EXPort:WAVeform:NAME '/media/SD/Multiwfm.csv'

:EXPort:WAVeform:MULTichannel 1

:EXPort:WAVeform:INCXvalues 1 // include time values
:EXPort:WAVeform:DLOGging 0O // without history
:EXPort:WAVeform:SAVE ; *OPC

:MMEMory:DATA? '/media/SD/Multiwfm.csv'

:MMEMory:DELete '/media/SD/Multiwfm.csv';*OPC

Example: Saving history data of channel 1, without time values

The example program saves the history data of selected segments to a file on the SD
card. Then the data is read and deleted.

:EXPort:WAVeform:NAME '/media/SD/WaveformHistory.zip'
:EXPort:WAVeform:SOURce C1

:EXPort:WAVeform: INCXvalues 0 // no time values
:EXPort:WAVeform:DLOGging 1 // include history
:CHANnell:HISTory:STARt -77 // select segment range (optional)

:CHANnell:HISTory:STOP -5

:EXPort:WAVeform:SAVE ;*OPC

:MMEMory:DATA? '/media/SD/WaveformHistory.zip'
:MMEMory:DELete '/media/SD/WaveformHistory.zip';*OPC
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EXPort:WAVeform:NAME <Name>

Sets the file name, file format and path to save the waveform to.

Parameters:
<Name> String with path and file name with extension .csv or .zip.
Example: EXPort:WAVeform:NAME

'/media/SD/Export/Export Ch2.csv'
EXPort:WAVeform: SAVE

Saves the waveform data to Export/Export Ch2.csv on the
SD card.

EXPort:WAVeform:SOURce <Source>

Selects the waveform to be exported if EXPort :WAVeform:MULTichannel is OFF.
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Parameters:
<Source> C1|C2|C3|C4|M1|DO|D1|D2|D3|D4|D5|D6|D7

DO |D1|D2|D3|D4|D5|D6 | D7: All active logic channels
are saved, not matter which Dx is specified in the command.

*RST: C1

EXPort:WAVeform:MULTichannel <MultiChExport>
If ON, all active waveforms (analog, digital and math) are exported.
If OFF, select the waveform for export with ExPort :WAVe form: SOURce.

Parameters:

<MultiChExport> ON | OFF
ON=1,and OFF =0
*RST: ON

Example: See Example "Saving all active waveforms with time values"
on page 425.

EXPort:WAVeform:INCXvalues <IncHorValues>
Includes horizontal values in the export data (time values).

Parameters:

<IncHorValues> ON | OFF
ON=1,and OFF =0
*RST: OFF

Example: See Example "Saving a single waveform with time values"
on page 424.

EXPort:WAVeform:DLOGging <Datal.ogging>

The command requires option R&S RTH-K15. History must be enabled before using
the command (CHAN:HIST:STAT ON).

The command includes the history data in the export files. If acquisition is running, the
command stops the acquisition.

History data is always saved in a zip file (compressed csv), see also Chapter 3.7 .4,
"Exporting History Data", on page 96.

You can select a range of history segments with CHANnel<m>:HISTory:STARt and
CHANnel<m>:HISTory:STOP.

Parameters:

<DatalLogging> ON | OFF
ON=1,and OFF =0
*RST: OFF
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Example: See Example "Saving history data of channel 1, without time val-
ues" on page 425.

EXPort:WAVeform:SAVE

Saves the waveform(s) to the file specified with ExPort :WAVe form: NAME.

Example: See Example "Saving a single waveform with time values"
on page 424.
Usage: Event

14.13.2 Transfer of Waveform Data

Data conversion of integer values if FORMat:DATA INT,16 is used

To convert INT16 data to physical quantities, e.g. voltages, use the following formulas:
PhysicalQuantity = ( Value_ADC * ConversionFactor ) + VerticalOffset
ConversionFactor = VerticalScale * VerticalDivisionCount / NofQuantisationLevels

VerticalOffset,;= VerticalOffset — VerticalPosition * VerticalScale

Table 14-1: Data conversion example

VerticalScale 0.05 V/div
VerticalOffset 0.1V
VerticalPosition 1 div

NofQuantisationLevels 255 * 256

VerticalDivisionCount 8

Value_ADC -61

ConversionFactor 0.05 * 8 /(255 * 256) = 0.000006127451 V
VerticalOffsetes 0.1-1*0.05=0.05V

Voltage (-61 * 0.000006127451 V) + 0.05 V = -0.32 mV

The values are read with CHANnel<m>:DATA[ :VALues] 2.

To get the vertical scale, position and offset, you can use the appropriate commands:
® CHANnel<m>:SCALe on page 253

® CHANnel<m>:POSition on page 253
® CHANnel<m>:0FFSet on page 254

You can finde these values also in the data export file, see Chapter 14.13.1, "Export of
Waveform Data to File", on page 424.
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FORMat[:DATA] <Format>

Sets the data type that is used for transmission of waveform data from the instrument
to the controlling computer.

Waveform data can be retrieved using the following command: CHANnel<m>:DATA[ :
VALues] ? on page 429

Parameters:

<Format> ASCii | INT,16
ASCii
Data values are returned in ASCII format as a list of comma sep-
arated values in floating point format. The length can be omitted.
It is 0 which means that the instrument selects the number of
digits to be returned. The query returns both values (Asc, 0).
INT,16
Signed integer data with length 16 bit. It defines that
CHANnel<m>:DATA[ : VALues] ? returns the raw sample data
of the ADC as integers. If format of the waveform data differs
from the defined export format, the instrument converts the data
to the required format.
The schema of the result string is as follows:
#41024<valuel><value2>.<value n> with:
#4 = number of digits (= 4 in the example) of the following num-
ber
1024 = number of following data bytes (= 1024 in the example)
<value> = 4-byte floating point values
You can also set the byte order using the FORMat : BORDer
command.
Data conversion is described in "Data conversion of integer val-
ues if FORMat:DATA INT,16 is used" on page 427.
*RST: ASCii

Example: FORMat :DATA INT,16
FORMat :DATA?
<-- INT, 16

Usage: SCPI confirmed

FORMat:BORDer <ByteOrder>
Sets the endianess if FORMat [ : DATA] is setto INT, 16.

Parameters:
<ByteOrder> MSBFirst | LSBFirst

LSBFirst: little endian, least significant byte first
MSBFirst: big endian, most significant byte first

*RST: LSBFirst
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CHANnel<m>:DATA:HEADer?

Returns the header of channel waveform data.
Table 14-2: Header data

Position Meaning Example
1 XStartin s -5e-07 =-5ns
2 XStopins 5e-07 =5ns
3 Record length of the waveform, number of samples | 2500
4 Number of values per sample interval. For most 2

waveforms the result is 1, for peak detect and enve-

lope waveforms it is 2. If the number is 2, the num-

ber of returned values is twice the record length.

Suffix:

<m> 112 (RTH1002) , 1..4 (RTH1004)

Example: CHAN1 :DATA:HEAD?
-5e-07,5e-07,2500,2
CHANnell:DATA? returns 5000 values.

Usage: Query only

SCPI confirmed

CHANnel<m>:DATA[:VALues]?

Returns the data of the channel waveform points for transmission from the instrument
to the controlling computer. The data can be used in MATLAB, for example.

To set the data format, use FORMat [ : DATA] on page 428

Suffix:
<m> 112 (RTH1002) , 1..4 (RTH1004)
Return values:
<Data> List of values according to the format
Example: FORM ASC

CHAN2 : DATA?

<__

-0.125000,-0.123016,-0.123016,-0.123016,
-0.123016,-0.123016, ...

Usage: Query only

14.13.3 Screenshots

The example program creates a screenshot and saves it to a file on the SD card. Then
the screenshot data is read and deleted.
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:HCOPy:LANGuage PNG

:MMEMory:NAME '/media/SD/Screenshot.png'
:HCOPy:IMMediate; *OPC

:MMEMory:DATA? '/media/SD/Screenshot.png'
:MMEMory:DELete '/media/SD/Screenshot.png';*OPC
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HCOPy:LANGuage <FileFormat>
Defines the format of the screenshot file.

Parameters:
<FileFormat> PNG | JPG | BMP | TIFF

*RST: PNG

HCOPy:COLor <BlackWhite>
Creates a black and white screenshot.

Parameters:
<BlackWhite> ON | OFF

*RST: OFF

HCOPy:INVerse <InverseColor>
Inverts the colors of the output, i.e. a dark waveform is printed on a white background.

Parameters:
<InverseColor> ON | OFF

*RST: OFF

MMEMory:NAME <Filename>
Defines the filename of the next screenshot.

Parameters:
<Filename> String with the filename

HCOPy:IMMediate

Saves the current display in a new screenshot.

Usage: Event
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14.13.4 Instrument Settings, MMEM Commands

The Mass MEMory subsystem provides commands to access the storage media and to
save and reload instrument settings.

File and directory names

The <file_name> and <directory_name> parameters are strings. If no complete path is
specified, the file location is relative to the current directory, queried with
MMEMory:CDIRectory?. The file name itself may contain the period as a separator
for extensions.

File and directory names can be chosen according to Windows™ conventions. All let-
ters and numbers are allowed, as well as the special characters "_", "A", "§", "~", "I",

Il#ll, ll%ll, ll&ll’ Il_ll, ll{ll, ll}ll’ Il(ll, Il)ll’ ll@ll and Il‘ll- Reserved ﬁle names are CON, AUX,
COM1, ..., COM4, LPT1, ..., LPT3, NUL and PRN.

LAY 1Y o A Y S 431
LAY 1Y o Y - 431
MIMEMOTY:DATA . ..ottt eeee e e e e e e e e e eeeeeeeeeeeeeeeeeeaeta b e e b b aaaesesesaaaaaaaseseseeeeesrsssssrasasnnnnan 432
MMEMOTY:CDIRECIOMY . ...cieieieeeeieeeeee et eeeeeeeeeeere bbb e aeseseseeeeeaeaaaaesesereeeeeressrsrsarasannnnnns 432
Y Y T TV V] =Yl e Y 432
MMEMOTY:RDIRECIOIY ...ttt et ettt e ettt ettt e e e e e e e e e e e e e e e e e eeeeeeeeeaneeesnensnnaaas 433
Y T A B O AN = oo U PUOR U 433
MMEMory:DCATalOg:LENGLEN?...... et e e e e ee 434
MM EMOIY:CATAIOG?. . eieeeeeeeeeeeeeee et ettt eeeeee et e aeeeseeeeeeeaaaaaaeseseeeeeeesessrsssarasannnnnnnns 434
MMEMOrY:CATAIOGILENGIN?.....cevieieriritiiticieeeieie s e e e e e e e eeeeeeeeeeeeeeeesrssab b e e esesesaeaens 435
MMEMOTY:COPY ...ttt s e s e s e e e e e e aaaaeeeee e e teeeeaeestntnsn s e anaeeaeeaaaaaaaaeeenenes 435
MMEMOTY:MOVE........ciiieeeeeeeteieiet i cereee e e e s e e e e eaaaa e et e e e eeeeaeeeea s e s ta b n e aaseeeeeaaaaaaaaesenenenns 435
MMEMOTY:DELEL. ... eeeeee ettt e e e e e e e e e e e e et e e et ee et e bn e b e e e e e e e e as 436

MMEMory:SAV <FileDestination>
Stores the current instrument settings to the specified file.

Parameters:
<FileDestination> String parameter specifying path and filename of the target file.
Wildcards are not allowed.

Example: MMEM : SAV
"/media/SD/Rohde-Schwarz/RTH/SaveSets/SetupMeasA.dfl"
Saves the current instrument settings to the file
SetupMeasA.dfl located in the directory /media/SD/
Rohde-Schwarz/RTH/SaveSets/ on the microSD card.

Usage: Event

MMEMory:RCL <FileDestination>

Restores the instrument settings from the specified file.
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Parameters:
<FileDestination> String parameter specifying path and filename of the settings
file. Wildcards are not allowed.

Example: MMEM: RCL
"/media/SD/Rohde-Schwarz/RTH/SaveSets/SetupMeasA.dfl"
Loads and activates the instrument settings from the file
SetupMeasA.df1 located in the directory /media/SD/
Rohde-Schwarz/RTH/SaveSets/ on the microSD card.

Usage: Event

MMEMory:DATA <FileName>,<Data>

Writes data to the specified file in the current directory MMEMory : CDIRectory, or
reads the data.

Parameters:
<Data> 488.2 block data

The block begins with character '#'. The next digit is the length of
the length information. Then the length information digits provide
the number of bytes in the binary data.

Parameters for setting and query:
<FileName> String parameter containing the file name

Example: MMEM:DATA "abc.txt", #216This is the file
#2: the length infomation has two digits
16: the binary data has 16 bytes.
MMEM:DATA? "abc.txt"
received: This is the file

MMEMory:CDIRectory <DirectoryName>
Specifies the current directory for file access.

Setting parameters:
<DirectoryName> String parameter to specify the directory.

Example: MMEM:CDIR "/media/USB1/Data"; *OPC

MMEMory:MDIRectory <DirectoryName>
Creates a new directory with the specified name.

Setting parameters:
<DirectoryName> String parameter
Absolute path, or path relative to the current directory.

Example: Create directory Data on the USB flash device using absolute

path:
MMEM:MDIR "/media/USB1l/Data"
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Usage: Setting only

MMEMory:RDIRectory <DirectoryName>
Deletes the specified directory.

Note: All subdirectories and all files in the specified directory and in the subdirectories
are deleted!

You cannot delete the current directory or a superior directory. In this case, the instru-
ment returns an execution error.

Setting parameters:
<DirectoryName> String parameter, absolute path or relative to the current direc-

tory
Example: MMEM:RDIR "/media/USBl/Screenshots"
Deletes the directory Screenshots on the USB flash drive.

Usage: Setting only

MMEMory:DCATalog? <DirectoryName>

Returns the subdirectories of the specified directory. The result corresponds to the
number of strings returned by the MMEMory: DCATalog: LENgth? command.

Query parameters:

<DirectoryName> String parameter
Specifies the directory.

Return values:

<FileEntry> String parameter

List of subdirectory strings separated by commas. The current
and the parent directories are also returned ("., ,0","..,,

O n)_
Example: Query for directories using absolute path:
MMEM:DCAT? "/media/USB1/*"
received ".,,0","..,,0","Export,,0","SaveSets,, 0", "SCREENSHOTS, ,0"

MMEM: DCAT: LENG? "/media/USB1/*"

received 5

Example: Query for directories in the current directory:
MMEM:CDIR "/media/USB1/"
MMEM:DCAT? "*"
received ".,,0","..,,0","JANUARY,, 0", "FEBRUARY, , 0"
MMEM:DCAT : LENG? "*"

received 4
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Usage:
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Query for directories starting with S using filter:
MMEM:DCAT? "/media/USB1/S*"

received "SaveSets,,0","Slots,,0"
MMEM: DCAT : LENG? "/media/USB1/S*"

received 2

Query only

MMEMory:DCATalog:LENGth? <DirectoryName>

Returns the number of directories in specified directory. The result corresponds to the
number of strings returned by the MMEMory : DCATalog? command.

Query parameters:
<DirectoryName>

Return values:
<FileEntryCount>

Example:

Usage:

String parameter
Specifies the directory.

Number of directories.

MMEMory:DCATalog: LENGth
"/media/SD/Rohde-Schwarz/RTH"
recieved: 12

Query only

MMEMory:CATalog? <DirectoryName>[,<Format>]

Returns the a list of files contained in the specified directory. The result corresponds to
the number of files returned by the MMEMory: CATalog: LENgth? command.

The list of return values has the following order:
<UsedMemory>,<FreeMemory>,<FileEntryl>,<FileEntry2>, ...

Query parameters:
<DirectoryName>

<Format>

Return values:
<UsedMemory>

<FreeMemory>

<FileEntry>

String parameter

Specifies the directory. A filter can be used to list, for example,
only files of a given file type.

ALL | WTIMe

ALL: Extended result including file, date, time and attributes
WTIMe: Result including file, date, time

Total amount of storage currently used in the directory, in bytes.
Total amount of storage available in the directory, in bytes.

String parameter

All files of the directory are listed with their file name, format and
size in bytes.
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Example: Query for files in the SaveSets directory on the USB flash drive
using absolute path:
MMEM:CAT? "/media/USBl/SaveSets/*.*"
received: 511104,8633856,"Settings Mon.xml,,8",
"Settings Tue.xml,, 8"

Example: Query for files that start with Settings in a user-defined direc-
tory on the USB flash drive:
MMEM:CAT? "/media/USB1/Misc/Settings*.*"
received: 511104,8633856,"Settings 160321.xml,,
8","Settings 160322.xml,, 8"

Usage: Query only

MMEMory:CATalog:LENGth? <DirectoryName>

Returns the number of files in the specified directory. The result corresponds to the
number of files returned by the MMEMory: CATalog? command.

Query parameters:
<PathName> String parameter

Directory to be queried, absolute or relative path

Return values:
<Count> Number of files.

Usage: Query only

MMEMory:COPY <FileSource>,<FileDestination>

Copies data to another directory on the same or different storage device. The file name
can be changed, too.

Setting parameters:
<FileSource> String parameter

Name and path of the file to be copied

<FileDestination> String parameter

Name and path of the new file. If the file already exists, it is over-
written without notice.

Example: MMEM: COPY "/media/SD/Rohde-Schwarz/RTH/SaveSets/Settingsl.xml",
"/media/USBl/SaveSets/Settingsl.xml"

Usage: Setting only

MMEMory:MOVE <FileSource>, <FileDestination>

Moves an existing file to a new location.
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Setting parameters:
<FileSource> String parameter

Path and name of the file to be moved.

<FileDestination> String parameter
Path and name of the new file.

Example: MMEM:MOVE " /media/SD/Rohde-Schwarz/RTH/SaveSets/Settingsl.xml",
"/media/USBl/SaveSets/Settingsl.xml"

Usage: Setting only

MMEMory:DELete <FileSource>
Removes a file from the specified directory.

Setting parameters:
<FileSource> String parameter

File name and path of the file to be removed. If the path is omit-
ted, the specified file is deleted in the current directory. Filters
are not allowed.

Example: MMEM:DELete "/media/USBl/SaveSets/Settingsl.xml"

Usage: Setting only

14.14 General Instrument Setup
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14.14.1 Date and Time

SYSTem:DATE [<Year>], [<Month>], [<Day>]
SYSTem:DATE? [<Year>], [<Month>]

Sets the date on the instrument.

Parameters:

<Day> Range: 1 to 31
Increment: 1
*RST: 1

Parameters for setting and query:

<Year> Range: 2012 to 2099
Increment: 1
*RST: 2012
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<Month> Range: 1 to 12
Increment: 1
1

*RST:

SYSTem:TIME [<Hours>], [<Minutes>], [<Seconds>]
SYSTem:TIME? [<Hours>], [<Minutes>]

Sets the time on the instrument.

Parameters:
<Seconds> Range: 0 to 59

Increment: 1

*RST: 1
Parameters for setting and query:
<Hours> Range: 0 to 24

Increment: 1

*RST: 1
<Minutes> Range: 0 to 59

Increment: 1

*RST: 1
Display Settings
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DISPlay:PERSistence[: TYPE] <PersistenceType>

Defines how long every new data point remains on the screen.

Parameters:

<PersistenceType> OFF | TIME | INF
OFF
Deactivates persistence.
TIME

Data points remain on the screen for the duration defined with
DISPlay:PERSistence:TIME.

INF
Data points remain on the screen infinitely until persistence is
set to OFF.

*RST: OFF
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DISPlay:PERSistence:TIME <PersistenceTime>

Sets a user-defined persistence time. The command takes effect if DTIsPlay:
PERSistence[:TYPE] is setto TIMe.

Parameters:

<PersistenceTime> Range: 0.05 to 10
Increment: 0.01
*RST: 0.05

Default unit: s

DISPlay:CONTrast <ContrastMode>
If enabled, the waveforms are displayed in black color on white background.

Parameters:
<ContrastMode> ON | OFF

*RST: OFF

DISPlay:MOUS <EnableTouch>
Switches the touch functionality of the screen on or off.

If you use the instrument in an environment with immissions considerably higher than
specified, the immisions may affect the touch sensitivity of the screen. In this case, dis-
able the touch and operate the instrument using the keys and the wheel.

Parameters:
<EnableTouch> ON | OFF

*RST: OFF

DISPlay:LCD <EnableLCD>
Turns the LCD display on or off.

Parameters:
<EnableLCD> ON | OFF

*RST: OFF

14.15 WLAN Connection (Option R&S RTH-K200/200US)

SYSTem:COMMunicate:WLAN:MODE <Mode>

Selects the wireless LAN function of the instrument. It can serve as access point or as
client.
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Parameters:
<Mode> ACCesspoint | CLlent

*RST: ACCesspoint
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Annex
A SCPI| Command Structure

SCPI commands consist of a header and, in most cases, one or more parameters. The
header and the parameters are separated by a "white space" (ASCIl code 0 to 9, 11 to
32 decimal, e.g. blank). The headers may consist of several mnemonics (keywords).
Queries are formed by appending a question mark directly to the header.

The commands can be either device-specific or device-independent (common com-
mands). Common and device-specific commands differ in their syntax.

A.1 Syntax for Common Commands

Common (= device-independent) commands consist of a header preceded by an aster-
isk (*), and possibly one or more parameters.

Table A-1: Examples of common commands

*RST RESET Resets the instrument.

*ESE EVENT STATUS ENABLE Sets the bits of the event status enable registers.
*ESR? EVENT STATUS QUERY Queries the contents of the event status register.
*IDN? IDENTIFICATION QUERY Queries the instrument identification string.
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A.2 Syntax for Device-Specific Commands

instrument. For demonstration purposes only, assume the existence of the following
commands for this section:

® DISPlay[:WINDow<l...4>]:MAXimize <Boolean>

ﬁ Not all commands used in the following examples are necessarily implemented in the

® FORMat:READings:DATA <type>[,<length>]

® HCOPy:DEVice:COLor <Boolean>

® HCOPy:DEVice:CMAP:COLor:RGB <red>,<green>,<blue>
® HCOPy[:IMMediate]

® HCOPy:ITEM:ALL

® HCOPy:ITEM:LABel <string>

® HCOPy:PAGE:DIMensions:QUADrant [<N>]

® HCOPy:PAGE:ORIentation LANDscape | PORTrait

® HCOPy:PAGE:SCALe <numeric value>

® MMEMory:COPY <file source>,<file destination>

® SENSE:BANDwidth|BWIDth[:RESolution] <numeric value>
® SENSe:FREQuency:STOP <numeric value>

® SENSe:LIST:FREQuency <numeric value>{,<numeric value>}
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A.21 Long and short form

The mnemonics feature a long form and a short form. The short form is marked by
upper case letters, the long form corresponds to the complete word. Either the short
form or the long form can be entered; other abbreviations are not permitted.

Example:
HCOPy:DEVice:COLor ON is equivalent to HCOP: DEV:COL ON.

Case-insensitivity
Upper case and lower case notation only serves to distinguish the two forms in the
manual, the instrument itself is case-insensitive.
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A.2.2 Numeric Suffixes

If a command can be applied to multiple instances of an object, e.g. specific channels
or sources, the required instances can be specified by a suffix added to the command.
Numeric suffixes are indicated by angular brackets (<1...4>, <n>, <i>) and are replaced
by a single value in the command. Entries without a suffix are interpreted as having the
suffix 1.

Example:

Definition: HCOPy : PAGE : DIMensions : QUADrant [<N>]
Command: HCOP : PAGE : DIM: QUAD2

This command refers to the quadrant 2.

For remote control, the suffix may differ from the number of the corresponding selec-
tion used in manual operation. SCPI prescribes that suffix counting starts with 1. Suffix
1 is the default state and used when no specific suffix is specified.

6 Different numbering in remote control

Some standards define a fixed numbering, starting with 0. If the numbering differs in
manual operation and remote control, it is indicated for the corresponding command.

A.2.3 Optional Mnemonics

Some command systems permit certain mnemonics to be inserted into the header or
omitted. These mnemonics are marked by square brackets in the description. The
instrument must recognize the long command to comply with the SCPI standard. Some
commands are considerably shortened by these optional mnemonics.

Example:
Definition: HCOPy [ : IMMediate]
Command: HCOP: IMM is equivalent to HCOP

6 Optional mnemonics with numeric suffixes

Do not omit an optional mnemonic if it includes a numeric suffix that is relevant for the
effect of the command.

Example:
Definition:DISPlay [ :WINDow<1l...4>] :MAXimize <Boolean>
Command: DISP:MAX ON refers to window 1.

In order to refer to a window other than 1, you must include the optional WINDow
parameter with the suffix for the required window.

DISP:WIND2:MAX ON refers to window 2.
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SCPI Parameters

Many commands are supplemented by a parameter or a list of parameters. The
parameters must be separated from the header by a "white space" (ASCIl code 0 to 9,
11 to 32 decimal, e.g. blank).

The parameters required for each command and the allowed range of values are
specified in the command description.

Allowed parameters are:
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Numeric Values

Numeric values can be entered in any form, i.e. with sign, decimal point and exponent.
Values exceeding the resolution of the instrument are rounded up or down. The man-
tissa may comprise up to 255 characters, the exponent must lie inside the value range
-32000 to 32000. The exponent is introduced by an "E" or "e". Entry of the exponent
alone is not allowed.

Example:
SENS:FREQ:STOP 1500000 = SENS:FREQ:STOP 1.5E6
Units

For physical quantities, the unit can be entered. If the unit is missing, the basic unit is
used. Allowed unit prefixes are:

* G(dgiga)

® MA (mega), MOHM, MHZ
e K (kilo)

® M (milli)

® U (micro)

® N (nano)

Example:

SENSe:FREQ:STOP 1.5GHz = SENSe:FREQ:STOP 1.5E9

Some settings allow relative values to be stated in percent. According to SCPI, this unit
is represented by the PCT string.
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Example:
HCOP:PAGE:SCAL 90PCT

A.3.2 Special Numeric Values

The following mnemonics are special numeric values. In the response to a query, the
numeric value is provided.

e MIN and MAX: denote the minimum and maximum value.

® DEF: denotes a preset value which has been stored in the EPROM. This value
conforms to the default setting, as it is called by the *RST command.

® UP and DOWN: increases or reduces the numeric value by one step. The step
width can be specified via an allocated step command for each parameter which
can be set via UP and DOWN.

® INF and NINF: INFinity and negative INFinity (NINF) represent the numeric values
9.9E37 or -9.9E37, respectively. INF and NINF are only sent as instrument respon-
ses.

® NAN: Not A Number (NAN) represents the value 9.91E37. NAN is only sent as a
instrument response. This value is not defined. Possible causes are the division of
zero by zero, the subtraction of infinite from infinite and the representation of miss-
ing values.

Example:

Setting command: SENSe:LIST:FREQ MAXimum
Query: SENS:LIST:FREQ?

Response: 3.5E9

Queries for special numeric values

6 The numeric values associated to MAXimum/MINimum/DEFault can be queried by
adding the corresponding mnemonic after the quotation mark.
Example: SENSe:LIST:FREQ? MAXimum

Returns the maximum numeric value as a result.

A.3.3 Boolean Parameters

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

query.
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SCPI Parameters

Example:

Setting command: HCOPy : DEV:COL ON
Query: HCOPy : DEV: COL?

Response: 1

Text Parameters

Text parameters observe the syntactic rules for mnemonics, i.e. they can be entered
using a short or long form. Like any parameter, they have to be separated from the
header by a white space. In the response to a query, the short form of the text is provi-
ded.

Example:

Setting command: HCOPy: PAGE: ORIentation LANDscape
Query: HCOP: PAGE : ORI ?

Response: LAND

Character Strings
Strings must always be entered in quotation marks (' or ").

Example:
HCOP:ITEM:LABel "Testl"
HCOP:ITEM:LABel 'Testl'

Block Data

Block data is a format which is suitable for the transmission of large amounts of data.
For example, a command using a block data parameter has the following structure:

FORMat :READings :DATA #45168XXXXXXKXX

The ASCII character # introduces the data block. The next number indicates how many
of the following digits describe the length of the data block. In the example the 4 follow-
ing digits indicate the length to be 5168 bytes. The data bytes follow. During the trans-
mission of these data bytes all end or other control signs are ignored until all bytes are
transmitted.

#0 specifies a data block of indefinite length. The use of the indefinite format requires a
NL~END message to terminate the data block. This format is useful when the length of

the transmission is not known or if speed or other considerations prevent segmentation
of the data into blocks of definite length.
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A.4 Overview of Syntax Elements

The following tables provide an overview of the syntax elements and special charac-
ters.

Table A-2: Syntax elements

The colon separates the mnemonics of a command.

; The semicolon separates two commands of a command line. It does not alter the path.

s The comma separates several parameters of a command.

? The question mark forms a query.

* The asterisk marks a common command.

Quotation marks introduce a string and terminate it (both single and double quotation marks are
" possible).

# The hash symbol introduces binary, octal, hexadecimal and block data.
®  Binary: #810110

®  QOctal: #07612

®  Hexa: #HF3A7

®  Block: #21312

A "white space" (ASCII-Code 0 to 9, 11 to 32 decimal, e.g. blank) separates the header from the
parameters.
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Table A-3: Special characters

| Parameters

A vertical stroke in parameter definitions indicates alternative possibilities in the sense of "or". The
effect of the command differs, depending on which parameter is used.

Example:

Definition:HCOPy : PAGE: ORIentation LANDscape | PORTrait
Command HCOP: PAGE : ORI LAND specifies landscape orientation
Command HCOP: PAGE: ORI PORT specifies portrait orientation
Mnemonics

A selection of mnemonics with an identical effect exists for several commands. These mnemonics are
indicated in the same line; they are separated by a vertical stroke. Only one of these mnemonics
needs to be included in the header of the command. The effect of the command is independent of
which of the mnemonics is used.

Example:

DefinitionSENSE : BANDwidth |BWIDth[:RESolution] <numeric value>
The two following commands with identical meaning can be created:
SENS:BAND:RES 1

SENS:BWID:RES 1

[1 | Mnemonics in square brackets are optional and may be inserted into the header or omitted.
Example: HCOPy [ : IMMediate]

HCOP:IMM is equivalent to HCOP

{} | Parameters in curly brackets are optional and can be inserted once or several times, or omitted.
Example: SENSe: LIST:FREQuency <numeric value>{,<numeric_value>}

The following are valid commands:

SENS:LIST:FREQ 10

SENS:LIST:FREQ 10,20

SENS:LIST:FREQ 10,20,30,40

A.5 Structure of a Command Line

A command line may consist of one or several commands. It is terminated by one of
the following:

® <New Line>
® <New Line> with EOI
® EOI together with the last data byte

Several commands in a command line must be separated by a semicolon ";".
Example:
MMEM:COPY "Testl", "MeasurementXY";:HCOP:ITEM ALL

This command line contains two commands. The first command belongs to the MMEM
system, the second command belongs to the HCOP system. If the next command
belongs to a different command system, the semicolon is followed by a colon.
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Example:

HCOP:ITEM ALL; :HCOP:IMM

This command line contains two commands. Both commands are part of the HCOP
command system, i.e. they have one level in common.

If the successive commands belong to the same system, having one or several levels
in common, the command line can be abbreviated. When abbreviating the command
line, the second command begins with the level below HCOP. The colon after the sem-
icolon is omitted. The abbreviated form of the command line reads as follows:

HCOP:ITEM ALL;IMM

Example:

HCOP:ITEM ALL

HCOP: IMM

A new command line always begins with the complete path.

A.6 Responses to Queries

A query is defined for each setting command unless explicitly specified otherwise. It is
formed by adding a question mark to the associated setting command. According to
SCPI, the responses to queries are partly subject to stricter rules than in standard
IEEE 488.2.

® The requested parameter is transmitted without a header.
Example: HCOP: PAGE : ORI ?, Response: LAND

® Maximum values, minimum values and all other quantities that are requested via a
special text parameter are returned as numeric values.
Example: SENSe: FREQuency:STOP? MAX, Response: 3.5E9

® Numeric values are output without a unit. Physical quantities are referred to the
basic units or to the units set using the Unit command. The response 3.5E9 in
the previous example stands for 3.5 GHz.

® Truth values (Boolean values) are returned as 0 (for OFF) and 1 (for ON).
Example:
Setting command: HCOPy : DEV: COL ON
Query: HCOPy : DEV: COL?
Response: 1
® Text (character data) is returned in a short form.
Example:
Setting command: HCOPy : PAGE: ORIentation LANDscape
Query: HCOP: PAGE: ORI?
Response: LAND

® |nvalid numerical results
In some cases, particularly when a result consists of multiple numeric values, inva-
lid values are returned as 9.91E37 (not a number).
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B Command Sequence and Synchronization

IEEE 488.2 defines a distinction between overlapped (asynchronous) and sequential
commands:

® A sequential command finishes executing before the next command starts execut-
ing. Commands that are processed quickly are usually implemented as sequential
commands.

® An overlapping or asynchronous command does not automatically finish executing
before the next command starts executing. Usually, overlapping commands take
longer to process and allow the program to do other tasks while being executed. If
overlapping commands must be executed in a defined order, e.g. to avoid wrong
measurement results, they must be serviced sequentially. This method is called
synchronization between the controller and the instrument.

As a rule, send commands and queries in different program messages, i.e. in separate
command lines.

Do not combine queries with commands that affect the queried value in one program
message because the response to the query is not predictable.

The following messages always return correct results:
:CHAN:SCAL 0.01;POS 1

:CHAN:SCAL?

Result: 0.01 (10 mV/div)

Reason: Setting commands within one command line, even though they are implemen-
ted as sequential commands, are not necessarily serviced in the order in which they
have been received.

For further information, refer to:

® rohde-schwarz.com/rckb: Rohde & Schwarz web page that provides information on
instrument drivers and remote control.

o "Automatic Measurement Control - A tutorial on SCPI and IEEE 488.2" from John

M. Pieper (R&S order number 0002.3536.00). The book offers detailed information
on concepts and definitions of SCPI.

B.1 Preventing Overlapping Execution

To prevent an overlapping execution of commands, one of the commands *0PC,
*QPC? or *WAT can be used. All three commands cause a certain action only to be
carried out after the hardware has been set. The controller can be forced to wait for the
corresponding action to occur.


http://rohde-schwarz.com/rckb

Table B-1: Synchronization using *OPC, *OPC? and *WAI

Preventing Overlapping Execution

Com- Action Programming the controller

mand

*OPC Sets the Operation Complete bit in the ESR ®  Setting bit 0 in the ESE
after all previous commands have been exe- | ®  Setting bit 5 in the SRE
cuted. ®  Waiting for service request (SRQ)

*OPC? Stops command processing until 1 is Send *OPC? directly after the command
returned. This occurs when all pending opera- | whose processing must be terminated before
tions are completed. other commands can be executed.

*WAI Stops further command processing until all Send *WAI directly after the command whose
commands sent before *WAI have been exe- | processing must be terminated before other
cuted. commands are executed.

Command synchronization using *WAT or *OPC? is a good choice if the overlapped
command takes only little time to process. The two synchronization commands simply
block overlapped execution of the command. Append the synchronization command to

the overlapping command, for example:
SINGle; *OPC?

For time consuming overlapped commands, you can allow the controller or the instru-
ment to do other useful work while waiting for command execution. Use one of the fol-
lowing methods:

*OPC with a service request
1. Set the OPC mask bit (bit no. 0) in the ESE: *ESE 1
Set bit no. 5in the SRE: *SRE 32 to enable ESB service request.

Send the overlapped command with *opC .

A w0 DN

Wait for a service request.

The service request indicates that the overlapped command has finished.

*OPC? with a service request

1. Setbit no. 4 in the SRE: *SRE 16 to enable MAV service request.
2. Send the overlapped command with *OpC?.

3. Wait for a service request.

The service request indicates that the overlapped command has finished.

Event status register (ESE)
1. Set the OPC mask bit (bit no. 0) in the ESE: *ESE 1
2. Send the overlapped command without *OPC, *OPC? or *WAT.

3. Poll the operation complete state periodically (with a timer) using the sequence:
*OPC; *ESR?

A return value (LSB) of 1 indicates that the overlapped command has finished.



List of Commands

ACQUIre:ARESEEIMMEIALE. .....cooieiieiei ettt e et e e et e e e et e e e e naeeeeeneeeeaneeeeanneen 259
ACQUITEIAVAIIBDIE? ...ttt b e ettt a e bt e e ae e e he e et eete e e bt e saneaaneeneee 298
ACQUIrEIAVERAGEICOUNTL.......ceiiiiiiitiieit ettt b ettt ettt et e e e e nne e 259
ACQUITEIMODE ..ottt e ettt et e et e e heeeae e e st e ente e seeenseeeaeeemseeeseeebeeeseaenseeenseenseeannas 259
ACQUITEIPOINISIARATE? . ..ttt et h ettt ae e e bt e e b bt e bt e et e e ettt e bt e sbe e e b e e neneebe e 258
ACQUIFEIPOINES[IVALUE] ...ttt ettt et sre e nne e e 260
ACQUITEIRESOIULIONT? ...ttt ettt et e e ettt e e e a et e e e aeeeeanbe e e e amtee e e neeeeanneeeeanneeeaanneeeaanneaaans 260
AUTOSCAIE. ...ttt h ettt et e bt e et e he e et e bt e bt et ettt 252
BUSICAN:BITRALE. .....ccuietiitieite ettt ettt sttt et e s b e e e te et e st e et e e teeneesseeneesaeeneesseeseesseeneenseensenneeneennis 400
BUS:CAN:DATA:SOURCce.. ..399
BUS:CAN:DATAITHRESNOIG. ...ttt et et e e e e eneeneeenes 401
BUSICANFCOUNL? ...ttt ettt h e et e ke e i bt e b et e a et e ek et eab e e e be e e bt e saeeenbeeenbeeabeeanneenns 406
BUS:CAN:FRAMESM>IACKSIAIE?..... ettt ettt ettt et e s st e teeenee e seeeneeesneeenneeanes 408
BUS:CAN:FRAMESM>IACKVAIUE?........ouiiiiiietie ettt ettt 406
BUS:CAN:FRAME<M>BSEPOSIHION?........eiiiiiiiiieitie ittt ettt et e e e be e as 406
BUS:CAN:FRAMESM>BY TESNZISTATE? ...ttt ettt ettt et e et et e e st e e seeeneeenseeeneeesaeeenneennes 407
BUS:CAN:FRAMe<m>:BYTE<n>:VALue?....

BUS:CAN:FRAMESMSICSSTAE?. ...ttt ettt ettt ettt e b ettt e he et eebe e et e e ehe e et e e enbeebeeaneeeas
BUS:CAN:FRAMESMZICSVAIUE?. ...ttt ettt ettt et et e e eat e et e e e st e e e e saeeenseeenseeseeaneeanns 407
BUS:ICANFRAMESMZIDATAT .ottt ettt ettt e et e et en e te e s e eeese e teeseeneeeneeneenneeneeaneeneens 408
BUS:CAN:FRAMESM>IDLCSIAtE? ...ttt ettt et et e sae et e e e e beeaneeean 408
BUS:CAN:FRAMESM>IDLCVAIUE?. ...ttt ettt ettt st e e e ente et e e s e e eneeennaeneas 408
BUS:CAN:FRAMESMZIIDSTAE?. ...ttt ettt sttt et et e et e teene e te e e nteeneeneeeneeneeenee 408
BUS:CAN:FRAMe<m>:IDTYpe?... .
BUS:CAN:FRAMESMZIIDVAIUE?........eiitieiiieeie ettt ettt ettt e st e e be e e neeeseeenseeeseeanneesneeeneeanes 409
BUS:CAN:FRAMESMZISDATA?. ..ottt sttt ettt ettt et e e eseeese e ee e s e teeseenteeseeneesneeneenneeneeaneeneens 409
BUS:ICAN:FRAMESMZISTARL?. ...ttt sttt ettt te e e st e e seesteese e tesseeseeseennesneannesneenesneeneenns 409
BUS: CAN:FRAMESMS IS TATUS? ..ottt ettt ettt ee et ettt e et e e ete e et e e esee e s e e aseeeseesnseeseeenseeaseeansaeaneeenseesneeas 410
BUS:CAN:FRAMESMZISTOP ...ttt e ettt e st e et e me e aeeseeneeeneeneeneenneeneeneas 409
BUS:CAN:FRAMESMZISYIMBOI? ...ttt ettt ettt et e bttt e eneeebeesaee s 410
BUS:CAN:FRAMESMSITYPE?. ... ittt ettt ettt et et e e e st e e beeeaeeeseeeateeteeenneesneeennaenneas 410
BUS:CAN:SAMPIEDOINT. ....cetieeeetieee ettt ettt et e e et e e e e e e asaeeeaaseeeesnteeesnsseeeasseeeaasseeessseeesnseeeennneees 401
BUS:ICANTECHNOIOFY. ...ttt ettt ettt et h ettt e e st e bt e e ab e e bt e et e e b e e b e e eneeenbeeenbeenbeeanneas 401
BUSICAN:TYPE..... oottt ettt e ettt et e et e et e e eateeteeesbeeeseeenseeeaeeemseeesseenseeenseenseeenseenneeanneas 400
BUS:FORMat

BUS:I2CFCOUN? ...ttt bt h ettt e e bt e e b et e et e e ek bt e ab e e e bt e e be e eabeenbeeenbeeabeeanneenne
BUS:I2C:FRAMESMSIAACCESS? ...ttt etee ettt ete e et e eae e e st e eseeeabeeesteeeseeenseeeseeenseesneeenseesnseenseeaneeens 380
BUS:I2C:FRAMESMZIACCESS ...ttt ettt ettt b et e bt et ettt e bt enae e et eeeaeeebeesiaeenee 380
BUS:I2C:FRAMESM>ACOMPIBIE? ...ttt ettt ettt et e e e beeanee e 380
BUS:I2C:FRAMESMSIADBSEAM? ..ottt ettt ettt et e e st e seeenteese e et e e eneeenseeeneeenseeaneeas 380
BUS:I2C:FRAMESMZIADDRESS? ...ttt ettt ettt ettt et et e e sne e 381
BUS:I2C:FRAMe<m>:ADEVice?.. .
BUS:I2C:FRAMESMZIAMODE?.......coiiietieeiie et ettt ettt ettt et e e e e eaeeemeeeeseeebeesseeeseeenseeaseeanseesneeanneennns 381
BUS:I2C:FRAMESMZIASTAM? ...ttt sttt ea et e e s e e e e te e e s teen e teaneenseeneeneeeneeneeenes 381
BUS:I2C:FRAMESMZIBCOUNL? ...ttt ettt ettt ettt h et et e et e e bt e s he e e bt e eabe e beeanbeesneeenbeeanne 382
BUS:I2C:FRAMESM>BYTESNZIACCESS?......eiiiiieiieeiee ettt ettt et e st eeee e st eebeesseaeseeenseeaseeaneeesneeenneeanes 382
BUS:12C:FRAMe<M>:BYTESNZIACKSIAM?. ..ottt ne 382



BUS:I2C:FRAMe<mM>:BYTESN>ICOMPIELE?. ...ttt 382
BUS:I2C:FRAMe<m>:BYTE<n>:STARt?...

BUS:I2C:FRAMESM>BYTESNZIVALUE?. ...ttt ettt 383
BUS:I2C:FRAMESMZIDATAT ettt ettt a e bt e a bt ekt et e e ke e e ab e e ehb e et e e enteebeeaneeeas 383
BUS:I2C:FRAMESMZIRWBSEAI?. ...ttt et ettt et e e bt eesbeesbeeenseeeneeanreaaneeas 383
BUS:I2C:FRAMESMZISTARL? ...ttt bttt et et nae et ebeeaeee e 384
BUS:I2C:FRAMESMS IS TATUS?Z. ettt h ekt b e bt e bt e e e bt e bt e e bt e ebe e et e e eneeebeeanee s 384
BUS:I2C:FRAMESMZISTOP? ...ttt ettt e e ae e e et e e te e e beeeheeeseeeaseeeseeenseesneaenneeanns 385
BUS:I2C:SCLISOURCE. ...ttt ettt ettt b e et ettt e et e e et et eae e 375
BUS:I2C:SCLITHRESNOIG. ...ttt etttk e b e ehe et e et e b e aneeeas 376
BUS:I2C:SDAISOURCE. ...ttt ettt ettt ht et e bt e e bt e eheeen e e e eseeemseeeseeenseeeaeeanseeenbeeabeaanneenns 375
BUS:I2C:SDAITHRESNOIG. ...ttt bttt et e ettt et et et enneas 376
BUS:I2C:TECHnology

BUS LINIBITRALE. ...ttt ettt ettt ettt e et e e e he e e s e e eaeeebeees b e e beeemeeeasbeenbeeaseeenseesnnaeneeanns
BUS:LINIDATAISOURCE. ...ttt ettt ettt et ettt et ae e ettt et e e e nae e nan e e e 411
BUS:LIN:DATAITHRESNONG. ...ttt ettt e e e b e nae e 412
BUS LINIFCOUN? ...ttt ettt h e et e et e et e e eheeeaseeenbeembeeeseeenseeenseanseeenseeaseaannaanns 416
BUS:LIN:FRAMESM>BY TESNZISTATE? ...ttt ettt et 416
BUS:LIN:FRAME<M>BYTESNZIVALUB?. ...ttt ettt ettt ettt 416
BUS:LIN:FRAMESMSICSSTAE?. ...ttt ettt ettt ettt et et e e et e e teeebeeenbeeeaeeenseeeneeenseeaneaaas 417
BUS:LIN:FRAMESMZICSVAIUE?......cutiiit ittt ettt ettt ettt b e 417
BUSLINIFRAMESMZIDATAT oottt ettt h et h e e b e hb e bt et e bt e b e e e he e et e e enteenbeeaneeeas 417
BUS:LIN:FRAMESMZIIDPVAIUE?. ...ttt ettt ettt ettt e e ettt e e b e eaeeeneeeneeenbeaanee e 418
BUS:LIN:FRAMESMZIIDSTAIE?.......ei ittt ettt b e aane e 418
BUS:LIN:FRAMESMZIIDVAIUE?.......coiieiiiiiit ettt ettt b et ettt et e eenneeebeeanne 418
BUS:LIN:FRAMESMZISTARL?..... oottt ettt ettt ettt e bt e et e e st e eabeeeseeenbeeeaeeenseeenseeaneaaneaaas 419
BUS:LIN:FRAMe<m>:STATus?.... ..419
BUSLINIFRAMESMZISTOP ...ttt ettt h et b e b e st et e et e e beeanbeesneeeteeanne 419
BUS:LIN:FRAMESMZISYMBOI?. ...ttt ettt et et e et e et e et e e et e e eneeenteeeneeebeesneeas 419
BUS:LIN:FRAMESMZISY STAE?....ceteeieeieeiie ettt ettt ettt et e s 420
BUS LINIPOLAIIY . ...tttk ettt et h e b e et e he e e bt e b e e bt e embeebeeenbeeabeeaneeean 412
BUSLINISTANGAIG. ...ttt ettt et et e et eeat e et e e esb e e abeeemeeaseeenbeeaseaennaeeneeenseeaneas 412
BUS LIN:TECHRNOIOGY . ...ttt ettt b et be ettt e b e et et ean e e b e 413
BUSISETREFIEVEIS. ...ttt ettt b ettt et e et e e et e e nneeebeeanee
BUSISETRETIGVEIS. ...ttt ettt e ettt e e ettt e e nte e e e eaee e e e neeeaanbeeeeanbeeeaaneeaeannnen
BUSISETREFIEVEIS. ...ttt b ettt ettt ettt et e e te e
BUSISETREFIEVEIS. ...ttt bttt ettt b ettt e et e be e et e nneeebeeanne
BUS:SETReflevels....
BUS ISPLFCOUNL?....ce ettt h et ea et e e ettt b et e et ettt et et e et e et et e e eenes 390
BUS:SPLEFRAMESMZIDATATY .ottt b e a e e e h ettt et bt e bt e e ae e e bt e e abe e beeanbeenneeaneennne 390
BUS:SPLEFRAMESMSISTARL?. ..ottt ettt ettt et e e ae e e et e e te e et e e e aeeeseeeaseeeseeenseesneeenseeanns 391
BUS:SPIFRAMESMZISTATUS?. ..ttt ettt b et e bt et ettt e sae e et e e sae e ebeeeiaeanee 390
BUS:SPLEFRAMESMZISTOP? ...ttt h et bttt et et e e sbe e et e ene e e beesaee s 391
BUS:SPLEFRAMESMSIWCOUNE?....iiiie ettt ettt ettt ettt e e bt e e et e e st e eas e e st e enbeeeneeenseeeneeenseaaneeas 391
BUS:SPI:FRAMe<m>:WORD<n>:MISO?..

BUS:SPI:FRAME<M>:WORDSNZIMOSI?......oiiiiieitiiiite ettt b et e s 392
BUS:SPI:FRAME<M>WORD<SNZISTARL?. ..ottt ettt ettt et e et e e e saeesneaeneas 392
BUS:SPI:FRAME<M>WORDSNZISTOP?......oitiiiiiiiie ittt sttt 392
BUS:SPIMISO:ISOURGE. ...ttt ettt a ettt e et e bt e a et e bt e e bt ekt e e bt e saeeeateeenteebeeaaneenee 386
BUS:SPEMISO:THRESNOIA. ...ttt ettt e et e et e e e e eae e et e e eneeebeaeneeas 387



BUS:SPIMOSESOURGE. ...ttt ettt h ettt e bt e e bt e ket e bt e be e e bt e saeeeateeeneeebeesnaeenee
BUS:SPI:MOSI:THReshold....
BUS ISPIIORDET ...tttk a etk b ekt b bbbt
BUS ISP SCLKISLOPE. ...ttt h et h et h e e bt e e bt e bt e ee et e bt e e bt e be e et e e nnbeene e
BUS:SPISCLKISOURCE. ...ttt ettt ettt ettt et e et et e e es b e e beeeaeeeseeenbeeebeeenneeeneeenneeaneas
BUS:SPLSCLKITHRESNOIG. ...ttt ettt ettt b e
BUS ISP SSELIPOLAIIY. ...ttt ettt b et he ettt e bt e ent e e e et e b e anneas
BUS:SPISSELISOURGCE. ...ttt ettt ettt ae e et e e st e et e e eheeemseeeseeeabeeeseeanseesneeanseeenseeabeaanneanns
BlU S S P S S E L S T AT ..ttt ettt et h et ekttt e bt et nae et sae e
BUS:SPESSELTHRESNOIA. ...ttt b ettt et eneeas
BUS:SPLETECHNOIOGY. ...ttt ettt ettt ht et e ekt e et e e eheeems e e eneeemeeeeseeenseeeneeanseeanseeabeaannaanns
BUS ISPLTIMEOUL. ...ttt et b ettt he e e bt et et b e e st et e e e beeenneas
BUS:SPI:WSIZe
BUS I TY PE. .ottt ettt ettt e et e e a et e bt e es et e bt e eh e e e st e ente et e e en b e e ehe e eane e st e enbeeehee e neeenneeneeaneas
BUSIUART BITRALE. ...ttt bttt h ettt ettt et e et e b aaneas
BUSIUARTFRAMEMOUTE. ...ttt ettt ettt bt e bt b e et e bt e e st e ebe e e nteeenreenbeeaanes
BUSIUARTIORDET. ...ttt ettt ettt et ettt e et ekt e e st e eaeeeaee e es e e e beeeae e e st e embe e st e enbeeaneeenseeanseeseaanneas
BUSIUART PARITY ...ttt ettt h et ettt e bt e e bt ettt et e e b e e enn e e naneete e e
BUSIUART P OLAIEY. ...ttt b et h et et e bt e bt e e st e e st e et e e bt e enbeenneeebeeanne
BUS:UART:SBIT

BUS:UART:SOURce
BUSIUART ISSIZE. ...ttt ettt ettt h e et e h e et e bt e bt e e hb e e bt e et e e be e e b e nneeebeeanne

BUSIUART :STDBILrAE. ...ttt ettt ettt et e et e et e e es b e e abeeeaeeeseeenbeeebeaanneeeneeennaaaneas

BUS:UART:TECHRNOIOGY. ...ttt b ettt ettt ettt ettt e e b e e aaneenee

BUSIUART:THRESNOIA. ...ttt ettt b ettt et e b e et e nneeebeeanne

BUSIUART TOUT .ttt ettt ettt ettt et e et e et e e ea et e st e ea s e e beeeaeeeeseeemseeaseeenbeeeneeenseeenbeeseaannaans

BUSIUARTIWCOUNT? ...ttt ettt b et a ettt et nae et e et e beeaane s 397
BUS:UART:WORD KM ISTARL?. ..ttt ettt ettt et eb e et e e eneeebeeanee s 398
BUS:UART:WORD KM ISTATE?. ..ottt ettt ettt ettt et e ettt et e e e ae e e eaeeeaseaseeenbeesneeenseeeaseabeaaseaaas 398
BUS:UART:WORDSMZISTOP ...ttt ettt ettt ettt nbe et e et e e eine e 398
BUS:UART:WORDSMZIVALUE?.......c ittt ettt b et ekt ettt et ehe et e e enteebeeanaeenee 399
BlU S S T AT €] ettt ettt ettt ettt ettt e et ekt e e s e e e eheeea et ekt e ea b e e eh e e enseeenteebeeeReeebeeenneeteeenneeaneeantaenns 375
CALCUIAEIMATHSTATE. ..ttt ettt ettt b e b e ae e et e ettt e e e e nae e st e e eees 294
CALCulate:MATH:VERTICAIPOSIION. ...ttt ettt 295
CALCulate:MATH:VERTICAERANGE. ..ottt ettt et e et eeneeaneaeas 295
CALCUIate:MATH:VERTICAISCALE. ...ttt ettt 295
CALCulate:MATH[:EXPRESSION][:DEFINE].......uiiiiiiieiiie ettt et enae e e easee e e es 294
CHANnRel<m>:BANDwidth
CHANRNEISMZICOUPIING. ...ttt ettt sh ettt e bttt et e e bt et e e enn e e naneeneenane

CHANRNEISMZIDATAIHEADEI?. ...ttt ettt ettt e b ettt e h e ettt e et eehe et e e et e e ebeeaneeeas 429
CHANRNEISMS IDATALVALUES] 2.ttt ettt ettt et et e e bt e e e e e eaeeemteees b e ebeeenseanseeenbeeaseeanneas 429
CHANRNEISMZ IDESKEW. ...ttt ettt b ettt ae et e st e e bt sae e e e e it e nbeeaaneenee 255
CHANREISKM>HISTOIY:CURRENL. ... ..oiiiiiiie ittt ettt e s 298
CHANREI<KM>HISTOrY:NSEGMENTS. .....coouiiiiiiiiieii et 297
CHANnRel<m>:HISTory:PLAY
CHANnel<m>:HISTory:REPLay

CHANRNEISMZTHISTOMYISTARL. .ttt ettt ettt et bt nneenee e 298
CHANREISM>THISTOMY:STOP......cii et e 298
CHANRNEISMS THISTONYTPACT. ...ttt ettt b et h et e ke et e e ehe et eeenbeebeeaneeeas 297
CHANREI<KM>:HISTOry:TSABSOIUIE?.......eeiiii e 299



CHANRNEISKM> HISTONY:TSDAE?...... ottt ettt et e ettt e e e b e snaeenee 299
CHANnRel<m>:HISTory:TSRelative?....

CHANRNEISM > HISTONY[ISTATE]. ..ttt ettt ettt ettt beesaee e
CHANRNEISMZ IOFF S ...ttt ettt e b e a bt et e et e b et eeaeeaabeeanees

[0 o VN N = B 4 B = @ 1S oo FO PRSPPI
CHANRNEISMZIRANGE. ...ttt et h ettt e he et e e ettt e bt e nae e e e e eae e e nbeesaneene
CHANRNEISMZ IS CALE. ...ttt ettt h et h et E e e bt e e b et e e bt e st e e bt e he e e bt e eat e e beeenbeesbeeanteenne

[0 0 VN = B 4 B N 1N I TSRO UP PPN
CHANREI<KM>:THREShOIA:FINDIEVEL.........coiiiiiiiiii ettt
CHANRel<m>:THREShOIA: TECHNOIOGY........ceiuiiiiieiiiteie ettt 255
CHANNel<m>:THReShOId: THRESNOIA?........cooiiiiiiiiie ettt e e e e e 256
CHANREISKM>THREShOIA:USER........oiiiiiiiiii ettt 256
COUNter<m>:ABORt
COUNter<m>:CALCuUlate:AVERAGEIALL?. ... .ot
COUNter<m>:CALCulate:AVERAGEIAVERAGE?......c..oiiiiiiiiiiie ittt e 359
COUNter<m>:CALCulate:AVERAGEICLEA.........coiiiiiii e 359
COUNter<m>:CALCulate:AVERage:COUNt:CURRENT?.......oiiiiiiii e 360
COUNter<m>:CALCulate:AVERAGEIMAXIMUM?......coitiiiiiiiie ittt 360
COUNter<m>:CALCulate:AVERAGEIMINIMUM?.....c..iiiiiiiiiiieit et 360
COUNter<m>:CONFigure:FREQuency

COUNLer<m>:CONFIGUIEIVALUE?........o ittt ettt ettt beesene e

(610 10\ (=T R 14 b o o 1 O3 PRSPPSO P TS PPPPI 361
(610181 (=T R 0 b |l = TS RPRSUTRPUPTRRN 362
COUNter<m>:MEASUre:FREQUENCY ..ottt sttt 362
COUNLEISMZIREAD?. ...ttt h ettt a et eh bt e bt e e h bt e bt e bt e b et e bt e eab e et e e enbeenbeeaneeens 363
COUNLEr<m>:SENSEIFUNCHION. ...ttt ettt ettt e b e saeeeeeeeneeebeeanea e 363
COUNter<m>:SENSe:RANGe
COUNLter<m>:SENSE:REFErENCEISTATE. .. oottt ettt ettt et e e sbee e 363
COUNter<m>:SENSE:REFErENCEIVALUE.........ooiiiiieieie ettt ettt e e e e as 364
COUNILEr<m>:SENSEISOURGCE. .......ciiuiiiiieitietee ettt ettt ettt et na ettt esiee e 364
COUNLEISMS IS EN S S T AT ..ttt b et e h ettt et e bt e e sttt e e e e e beeanee e 364
COUNter<m>:SENSE:TRIGGEINMODE........c..oiiiiiiii ettt e et et et e e b e eneeeeneeenneeaneaan 364
(18] 85 To ] o 610 10 =1 o FO TSROSO SOPROP 291
(O8] ST I = I I OSSPSR TSURRPPINY 292
CURSOIFUNCHION. ...ttt ettt et et h e e et e e ehe e e s e e eaeeemseeesbe e beeemeeeseeenbeeaseeanseesnneenneaanns 290
(O8] aS ol o I D =Y | - TSRO PRVROURPP 292
CURSor:MEASuUrement<m>:RESUIIACTUAI?........oiuiiiiieiit ettt 293
CURSor:MEASurement<m>:RESult:LIMit?...... ..293
CURSONIMEASUremMent<MS>ITYPE . ...ttt sb et er e s 291
CURSOISCPLING. ¢ttt ettt ettt b et h ettt e £t e ea bt e eh et e a bt e ek et e bt e e bt e e bt e embeeateeenbeeabeeanteenns 291
(6181 o] ST O L= o T PSPPSR 291
CURSOISOURCE. ...ttt ettt ettt et e bt et ekt e bt et e e bt e nat e et e e eae e e b e e aaneenes 290
(O8] S o S L TR PP STSUSRRPPINY 290
CURSOITDELLA?. ..ottt ettt et e ekt e e st e e e ae e e et e e st e e abeeeheeemseeenseenbeeeseeenseesnseanseeenseeaseaannaanns 292
CURSor:X1Position

CURSor:X2Position

CURSOIY TAMPIUGE? ...ttt ettt et et e et e e s b e e ebe e emeeeseeenbeeebeaensaeeneeenneaaneas 293
CURSOFY TPOSIION. ...ttt ettt b ettt e he et e bt e bt nat e et e e eae e e abeesaneene 293
CURSONY2AMPIUTE?......ee ettt ettt et e e et e e et e e e et e e e snseeeessseeeesseaeesseeesnsseeesnneeas 293
(6181 Yo o 421 o 111 1) PSSO UPRROTRPUPTRRN 293



DISPIAYICONTIASE. ...ttt ettt b e h e bttt e bt e bt e e h et e bt e eab e ekt e e hb e e bt e et e e abeeenbeeaaeeeneeas 438
DISPlay:LCD

DISPIAYIMOUS.......e ettt bttt a et e bt e bt e h et et e et e bt e e et e he e et et e et e nae et 438
DISPIay:PERSISIENCEITIME ... ..ottt ettt h ettt e et e sbee e 438
DISPIay:PERSIStENCEL:TYPE]. ... ittt ettt ettt e et eeae e et e e e st e e beeeneeeneeenneeseaaneas 437
EXPOrt:WAVEfOrmM:DLOGGING. ... ettt ettt ettt h et sttt et enaeesaee e 426
EXPOrt:WAVEfOrMIINCXVAIUES. ........oiiiiiiie ittt ettt bee e 426
EXPort:WAVeform:MULTICRANNEL. .........oiiiii ettt e et e et e e e b e e e enbeeeennes 426
EXPOrt:WAVEFOTMINAME ...ttt a et e e e eneeas 425
EXPOMEWAVEFOIMISAVE . ...tttk h e e bttt e bt e eb e e ebeeebeeeabeereean 427
EXPOrt:WAVEFOrM:ISOURCE. ...ttt ettt e ettt e e et e e e e et e e e ant e e e e neeeeanbeaeaanbeeeannnen 425
FORMAEBORDET ...ttt b et h ettt et h et et eeae et e s bt e ae e et et e e e e naeeennees 428
FORMat[:DATA]..... ...428
HARMORNICIAVERGQJE. ...ttt et sttt be e b s e e s e ete e 319
HARMONICICLEAT ...ttt ettt etk et he e et e st e b e e e he e e ae e et e eeeeean 319
HARMONICIDISPIAY: TYPE ...ttt et h ettt e ne e bt e ebe e ettt e beeennes 319
HARMONIC:DISPIAY:USER..... ..ottt ettt et a ettt e eab e e te e e s e e e eaeeemeaeaseeenbeesneaenneas 320
HARMONICEXPOIEINAME ... .ttt b ettt ettt bt eebe e e bt e sareetee e 323
HARMONICEXPOIISAVE. ...ttt b et h ettt et e e s bt e bt e et et e e e e aneeeneeas 324
HARMOonic:FUNDamental: CURRENE?. ...ttt et e et e e et e e e ae e e e enneeeenes 320
HARMONIC:FUNDAMENTALTYPE.......oiiiiii ettt ettt et ae 320
HARMONIC:FUNDaMENLAlIUSER.........ooiiiiiiiit ettt e et e et e 321
HARMONICLIMItSICURRENT?. ...ttt ettt e ettt e s e e ae e et e e st e enbeesneaenneas 321
HARMONICLIMIESILOAD. ...ttt et ea ettt ae et e bttt eeeenes 321
HARMONICLIMItSINAME ...ttt et h ettt eab e et e st e bt e st e b e et e sneeeneeas 322
HARMONICILIMItSITYPE . ... .ottt ettt ettt ettt e et e e ae e e st e eabeebeeesseeeaeeeneaeaseeenbeeaneaenneas 322

HARMONIC:RESURSM>ICLIPDING ...ttt ettt ettt be e et aa 324
HARMONIC:RESUIKM>FRQMISSING? ..ottt 324
HARMONIC:RESUItSKM>:FUNDAMENTAI?....... .ottt e et e e e rae e e e eeeeeeenes 325
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude:MAXIMUM?..........cocciiiiiiiiiiieiie e 325
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude:MINIMUM?.........ccccoiiiiiiieiiieeee e 325
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude[: CURREeNt]?...........cccoiiiiiiiiiiiiiiceeen 325
HARMonic:RESult<m>:HARMONICS<N>:LIMCRECK?........coueiiiiiiiieiiee e 325
HARMonic:RESUlt<m>:HARMONICSSKN>ILIMIt?......o.uiiiiiiiiiiie et 326
HARMonic:RESult<m>:HARMONICS<N>:LIMVIiOIatioN?..........oiiiiiiiiie e 326
HARMOonic:RESUlt<m>:HARMONICSKN>IPHASE Y.ttt 327
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude:MAXIiMUM?.........ccccoiiiiiiiiiiiiiieeiee e 328
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude:MINimum?.. ..328
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude[:CURREN]?..........ceeriireiiiiieeiie e 328
HARMonic:RESult<m>:HARMOoNICS<N>[:FREQUENCY]?......ciiiiiiiiiieitiiaiee ittt 328
HARMONIC:RESUSM>:LIMVIOIAtION?......ee ettt ettt e et e e et e e e smee e e e saeeeeeneeaeanes 328
HARMONIC:RESUIKM>INOHAIMONICS ..ot e 329
HARMONIC:RESURSM>INORESUIES ...ttt et et e 329
HARMONIC:RESUKM>RMS:MAXIMUM? ...ttt ettt 329
HARMONIC:RESUKM>:RMS:MINIMUM ..ottt 329
HARMONIC:RESUt<KM>:RMS[:CURRENE]?.....cciiiiieeiiie ettt e et e e e e e e aeenbeeeannnes 329
HARMONIC:RESU<KM>THD:MAXIMUM? ...ttt ettt et ee s 330
HARMONIC:RESUSM>THD:IMINIMUM?. ..ottt sttt 330
HARMONIC:RESUt<KM>:THD[:CURRENE]?......oiiiiiiieie ettt ettt e e e a e eaaeeeenns 330
HARMONICISCALE. ...ttt ettt et e h et s et e ehe e et e e e st e e st e eae e e s e e enseeabeeeneeaneeenseenseeannas 322



HARMONIC S TATISHIC. .ttt ettt h e a bt e bt et e bt e e ab e e ehe e et e e ene e et e e abe e e bt e nnneebeeannas
HARMonic:THDType....

[ (OO 01 ] o OSSO USURPROPN
HCOPY:IMMEIALE. ...ttt h et h et ekt e et e e he e et e e bb e e bt e s se e e bt e enbeeaneeanne
HCOOPY:INVEISE. ...ttt ettt et et e et e et e e e e saee s
HCOPY:LANGUAGE. ...ttt ettt h e ettt ek e e et she e et e ket e bt e sbe e e beenareenteeanne
LOGGEIACLR ...ttt h et b et h et ekt e e h e e bt e e b bt e bt e ea bt e bt e e bt e bt e et nnaeene e
LOGGENCURSOICOUPIING. ...ttt ettt ettt ettt e e e e bt e e se e e eaeeembeeebeeenbeeeneeanseeenbeenseaaneaaas 368
LOGGer:CURSONRESURSNZIDELTA?......c ittt 368
LOGGENCURSOISCPLING. ...ttt ettt et b et he e et h e e bt e e he e e bt e et e e beeenbeenneeebeeanne
LOGGENCURSOISCREEN. ......eiieiiite ettt ettt ettt e e ettt e ekt e e ettt e e aate e e e aaseeeaabeeeeanbseeaanteeeeanseeeanneaeannes
LOG G CUR SO ST AT . ..ttt ettt h ettt e bt e e he e ettt et e ebe e e b e e naeeete e e
LOGGer:CURSor:TDELta?....
LOGGENCURSOITYPE..... .ottt ettt et e a et et e es e e e b e e eae e e st e ense e s e e enbeesneaenseeenseeneaanneas
LOGGErCURSOISM>IPOSIHIONT? ...ttt ettt et ettt ebe et er e aaees 369
LOGGer:CURSor<m>:RESURSN>[:AMPLITUAE]?......oviiiiiiie ettt e e s 368
LOGGer:MEASUrement<m>:ENABIEA?....... .. ettt e e e e 372
LOGGer:MEASurement<m>:RESult: CURRENISAMPI?........oooiiiieiiiiie e a e e 371
LOGGer:MEASurement<m>:RESult: MAXIimUM:POSIHION?..........ooiiiiiiiiiiiii e 371
LOGGer:MEASurement<m>:RESUIt:MAXIMUM:IVALUE?........ooiiiiiiiie ettt 371
LOGGer:-MEASurement<m>:RESUIEMEANT ... ..ot 372
LOGGer:MEASurement<m>:RESult:MINIiMUM:POSItION?........coiiiiiiiiiii et 371
LOGGer:MEASurement<m=>:RESUIt:MINIMUMIVALUE?......c.uiiiiiie ettt 372
LOGGer:-MEASUrement<m>:RESUIESTDDEV?.......ccoiiiiiiiiiaiieiie ettt 372
LOGGer:MEASUrement<mM>:SOURGCE?.......cc.uiiiiiitiiiiie ittt ettt ettt e sb et et eeaaee s 373
LOGGErMEASUremMENtKM>TYPE?. ... ettt ettt et e e ettt e e et e e e snee e e e nneeeeannes 373
LOGGer:RECording:STARt?.. ..370
LOGGENRECOIAING: TOTAI?. ...ttt ettt e e a ettt b e e bt e bt et e e bt et e e anbeesneeabeeanne 370
LOG G SLOTIACTIVE? ...ttt ettt ettt et h ettt e ettt et e e ehe e e s e e eaeeembeees e e e abeeemeeaseeenbeeaseaensaeeneeenneaaneas 373
LOG G SLOTICLERN ... ettt b ettt b e bttt ettt et et e e b e e naeeebe e 366
LOGGENSLOTICURRENL. ...ttt ettt ekt b e et e h ettt ettt e bt e ebe e et e enneebeeaaee s 366
LOGGENSLOT:EXPOIMINAME ...ttt ettt ettt e e st e e beeeae e e s e e eneeeebeeesneeeneeennaeneas 374
LOGGENSLOTIEXPOIMISAVE ... ..ottt ettt ekttt et nbeeaane e 374
LOGGEISLOTILOAD ...ttt h ettt h et h e et e e st e bt e eh bt e bt e et e et e e e nbeeeneeenteenees 366
LOGGEINSOURGCE. ...ttt ettt ettt et e e a et et e e ea et e bt e eh e e e st e easeemseees b e e abeeemseeneeenbeeabeaennaeeneeanneeaneas 365
LOGGENTIMEDASEISCALE.......ceiiiiiie ettt h ettt ettt et e st et eebeeaene e 366
LOGGETIMEDASEISRATE. ...ttt ettt h et h et e bt e bt e e hb e bt e et e e beeenbeenneeebeeanne 365
LOGGer:ZOOM:ENABIle
LOGGENZOOMIPOSIHIONT. ...ttt ettt b ettt ettt etk et nat et e et e nbeeaene e 370
LOGGEINZOOMISCALE. ...ttt ettt ettt ekttt e eh e et e e st e bt e ehe e e bt e et e e be e nb e e eneeenteenees 369
LOGIC:CHANRNEISMSIDESKEW. ...ttt ittt ettt ettt ettt et e et e e bt e es e e e sbeeeaeeaseeenbeeebeeannaeeneeenneeneas 423
LOGIC:GROUPSMZIHY STOIESIS. ...eeeiuiiieeiiie e etieeeeiee e et e e st e e st e e e steeessteeesnsteeessseeeaasseeeasaeeesnsaeeesnseeeennnenns 423
LOGIC:GROUP<MZITECHNOIOGY . ...ttt ettt ettt et ettt e s et e e e e beeaneeean 421
LOGIC:GROUP<M>ITHRESNOIA?. ...ttt ettt e et et e e e et e et e enee e 422
LOGIC:GROUPSMZIUSER. ...t b ettt ettt et nat ettt e b e e sane e 422
[0 To S I TSRS PPPOR 421
LOGIC THCOUPIING. ...ttt ettt sttt b e bt e st e e bt e et e e s b e e et e e saneeae e 421
MASK:CHANRNEISKM>ICREGIEMASK. ...ttt ettt ettt eb e 301
MASK:CHANRNEI<KM>:PROPErES: XWIDEN. ...ttt 300
MASK:CHANRNeI<M>:PROPErES: YWIDEN. ... ..ottt 301



MASK:CHANRNel<m>:RESUIt:FAIL:PERCENIAGE?. .....cctiiiiiiiie ittt 302
MASK:CHANnel<m>:RESult:FAIL[: COUNt]?.......... ..302
MASK:CHANRNel<m>:RESUIt:PASS:PERCENTAGE?........oiiiiiiie ittt 303
MASK:CHANRNel<m>:RESUItIPASS[ICOUNL? ...ttt 303
MASK:CHANNel<m>:RESUIt: TOTLECOUNL]? ..ottt n 303
MASK:CHANRNEISMS IS T AT ..ttt b et ae ettt et sae e et e b e aaee e 300
MASKIELAPSEAIMEI TOTAI?. ..ottt h et h etk e bt e ehe et eeenb e e beeaneeeas 303
MASKELAPSEAME[:SECS]?. .. ittt ettt ettt et e et e et e e e sb e e ebeeesee e st e enbeeateaenseeeneeennaeaneas 304
MASK:ONVIOIatioN[:SELECHON]......eiiiiiieeiiie ettt ettt e e e et e e s e e e snseeeessseeeeasaeaeesneaesnseeeennnenas 301
LS ] S 2 PSSP P TSR PPPO 302
A S K T E S T SAE] 2. ..ottt ettt ettt et eehe e et e e eaeeeseeesb e e beeemseeseeenbeeeseeenseeenneeneeanns 302
MEASUrEMENTSKMSIAOFF ...ttt ettt ettt ettt et e e e e eene e e
MEASurement<m>:DELay:SLOPe... .
MEASUremMENt<KM>IENABIE. .....cooiii ettt ettt ettt e e et e e e ate e e e aaee e e e aeeeaanbeeeeanbeeeanbeeeannnes
MEASUrement<m>:RESUIIACTUAI?.......coiiiiii ettt 289
MEASUrement<m>:RESUIILIMIE?......oii ettt 289
MEASUrEeMENTKM>ISOURCE. ... ueiieeieiie ettt e e e e ettt e e sast e e e aaae e e e asaeeeabaeeeanseeaeanseeaeanneeas 288
MEASUIrEMENTSKMSITYPE . ...ttt ettt ettt et e et e nbeeaane e 288
METer:CONFIQUrE:CAPACIHANCE. .......coiuiiiiieiiit ettt e b e h ettt et et e e nneeeaeeeneas 332

METer:CONFigure:CONTinuity
METer:CONFigure:CURRent:AC

METer:CONFIgure:CURRENEDC..........oiiii ittt ettt ettt et e
METEer:CONFIGUrEIDIODE. ...ttt ettt ettt
METer:CONFiIgure:FREQUENCY...........coiiiiiiiieiieee st
METer:CONFIQUrEIRESISIANCE. ........uiiitiiiiie ittt ettt e e
METer:CONFIgUre: TEMPEIAtUIE........cc.ooiiiii et
METer:CONFigure:VALue?..........

METEer:CONFIQUrE:VOLTAGEIAC ...ttt ettt b e ettt e et e bt et e st e e e anee s
METer:CONFIgure:VOLTAagE:DC...... ..ottt
METerMEASUIE:CAPACIHANCE?........c.eiiiiieieeie et 344
METErMEASUIE:CONTINUILY 2.ttt ettt ea ettt b e e bt ebe e e e e et e e e e sb e e b e saeeenees 343
METErMEASUIE:CURRENEACT ...ttt bbbttt ettt eae e ens 344
METer:MEASUre:CURRENEDC?.......oiiieiiiie ittt ettt 344
METEIRMEASUIEIDIODE?.......ce ettt ettt b e et h ettt e bt e bt e e he e et eeabe e beeenbeenneeebeeanee 343
METerMEASUre:FREQUENCY?......oo ettt ettt ettt e e et e e e st e e e e aa e e e aasaeeeenseeaesnneeaanneeeas 343
METerMEASUIE:RESISTANCET? ...t e 344
METErMEASUIE: TEMPEIATUIE Y.ttt ettt e et ettt e e ene e et e e snae e 343
METer:MEASure:VOLTage:AC?...

METerMEASUIe:VOLTAGEIDC? ..o 344
METer:SENSe:CAPACHANCEINULLISTATE. .. ..ottt ettt 338
METer:SENSe:CAPACItAaNCEINULL:VALUE. .......oiiiii ittt e et e e e e e e e e e e aneeeeanes 339
METer:SENSe:CAPacitanCce:RANGEIAUTO........coiiiiiiiie e 336
METer:SENSe:CAPaCtanCe:RANGEIUPPET........cc.oiiiiiii it 334
METer:SENSE:CURRENEACINULLISTATE. ...ttt 338

METer:SENSe:CURRent:AC:NULL:VALue
METer:SENSe:CURRent:AC:RANGe:AUTO

METer:SENSe:CURRENEACIRANGEIUPPET ...ttt 334
METerSENSE:CURREN D CINULLISTATE. ..ottt ettt neesneeeesneeeeanes 338
METer:SENSe:CURRENEDCINULLIVALUE. ......oitiiiiiitieitet ettt ettt 339
METer:SENSe:CURRENt:DC:RANGEIAUTO. ....ouiiiiiieii ettt ettt e e e eeeenee s 336



METer:SENSe:CURRENt:DCIRANGEIUPPET........coiiiiiiiiiiiiie e
METer:SENSe:FREQuency:VOLTage:RANGe:AUTO

METer:SENSe:FREQuency:VOLTage:RANGE:UPPET ...t 335
METEIRSENSEIFUNCHION. ...ttt b e h e bt et et e et e b et et e eneeebeeanee s 341
METer:SENSe:RESIStaNCEeINULLISTATE. ... .ot 338
METer:SENSe:RESIStanCe:NULLIVALUE. ........c.oociiiii e 340
METer:SENSe:RESIStanCe:RANGEIAUTO.......uuiiiiiiiieiie ettt 336
METer:SENSe:RESIStanCce:RANGEIUPPET.........cooiii e 335
METer:SENSe: TEMPEratureINULLISTATE. ..ottt 338
METer:SENSe: TEMPEratureINULLIVALUE. ........oouiiiii ettt 340
METer:SENSe:TEMPerature: TRANSAUCIOr:RTD:TYPE........oooiiiiiii e 338
METer:SENSe:VOLTage:AC:INULLISTATE......cciiiiii e e
METer:SENSe:VOLTage:AC:NULL:VALue......

METer:SENSe:VOLTage:AC:RANGe:AUTO

METer:SENSe:VOLTage:AC:RANGEIUPPET........cooiiieeie ettt et e e e snaee e snnaeeenes 335
METer:SENSe:VOLTAge:DCINULLISTATE. ...ttt ettt et e 338
METer:SENSe:VOLTage:DC:INULLIVALUE. ..ottt 339
METer:SENSe:VOLTage:DC:RANGEIAUTO........cciiiiiiiiieiee e 336
METer:SENSe:VOLTage:DC:RANGEIUPPET.........cciiiiiiie it 335
METer:UNIT:-TEMPerature .
METEr<MSIABORI. ...ttt ettt h ettt e bt e bt e e bt ettt et e b e e e an et
METEr<MSIABORL. ...ttt ettt b e e a e e e h et e bt e e b bt e bt e ehe e e bt e et e e be e e bt e nneeebe e
METer<m>:CALCulate:AVERAGEIAVERAGE?........ooiiiiiiiieiiieie e 345
METer<m>:CALCulate:AVERAGEIAVERAGE?.........oiiiiiiieiie ittt e 357
METer<m>:CALCulate:AVERAGEICLEAN..........cciiiiiiii et 346
METer<m>:CALCulate:AVERAGEICLEAN..........cciiiiii e 358
METer<m>:CALCulate:AVERAGEIMAXIMUM?......oouiiiiiiiii ittt 358
METer<m>:CALCulate:AVERaAGE:MINIMUM?.....o.oiiiiiiiii e 345
METer<m>:CALCulate:AVERAGEIMINIMUM? ...ttt 357
METer<m>:CONFIgUre:CURRENEIAC ...ttt ettt et e 348
METer<m>:CONFigure:CURRENEDC.........ooiiiii e 348
METer<m>:CONFIGUIEIVALUE?........oii ittt ettt be e 354
METer<m>:CONFIQUre:VOLTAGEIAC ... .ottt ettt ettt ettt st e e beesiee e 349
METer<m>:CONFigure:VOLTage:DC.........ccoiiiiiiiiiiie et 349
METEr<m>IFETCRN? ... st sr e e 343
[ | = =Y R gt o = O 3 RSO SOPTSPPPPP 355
METEr<m>IINITIAEE ...ttt ettt b e ne e 342
METEr<mM>:INITIAEE. ...t e e e ens 355
METer<m>:MEASUIE:CURRENEAC?... ..ottt ettt et e e nae e e e e 356
METer<m>:MEASUIe:CURRENEDC 7.ttt et e et e e e s e e e enb e e e enneeeesnnneeanes 356
METer<m>:MEASUIE:VOLTAGEIAC?....cc it eetiee et ettt e e e et e e e nte e e snneeeessseeeeasaeeeasaeeesnsaeeesnnenennnneens 356
METer<m>:MEASUIe:VOLTAGEIDC?. ...ttt ettt et be et e et e anee e 356
METEISMSIREAD?. ..ttt h et h e e b e b e b e b et b e bt he et nae et e naeenee e 342
METer<m>:READ?.....cccoiiiiiiiiiiieeeee ...355
METer<m>:SENSe:CURRENEACICOUPIING.....cuutiiiiitieitie ettt 337
METer<m>:SENSe:CURRENtACICOUPIING.......coitiiiiiiiieitiieie ettt 350
METer<m>:SENSe:CURRENtACINULLISTATE. ..o 352
METer<m>:SENSe:CURRENEACINULLIVALUE. .......ooiiiiiiiiiiie ittt 352
METer<m>:SENSe:CURRENt:AC:RANGEIUPPET..........oiiiiiiiii e 349



METer<m>:SENSe:CURRENtDCINULLISTATE. ...c..iiiitiiiii ittt 352
METer<m>:SENSe:CURRent:DC:NULL:VALue

METer<m>:SENSe:CURREeNt:DCIRANGEIUPPET ..ot 349
METer<m>:SENSEIFUNCHION. ...ttt ettt ettt et sae et e et eebeesnae e 353
METEr<m>:SENSEINULLISTATE. ... ittt ettt ettt e et e et e et e e eaeeeseeeaseeebeeenseesneeeneeanns 339
METer<m>:SENSEINULLISTATE. ...ttt ettt sttt e b e e ene e 352
METer<m>:SENSEINULLIVALU........oiiiiii ettt ettt eb et e et s 340
METer<m>:SENSEINULLIVALU........ooiiii ettt ettt et e et e et e e et e e aneeenseeeneeaseaaneeas 353
METEr<m>:SENSEIRANGE........coiiiiiiite ettt ettt ettt e s b naeeete e 348
METer<m>:SENSE RELAIVEISTATE. ...ttt ettt et e sae e 339
METer<m>:SENSEIRELAIIVEISTATE. ...ttt bbbttt ens 352
METEr<m>:SENSEISOURCE. ... ..ottt ettt ettt ettt beeaene e 347
ME T IS M IS EN S S T AT . ettt h ettt e h ettt e b e e bt e e ae et e et eenbeeaneeeas 347
METer<m>:SENSe:VOLTage:AC:COUPIING.......ccciiiiiiiiiii ittt e 337
METer<m>:SENSe:VOLTage:AC:COUPING.......cutiiiiitieiii ettt 350
METer<m>:SENSe:VOLTAge ACINULLISTATE. ...ooiiiii ittt 352
METer<m>:SENSe:VOLTage:AC:INULLIVALUE. ..ottt e 352
METer<m>:SENSe:VOLTage:AC:RANGEIUPPET..........ooiiiiiiiii e 350
METer<m>:SENSe:VOLTage:DCINULLISTATE. .....eiiiiiiii ittt 352

METer<m>:SENSe:VOLTage:DC:NULL:VALue
METer<m>:SENSe:VOLTage:DC:RANGe:UPPer.

METer<m>:TRIGGEIMODE ... ...ttt b et e bt e et e e bt e e bt e sae e et e aneeebeeaneeanee
METer<m>:TRIGGEINMODE...........oi ittt ettt ae et e e ine e
MMEMOry:CATaIOGILENGENT. ... e 435
LYY 1 =Y LoV ©F N = o T I PRSP P TS PPPOI 434
MMEMOTY:CDIRECIONY........iiiiei ettt ettt ettt ettt e e be e 432
MMEMory:COPY...

IMIMEMOTY:DATA. ettt ettt h et h e i e b ekt e bbbtk e e et e e e st e e e nneenee e
MMEMOrY:DCATAIOGILENGEN?. ...ttt sb ettt ee s 434
MMEMOIY:DCATAIOG?. ...t e e e e e sae e e e eneeee e 433
IMIMEMOTYIDELETE. ...ttt e e h et et e et e et e e et e e eaae e e e anneeeeae 436
MMEMOTY:MDIRECIOTY ...ttt ettt ettt b et e e beeeane s 432
MMEMOIY:MOVE ...t e et r e e e e e e e e ne e e e e ee e 435
IMIMEMOTY:INAME ...ttt r et h ettt et et et et et e sa e et e eb et e b e e e beeaee e 430
IMIMEIMOTYIRCL ..ttt et h et b et b et b e ettt et et e e et e e nneens 431
MMEMOTY:RDIRECIOTY ...ttt e e e e e e e 433
IMIMEIMOTY:SAV ...ttt ettt ettt h et h et b ettt ettt ettt e e 431
OP[:MODE]

OP[:MODE]

P O D S T AT ettt h e E et ettt ettt ene e es 424
REFCUNVEIDELELE. ...ttt ettt 296
REFCUINVEINAME . ... et e e e e e ene e e e s e e 296
REFCUINVEIOPEN. ...ttt b ettt ettt ettt et st e bt e b e es 296
REFCUINVEIPOSHION. ...ttt bbbt ettt b ettt et bt et e bt e e b ees 296
REFCurve:SAVE

REFCurve:SOURce

REF CUNVE ST AT ettt ettt bt et bbbt b et h e et bt et e et e et nb e et e ebeen e e ane e es 296
REFCUNVEIUPDALE. ...ttt 295
RUN ettt bt h e st e b e s e bt et et e et et e e h e et e e h e et eh e e bt et been et et e 258
SPECtrum:CURSOIr<mM>:COUPIING. .....cooiiiiiiiiii ittt st 312



SPECtrum:CURSO0or<m=>:FREQUENCY:DELTAY.......ccoiiiiiiiiiieitcee e 313
SPECtrum:CURSor<m>:FREQuency[:VALue]
SPECtrum:CURSOr<m>:LEVEEDELTA?.....coiiiiiieiii ettt 313
SPECtrumM:CURSOIr<M>:LEVEI[:VALUE]?.... .ottt ettt e e e e enae e e snnaeens 313
SPECtrum:CURSOIr<M>:SCPLING. .....ciitiiiiie ittt
SPECHUM:CURSOISM>ISCREEN. ......ciitiiiiieiie ittt ettt ettt et e e e naeeene e
SPECtrUmM:CURSOIKM>ISOURCE. .....cetiiiiiii ittt ettt ettt e eae e e
SPECHUM:CUR S OISM> IS T AT . ..ttt ettt e e e e ettt e e e ae e e e e aaae e e e taeeeabeeeeannteeesnseeaenneeeas
SPECHUMIEXPOITINCXVAIUES. ...ttt ettt sb et eb e s
SPECHUMIEXPOIEINAME . .. ...ttt ettt h et ekt e bt ehb e et e et e e b e e e b e e eneeaabeeneas
SPECHUMIEXPOIESAVE . ...ttt ettt e e bt et e e e st e e beeeseeesbeeeneeanseeenbeeebeeannaaas
SPECtrum:FREQuUeNncy:AVERAGEICOUNTL. ... e
SPECtrum:FREQuency:BANDwidth[:RESolution]:AUTO
SPECtrum:FREQuency:BANDwidth[:RESolution]:RATio

SPECtrum:FREQuency:BANDwidth[:RESOIUtiON][:VALUE].........ooiiiiiiiiiiiiieee e 305
SPECHtUMIFREQUENCYICENTEN ...ttt ettt 305
SPECtrum:FREQUENCY:FULLSPAN......couiiiiii ittt 309
SPECtrum:FREQUENCY:HORIZONTAI:SCALE. ... ..oiiiiiiiiiie ettt 305
SPECtrum:FREQuency:MAGNitude:REFErenCe[:-VALUE].........cc.oiiiiiiiiiii ittt 309
SPECtrum:FREQuency:MAGNitude:SCALe

SPECtrum:FREQUENCY:POSIION. ......ciiiiiiiiii ittt
SPECHtrUM:FREQUENCYIRESEL ...ttt
SPECtrUM:FREQUENCY:SAMPIE? ...ttt ettt ettt e et e e et e et e et e e b e e eaeeenseeeneeebeaaneaanns 306
SPECHUMIFREQUENCY:SCALE. ...ttt bttt ettt sttt et beesene e 310
SPECtrum:FREQUENCY:SPAN:MODE........c.ooiiiiiiiiie e e e 306
SPECtrum:FREQUENCY:SPAN[VALUE].......eieiiieit ettt ettt e et eeee et e e e e e sneeeneeenes 306
SPECtrum:FREQuency:STARt
SPECHUMIFREQUENCYISTOP.......iiiiiiiitiet ettt ettt
SPECtrum:FREQUENCY:WINDOW:IFACTOI?.......eiiiieiie ettt 307
SPECtrum:FREQUENCY:WINDOW:TYPE.... ..ottt 307
SPECHUMIMARKEICOUNTL. ...ttt ettt h ettt e et e bt e e b et e bt e eabe e beeenbeesneeanneennee 314
SPECHUMIMARKENRCOUNE? ...ttt ettt et et e e et e et e e se e e b e e eaeeenseeeneeebeeaneaanns 316
SPECtrum:MARKer:RESult<m>:FREQUENCY:DELTA?.......cciiiiiiiiiiiic e 316
SPECtrum:MARKer:RESult<m>:FREQUENCY[:VALUE]?. ..ottt 316
SPECtrum:MARKer:RESUR<M>:LEVEIDELTAY.......iiiiiiiieiie ettt 317
SPECtrum:MARKerRESURSKM>ILEVEI[:VALUE]?....cceeiieeiie ettt snae e aeeneeeennes 317
SPECtrum:MARKer:RMARKErFREQUENCY?.......c.eiiiiiiiieiieite ettt 317
SPECtrUmM:MARKENRMARKEIVALUEB? ...ttt ettt ettt ettt e et eeeae et e et eebeeaneaeas 318
SPECHrUM:MARKENSETUDP:DISTANCE. ...ciiitiie ittt iee e et e e st e e et ee e et e e e st e e e snseeeennseeeaneeeeannes 315
SPECtrUM:MARKENSETUP:EXCUISION.......oiiitiie it eeeie ettt e e et sa e e et e e e etae e e st e e e ensaeeesnseeeeanneeas 315
SPECtrum:MARKENSETUPIMLEVEL. ..ottt enes 315
SPECHUMIMARKEISOURGCE. ...ttt ettt et h ettt et et e nne e 315
SPECHUMIMARKEI I STATE] ..ttt ettt ettt ettt ettt e e e e e et e e et e e e saat e e e ssaeeeeasaeeessseeesnsseeesnsseennnneens 314
SPECHUMIMODE?......o ettt ettt e h ettt e e st e bt e e he e e s e e eaee e bt e esbeeabeeemseaseeenbeeabeaensaeaneeenneaaneas 308
SPECtrum:SOURCE........cccveiriiiiieieiiieiiee ...304
SPECtrum:WAVeform:AVERAGE[IENABIE]..........ooiiiiiiiiii et 310
SPECtrum:WAVeform:MAXIMUM[EENABIE].......ccuiiii e 311
SPECtrum:WAVeform:MINIiMUM[ENABIE].......cciiiieiiie ettt e s e e e eeeneeaesnneeeennes 311
SPECtrum:WAVeform:SPECHTUMIENABIE]..........oiiiiii ettt e e e e e enaeaeenes 311
S 1O USSP PO R PR 259



SYSTem:COMMUNICAte:WLANIMODE..........coiiiiiiiet ettt 438
SYSTem:DATE..
SYSTEMITIME ...t et e e e e r e e e e ee e e e e e e nesme e e e sneeee e

TIMebase:HORIZONtAIPOSIHION. .......coviiiiiiii ittt 257
TIMEDASEIRANGE. ...ttt ettt ettt bt et be e e e be e 257
TIMEDASEIREFEIENCE. ..o 258
TIMEDASEISCALE. ...ttt ettt h et h ettt ettt e et 257
TRIGGEMCAN:ACKEITO . ...ttt h ettt ae e bt et e bt et e e i e eesaeeeaes 402
TRIGGEI CAN:BITSIEITON. ...ttt ettt e b et et e et et e bt e b e s e eneees 402
AL Te =T 07 A H 0 {0 =Y o T ST PP PR PSOPPNE 402
TRIGGEICANIDATA ettt bbbt b e et b et b e et e eh e e h e bt eh e eb e es e e bt eseetenaeennens 403
TRIGGEr:CANIDCONUILION. ... et re e eneeneeane e 403
TRIGger:CAN:FORMerror.
TRIGGEICANIFTYPE. ...ttt h e b ettt a et ea et e h e et e e bt e bt et e beenn e beeneenteens

TRIGGErCANICONIION. ... e ne s

TRIGGEMCAN:IDENLIEI. ...ttt ettt ehe et e e bt e bt e sbeenneeenteeaneeanne

TRIGGEI CANITY P .ttt bt b bbbt b e bt et b e et bt et e nae e e e nneeneea

TRIGGEIRCANITYPE. ...t n e e e e s

TRIGQEr:DATAtOCIOCKICONDIION. ...ttt ettt b ettt e b e e e enees 279
TRIGger:DATatoclock:CSOurce:EDGE..... ...279
TRIGger:DATatocloCKk:CSOUICE[IVALUE]......oitiiiie ittt 279
TRIGger:DATatocloCk:DSOUICE[IVALUE]. ..ottt ettt e e 279
TRIGGEr:DATAtOCIOCK HTIME. ...ttt 280
TRIGGErDATAOCIOCK I STIME. ...ttt ettt eb et eareentee e 280
TRIGGEIREDGEISLOPE. ...ttt ettt h ettt b et b et e bt e ab e et esne e e bt e eabeetee s

TRIGGErEXTErNAILEVEL. .. ..o et

TRIGger:EXTernal:SLOPe
TRIGGEN GLITCRIPOLAIY. ...ttt h ettt et b et e e he e bt e sbeeebeesnaeaneee s
TRIGGENGLITCRIRANGE. ...ttt bttt sa et b e b e sb et e b s et e e s
TRIGGENGLITCRIWIDTR. ...
TRIGger:HOLDoff:EVENts
TRIGGEIRHOLDOMIMAX ...ttt ettt s et e a et ebe b b ettt e e e beeneente e
TRIGGErHOLDOMIMIN. ...ttt
TRIGGErHOLDOF:IMODE...... ..ottt bttt et e bt et e ae et e et e e beeenaeeneee s
TRIGGENHOLDOMTIME. ...ttt bbbttt ettt ettt et sa et sa e e b aieens
TRIGGETIZ2C:ACCESS. ...ttt ettt et e h e h et e et ettt e bt e bt e et e enhe e et e ebe e e bt e naneeneee s
TRIGGEII2CACONIION. ...ttt h et e e a e b e e e bt e b e et e e eneeebeesneeennes
TRIGger:12C:ADDRess....
TRIGGETIZ2CADNECK. ...ttt ettt a e bttt et e et e bt e et e nae e et e eae e e beenaneeneee s
TRIGGEIIZCDAT A . ettt h et e a ekt e e R bt e bt e e e bt et eea bt e ehe e e a bt e eab e e beeshb e e bt e anteeneas
TRIGGErI2C:DCONGIION. ...ttt ettt ea et b e bbb eene e beene et eas
TRIGGEII2C:DPOSIION. ...t e e ene e e
TRIGGEII2CDRINGCK. ...ttt h et h ettt e ekt e e ehe e et e e sb e e bt e enbeesneeenbeeateeanne
TRIGGETI2CDWVINGCK. .......eeeiiiii ittt ettt ettt b et sttt sbe e et eesan e
TRIGger:I12C:MODE............
TRIGGENINTEIVAIDELT . ...ttt h ettt st e bt e e e e e eae e et e bt e e bt e aneeeneee s

TRIGGErINTErVAMAXWILN . ...ttt 284
TRIGGErINTErval:MINWIALN. ..o e 283
TRIGGENINTEINVAIIRANGE. ...ttt b et h et et e sb e e ebeeenbeenneeenbeenteeanne 283
TRIGGErINTEIVAISLOPE. ...ttt 282




TRIGGENINTEINVAIWIDTR . ...ttt h e bttt ettt e bt e ne e e bt et e e bt e e b e sneeennee s 283
TRIGger:LEVel<m>:RUNT:LOWer... .
TRIGErLEVEISM> RUNTIUPPET ... e 275
TRIGGENLEVEISMSISLEW:ILOWVET ... oottt ettt ettt e abe e e e beennee e 277
TRIGGErLEVEISMSISLEW:IUPPET ...ttt 277
TRIGGENLEVEISMSIVALUE. ... e et 262
TRIGGEr:LEVEIKM>WINDOW:LOWET........ciiiiiiiteiee ittt ettt ettt be e e ente e e ens 284
TRIGGer:LEVel<m>:WINDOW:UPPET.........coiiiiiiiii et 284
TRIGGEILINICHKSEITON ...ttt ettt ettt b et e nae e et e et e e b e e s e eneees

TRIGGELIN D AT A ettt bttt e a ekt e e h bt e bt e e e bt e bt e e bt e ehe e e a bt e eab e e beesnbeenbeesnteeneas

TRIGger:LIN:DCONdition
TRIGGELIN:ICONGItION. ... e ne s
TRIGger:LIN:IDENtifier....
TRIGGEILINIIPERION. ...ttt e et sttt e e sb e et e e e teesene e
TRIGGEILINISYERTON . ...ttt ettt a ettt et b et ae et e e e e bt e naneeneee s
TRIGGELINITYPE. ... ettt h et h e bt ekt e e eh bt e bt e e h bt e bt e e st e e nneeenbeeaneeanne
TRIGGENMNR ...ttt ettt h et h ettt et e et e s b e e et e e s e e et e e s ba e e b e e saee s
TRIGGEFMODE ... .ot e ettt e e s ae e e e s me e e e as e e e e e r e et eere e e e ereeneeeneens
TRIGGer:PATTern:STATEICOMBINGALION. ......coiuieiiiiiie ittt ettt ebeesnee e
TRIGger:PATTern:STATe[:CHANnel<m>]....
TRIGGer:PATTErn: TIMEOUL[:TIME]........utiiii ittt ettt sttt
TRIGGENPATTEIMNIWIDTRIDELTA. ...t ittt ettt et e e be et e et e e nbeesaeeaneeeas
TRIGer:PATTern:WIDTh:MAXWIAL. ......coiiii e e
TRIGger:PATTern:WIDTh:MINWIAth. ..o s
TRIGGErPATTErN:WIDTHRIRANGE. ..ottt ettt ettt b et e et enbeente e
TRIGGEr:PATTErN:WIDTOLWIDTR]. ..ttt ettt ettt ne e
TRIGger:RUNT:DELTa
TRIGGERRUNTIMAXWIAL. ...ttt
TRIGGERRUNTIMINWIGLN. ...ttt b ettt ettt ee
TRIGGENRUNTIPOLAITY.......etetee ittt ettt nae et e et b e et e e b e et e e nte e
TRIGENRUNTIRANGE. ...ttt ettt et b e b e ehe e e bt e e st e bt e e nb e e eaeeebeeeneeens
TRIGGEFRUNTIWIDTR. ..ottt b e bbb et et e bt et naeeneens
TRIGGENSLEWIDELTA. ... e s re e e e e nas
TRIGGENSLEWIMAXWIALN. ...ttt ettt ettt e e beesnee s
TRIGGENSLEWIMINWIGLN. .....eeii ettt ettt ene e e
TRIGGENSLEWIRANGE. ...t et et sn e
TRIGGENSLEWIRATE . ..ottt h ettt a bt bt e ab e e bt et e et e e beeanaeeneee s
TRIGger:SLEW:SLOPe...
TRIGGEIRSOURGE. ...ttt bttt ettt b e bttt ettt e bt e eb et e st e e e et et e e s ae e e beenaneeeees
TRIGQer:SPATIErN:CSOUICEIEDGE........coouiiiiiiiii ettt
TRIGger:SPATtern:CSOUrCe:FIRSIEAGE. .....cc.oiiiiii e
TRIGGEr:SPATIErN:CSOUICE[:VALUE]. ....cueiiiii ittt
TRIGGEr:SPATErN:DSOUICE[:VALUE]. ...ttt ettt ettt
TRIGGErSPATIEINIORDET ...ttt ettt ettt
TRIGger:SPATtern:PATTern.. .
TRIGGEISP LD AT A ettt h e bt a bt ettt e bt e e bt e e bt e eae e et e e en bt e bt e enb e e aneeebeeaneeens
TRIGGENSPEDCONIION. ...ttt b et ettt ettt er e et e b nnes
TRIGGEMSPEDPOSHION. ... e e e e
TRIGGENSPIDSRC ... .ttt ettt bttt e h e b e bt e bt e ehe e e bt e ehb e e ebeeenbeenneeebeeaneeanne
TRIGGEMSPEMODE. ...ttt b e bbbt b ettt ettt et nb e ae e b e ie e b eneens




TRIGGENSTATEICHANNEISMS ...ttt b ettt et et e bt e nb e e b e ebeeaneeens 274
TRIGger:STATe:COMBination
TRIGGErSTATE:CSOUICEIEDGE.......ooiiiiiiii ettt et eees 274
TRIGGErSTATEICSOUICE[:VALUE]. ...ttt ettt ettt ettt e et e et 274
TRIGGErTIMEOULIRANGE. ...ttt ettt ettt 282
TRIGGENTIMEOULTIME . ... e e e re e ane e 282
TRIGGErTV:CUSTOMILDURGON. ..ottt et b et 270
TRIGGer:TV:CUSTOMISCANMOUE.......coouiiiiiiiii ettt ettt e e 270
TRIGGErTV:CUSTOMISDURAGHON. ......eeiiiiiiiiieiiiete ettt ettt 270
TRIGGEN TV CUSTOMISTYPE.. ..ttt ettt e b et e bttt et e e e e naeeeeee s 269
TRIGGENTVILFIIA. ...ttt b et b ek e bt bt et bttt nae e naeenee s

TRIGGERTVILINE ...t s e e e n e e e e e e e e ene e

TRIGger:TV:MODE...
TRIGGENTVIPOLAIY. ...ttt et sttt st b et e bt e be e as
TRIGGENTVISTANAI. ...ttt ettt ettt b et nae e et e et e bt e et e e naeeeteeaeeeeas
TRIGGENTYPE. ..ottt et ea e bt a ke ke e bt e bt e bt e eab e e b e e en bt e ebe e enbeeeneeebeeanneeas
TRIGGEFRUARTIDATA ettt bt a e bt ettt h et h et e bt et e e bt et e bt e et et seeteeneeneas
TRIGGErUARTIDCONUILION. ... st
TRIGGEFRUART I TYPE. ..ottt bttt ekt h et h et e bt e bt e e e bt e eae e et e e e bbeebeesneeenneas
TRIGger:WIDTh:DELTa...
TRIGGERWIDTRIMAX ... ettt e e e e e ene e ens
TRIGGEFRWIDTRIMIN . ...ttt h e bt e e a et ettt e et e bt e e ae e e bt e et e e bt e e beeaaaeaneeean
TRIGGENWIDTRIPOLAIIY. ...ttt bbbttt sb ettt et e e s
TRIGGERWIDTRIRANGE. ...ttt sneeneea
TRIGGENRWIDTRIWIDTR. ..ot ettt b et n et
TRIGGENWINDOWIDELTA. ...ttt sttt e et e
TRIGger:WINDow:MAXWidth....
TRIGGErWINDOWIMINWIGLN. ...ttt bt estee e
TRIGGErWINDOWIRANGE. ......oiiiiii ettt ettt sttt
TRIGGERWINDOW:TIME ...t e e e e eneeane e
TRIGGENWINDOWIWID TR ...ttt ettt ekt e he et e st e bt e e s e e b e enbeeaneeens
ZOOMENABIE. ...ttt b et h et h et bR bR b ket h et h et na e nae e
ZOOM:POSIION. ...ttt ettt e e e e se e e e r e e r e e e e e e en e e
ZOOMESCALE. ...ttt ettt h et h e bt h e et e ettt h et a et e




	Cover
	Safety Instructions and General Information
	Basic Safety Instructions
	Instrucciones de seguridad elementales
	Grundlegende Sicherheitshinweise

	Consignes de sécurité fondamentales
	Safety instructions for rechargeable lithium ion 
batteries
	Customer Support

	Contents
	1 Getting Started
	1.1 Preface
	1.1.1 Key Features
	1.1.2 Input Isolation
	1.1.3 Measurement Categories
	1.1.4 Documentation Overview

	1.2 Preparing for Use
	1.2.1 Unpacking the Instrument
	1.2.2 Inserting and Charging the Battery
	1.2.3 Powering On/Off
	1.2.4 Using the Tilt Stand
	1.2.5 EMI Suppression

	1.3 Instrument Tour
	1.3.1 Front View
	1.3.2 Top View
	1.3.3 Right View
	1.3.4 Left View
	1.3.5 Rear View
	1.3.6 Display Overview

	1.4 Operating Basics
	1.4.1 Accessing the Functionality
	1.4.1.1 Using the Touchscreen
	1.4.1.2 Using the Navigation Wheel
	1.4.1.3 Using Front Panel Keys

	1.4.2 Selecting the Mode
	1.4.3 Displaying an Unknown Signal
	1.4.4 Getting Information and Help
	1.4.4.1 Displaying Help
	1.4.4.2 Using the Help Window


	1.5 Maintenance
	1.5.1 Cleaning
	1.5.2 Data Storage and Security
	1.5.3 Storing and Packing


	2 Waveform Setup
	2.1 Connecting Probes
	2.2 Vertical Setup
	2.2.1 Vertical Settings
	2.2.2 Effect of the Bandwidth Filter

	2.3 Horizontal Setup
	2.4 Acquisition Control
	2.5 Trigger
	2.5.1 General Trigger Settings
	2.5.2 Edge Trigger
	2.5.3 Glitch Trigger
	2.5.4 Width Trigger
	2.5.5 Video/TV Trigger
	2.5.5.1 Standard TV Trigger Settings
	2.5.5.2 Settings for Custom Video Signals (R&S RTH-K19)

	2.5.6 External Trigger (R&S RTH1002)
	2.5.7 Pattern Trigger (R&S RTH-K19)
	2.5.8 State Trigger (R&S RTH-K19)
	2.5.9 Runt Trigger (R&S RTH-K19)
	2.5.10 Slew Rate Trigger (R&S RTH-K19)
	2.5.11 Data2Clock Trigger (R&S RTH-K19)
	2.5.12 Serial Pattern Trigger (R&S RTH-K19)
	2.5.12.1 Pattern Definition
	2.5.12.2 Serial Pattern Trigger Settings

	2.5.13 Timeout Trigger (R&S RTH-K19)
	2.5.14 Interval Trigger (R&S RTH-K19)
	2.5.15 Window Trigger (R&S RTH-K19)
	2.5.16 Protocol Trigger (R&S RTH-K1, R&S RTH-K2 and R&S RTH-K3)


	3 Waveform Analysis
	3.1 Zoom
	3.2 Automatic Measurements
	3.2.1 Performing Automatic Measurements
	3.2.2 Measurement Results
	3.2.3 Measurement Types
	3.2.3.1 Time Measurements
	3.2.3.2 Amplitude Measurements
	3.2.3.3 Counting
	3.2.3.4 Power Measurements

	3.2.4 Measurement Settings

	3.3 Cursor Measurements
	3.3.1 Performing Cursor Measurements
	3.3.2 Cursor Types and Results
	3.3.3 Settings for Cursor Measurements

	3.4 Mathematics
	3.5 Reference Waveforms
	3.5.1 Settings for Reference Waveforms
	3.5.2 Waveform Files
	3.5.2.1 Waveform Header Files
	3.5.2.2 Waveform Data Files


	3.6 XY-Diagram
	3.7 History (Option R&S RTH-K15)
	3.7.1 History Settings
	3.7.2 Displaying History Data
	3.7.3 Analyzing History Data
	3.7.4 Exporting History Data


	4 Mask Testing
	4.1 Accessing the Mask Mode
	4.2 Mask Test Results
	4.3 Running Mask Tests
	4.4 Mask Settings

	5 Spectrum Analysis
	5.1 FFT Mode
	5.1.1 Accessing the FFT Mode
	5.1.2 Display and Control
	5.1.3 Performing FFT Analysis
	5.1.4 FFT Mode Settings

	5.2 Spectrum Mode (Option R&S RTH-K18)
	5.2.1 Accessing the Spectrum Mode
	5.2.2 Display and Control
	5.2.3 Performing Spectrum Analysis
	5.2.4 Spectrum Mode Settings
	5.2.5 Vertical Settings
	5.2.6 Marker (Peak Search) Settings
	5.2.7 Cursor Measurements on Spectrums
	5.2.7.1 Cursor Measurement Results
	5.2.7.2 Cursor Settings

	5.2.8 Spectrum File Functions
	5.2.9 Spectrum Results Export File Format

	5.3 Harmonics Measurement (Option R&S RTH-K34)
	5.3.1 Accessing the Harmonic Mode
	5.3.2 Harmonic Measurement Results and Display
	5.3.3 Performing a Harmonic Measurement
	5.3.4 Harmonic Mode Settings
	5.3.5 Harmonic File Functions
	5.3.6 Reference: Harmonic Results and Limit File Formats
	5.3.6.1 Limit File Format
	5.3.6.2 Harmonic Results Export File Format



	6 Multimeter Measurements
	6.1 Digital Multimeter (R&S RTH1002)
	6.1.1 Accessing the Meter Mode
	6.1.2 Display and Control
	6.1.3 Running Multimeter Measurements
	6.1.4 Settings

	6.2 Voltmeter (R&S RTH1004)
	6.2.1 Accessing the Meter Mode
	6.2.2 Display and Control
	6.2.3 Running Voltmeter Measurements
	6.2.4 Voltmeter Settings


	7 Data Logging
	7.1 Accessing the Logger Mode
	7.2 Logger Display
	7.3 Logging Data
	7.4 Logger Settings
	7.5 Analyzing Logged Data
	7.5.1 Cursor
	7.5.2 Zoom
	7.5.3 Logger Statistics
	7.5.4 Loading Logged Data
	7.5.5 Deleting Logged Data

	7.6 Logger Records
	7.6.1 Logger Records in MATLAB
	7.6.2 Logger Records in CSV Files
	7.6.3 Attributes in Exported Logger Records


	8 Protocol Analysis
	8.1 Basics of Protocol Analysis
	8.1.1 General Protocol Settings
	8.1.2 Decode Results
	8.1.3 Label Lists
	8.1.3.1 Using Label Lists
	8.1.3.2 Content and Format of the PTT File


	8.2 I2C (Option R&S RTH-K1)
	8.2.1 The I²C Protocol
	8.2.2 I2C Configuration Settings
	8.2.3 I2C Trigger Settings
	8.2.4 I²C Label List
	8.2.5 I²C Decode Results

	8.3 SPI (Option R&S RTH-K1)
	8.3.1 The SPI Protocol
	8.3.2 SPI Configuration Settings
	8.3.3 SPI Trigger Settings
	8.3.4 SPI Decode Results

	8.4 UART/RS-232/RS-422/RS-485 (Option R&S RTH-K2)
	8.4.1 UART Interface
	8.4.2 UART Configuration Settings
	8.4.3 UART Trigger Settings
	8.4.4 UART Decode Results

	8.5 CAN (Option R&S RTH-K3)
	8.5.1 CAN Configuration Settings
	8.5.2 CAN Trigger Settings
	8.5.3 CAN Label List
	8.5.3.1 PTT and CSV Files for CAN
	8.5.3.2 DBC Files for CAN

	8.5.4 CAN Decode Results

	8.6 LIN (Option R&S RTH-K3)
	8.6.1 The LIN Protocol
	8.6.2 LIN Configuration Settings
	8.6.3 LIN Trigger Settings
	8.6.4 LIN Label List
	8.6.5 LIN Decode Results


	9 Logic Analyzer (R&S RTH-B1 MSO)
	9.1 Logic Analyzer Settings
	9.2 Triggering on Logic Channels
	9.3 Analyzing Logic Channels

	10 Frequency Counter (R&S RTH-K33)
	10.1 Accessing the Counter Mode
	10.2 Display and Control
	10.3 Performing a Counter Measurement
	10.4 Counter Settings

	11 Documenting Results
	11.1 Using USB Flash Drive
	11.2 Filesystem Tools
	11.3 Instrument Settings
	11.3.1 Using Fast Settings
	11.3.2 Saving and Loading Savesets

	11.4 Waveforms
	11.4.1 Exporting Waveforms to File
	11.4.2 Waveform Export Settings
	11.4.3 Waveform Export Files
	11.4.3.1 Content of Waveform Files
	11.4.3.2 Header Data
	11.4.3.3 Converting CSV to Excel Files


	11.5 Logger Records
	11.6 Quick Save with OneTouch
	11.7 Screenshots
	11.7.1 Screenshot Settings


	12 General Instrument Setup
	12.1 Resetting the Instrument
	12.2 Disabling the Touchscreen
	12.3 Selfalignment
	12.4 Setting the Date, Time and Language
	12.5 Instrument Settings
	12.6 Display Settings
	12.7 Options
	12.7.1 Activating Options

	12.8 Updating the Firmware

	13 Network Connections
	13.1 LAN Connection
	13.2 USB connection
	13.3 Wireless LAN Connection (Option R&S RTH-K200/200US)
	13.4 Web Interface (Option R&S RTH-K201)

	14 Remote Control Commands
	14.1 Conventions used in Command Description
	14.2 Mode
	14.3 Waveform Setup
	14.3.1 Automatic Setup
	14.3.2 Vertical Setup
	14.3.3 Horizontal Setup
	14.3.4 Acquisition Control
	14.3.5 Trigger
	14.3.5.1 General Trigger Settings
	14.3.5.2 Edge Trigger
	14.3.5.3 Glitch Trigger
	14.3.5.4 Width Trigger
	14.3.5.5 Video/TV Trigger
	14.3.5.6 External Trigger (R&S RTH1002)
	14.3.5.7 Pattern Trigger (R&S RTH-K19)
	14.3.5.8 State Trigger (R&S RTH-K19)
	14.3.5.9 Runt Trigger (R&S RTH-K19)
	14.3.5.10 Slew Rate Trigger (R&S RTH-K19)
	14.3.5.11 Data2Clock Trigger (R&S RTH-K19)
	14.3.5.12 Serial Pattern Trigger (R&S RTH-K19)
	14.3.5.13 Timeout Trigger (R&S RTH-K19)
	14.3.5.14 Interval Trigger (R&S RTH-K19)
	14.3.5.15 Window Trigger (R&S RTH-K19)


	14.4 Waveform Analysis
	14.4.1 Zoom
	14.4.2 Automatic Measurements
	14.4.2.1 Measurement Settings
	14.4.2.2 Measurement Results

	14.4.3 Cursor Measurements
	14.4.3.1 Cursor Settings
	14.4.3.2 Cursor Measurement Results

	14.4.4 Math Waveforms
	14.4.4.1 Math Settings

	14.4.5 Reference Waveforms
	14.4.6 History (Option R&S RTH-K15)

	14.5 Mask Testing
	14.5.1 Mask Definition
	14.5.2 Mask Test

	14.6 Spectrum Analysis
	14.6.1 FFT Mode
	14.6.2 Spectrum Mode (R&S RTH-K18)
	14.6.2.1 Configuring the Measurement
	14.6.2.2 Cursor Measurements in Spectrum Mode
	14.6.2.3 Markers in Spectrum Mode
	14.6.2.4 Exporting Spectrum Analysis Results

	14.6.3 Harmonic Mode (R&S RTH-B34)
	14.6.3.1 Configuring Harmonic Measurements
	14.6.3.2 Retrieving and Exporting Harmonic Results


	14.7 Digital Multimeter (R&S RTH1002)
	14.7.1 Activating the Multimeter mode
	14.7.2 Measurement Configuration
	14.7.2.1 METer:CONFigure Commands
	14.7.2.2 METer:SENSe:<function>:RANGe:UPPER Commands
	14.7.2.3 METer:SENSe:<function>:RANGe:AUTO Commands
	14.7.2.4 AC+DC Current and Voltage Measurements
	14.7.2.5 Temperature Measurements

	14.7.3 Relative Measurements
	14.7.4 Measurement Control
	14.7.5 Results
	14.7.5.1 Reading Values
	14.7.5.2 METer:MEASure Commands
	14.7.5.3 Statistics


	14.8 Voltmeter (R&S RTH1004)
	14.8.1 Activating the Voltmeter
	14.8.2 Measurement Configuration
	14.8.2.1 General Configuration
	14.8.2.2 METer<m>:CONFigure Commands
	14.8.2.3 METer<m>:SENSe:<function>:RANGe:UPPER Commands
	14.8.2.4 AC+DC Current and Voltage Measurements

	14.8.3 Relative Measurements
	14.8.4 Measurement Control
	14.8.5 Results
	14.8.5.1 Reading Values
	14.8.5.2 METer:MEASure Commands
	14.8.5.3 Statistics


	14.9 Counter Mode (R&S RTH-K33)
	14.10 Data Logging
	14.10.1 Logger Settings
	14.10.2 Cursor in Logger Mode
	14.10.2.1 Cursor Settings
	14.10.2.2 Cursor Results

	14.10.3 Zoom in Logger mode
	14.10.4 Logger Statistics
	14.10.5 Logger Records

	14.11 Protocol Analysis
	14.11.1 General Protocol Settings
	14.11.2 I2C (Option R&S RTH-K1)
	14.11.2.1 I2C Configuration Settings
	14.11.2.2 I2C Trigger
	14.11.2.3 I2C Decode Results

	14.11.3 SPI (Option R&S RTH-K1)
	14.11.3.1 SPI Configuration Settings
	14.11.3.2 SPI Trigger
	14.11.3.3 SPI Decode Results

	14.11.4 UART/RS-232/RS-422/RS-485 (Option R&S RTH-K2)
	14.11.4.1 UART Configuration
	14.11.4.2 UART Trigger
	14.11.4.3 UART Decode Results

	14.11.5 CAN (Option R&S RTH-K3)
	14.11.5.1 CAN Configuration Settings
	14.11.5.2 CAN Trigger
	14.11.5.3 CAN Decode Results

	14.11.6 LIN (Option R&S RTH-K3)
	14.11.6.1 LIN Configuration Settings
	14.11.6.2 LIN Trigger
	14.11.6.3 LIN Decode Results


	14.12 Logic Analyzer (R&S RTH-B1 MSO)
	14.13 Documenting Results
	14.13.1 Export of Waveform Data to File
	14.13.2 Transfer of Waveform Data
	14.13.3 Screenshots
	14.13.4 Instrument Settings, MMEM Commands

	14.14 General Instrument Setup
	14.14.1 Date and Time
	14.14.2 Display Settings

	14.15 WLAN Connection (Option R&S RTH-K200/200US)

	Annex
	A SCPI Command Structure
	A.1 Syntax for Common Commands
	A.2 Syntax for Device-Specific Commands
	A.2.1 Long and short form
	A.2.2 Numeric Suffixes
	A.2.3 Optional Mnemonics

	A.3 SCPI Parameters
	A.3.1 Numeric Values
	A.3.2 Special Numeric Values
	A.3.3 Boolean Parameters
	A.3.4 Text Parameters
	A.3.5 Character Strings
	A.3.6 Block Data

	A.4 Overview of Syntax Elements
	A.5 Structure of a Command Line
	A.6 Responses to Queries

	B Command Sequence and Synchronization
	B.1 Preventing Overlapping Execution


	 List of Commands



