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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 | ON/OFF supply voltage

Observe product documentation

Caution when handling heavy equipment [ ] Standby indication

Danger of electric shock Direct current (DC)

B> e
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Basic Safety Instructions

Symbol Meaning Symbol Meaning
Warning! Hot surface u Alternating current (AC)
Protective conductor terminal —_—— Direct/alternating current (DC/AC)

Ground

Device fully protected by double (reinforced)
insulation

Ground terminal

EU labeling for batteries and accumulators

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

Be careful when handling electrostatic sensitive
devices

EU labeling for separate collection of electrical
and electronic devices

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

AR o

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.

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.

moderate injury.

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

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 severity 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 AC supply network. If a different voltage is to be set, the power
fuse of the product may have to be changed accordingly.

In the case of products of safety class | with movable power cord and connector, operation is
permitted only on sockets with 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 AC supply network, or if the power
switch is not suitable for this purpose, use the plug of the connecting cable to disconnect the product
from the AC supply network. 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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10.

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 V,,s > 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 IEC60950-1/EN60950-1 or IEC61010-1/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.g. 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

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

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.

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.

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.

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.

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).

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.

Ademas 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, documentacion, 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 documentacion del producto, y entréguelas a usuarios posteriores.

Tener en cuenta las informaciones de seguridad sirve para evitar en lo posible lesiones o dafos 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 proteccién de personas, que encontraran en el capitulo correspondiente de la
documentacion 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
documentacioén del producto.

Senalizacién de seguridad de los productos

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

Simbolo Significado Simbolo Significado
| Aviso: punto de peligro general | Tension de alimentacion de PUESTA EN
B MARCHA / PARADA
Observar la documentacioén del producto
[
Atencion en el manejo de dispositivos de peso ] Indicacion de estado de espera (standby)
‘ elevado
! Peligro de choque eléctrico Corriente continua (DC)
E Advertencia: superficie caliente u Corriente alterna (AC)
H Conexién a conductor de proteccion - Corriente continua / Corriente alterna (DC/AC)
Conexion a tierra r El aparato esta protegido en su totalidad por un
aislamiento doble (reforzado)
|

Conexién a masa Distintivo de la UE para baterias y

acumuladores

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

Simbolo Significado Simbolo Significado

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

‘ Aviso: Cuidado en el manejo de dispositivos

I E sensibles a la electrostatica (ESD)

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

Advertencia: rayo laser

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

Palabras de seiial y su significado

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

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
s ELFLEIM E B csiones graves o incluso la muerte.

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

| |

ne o B T.-rh lesiones leves o moderadas.
Indica informacioén que se considera importante, pero no en relacion
con situaciones de peligro; p. €j., avisos sobre posibles dafios
materiales.

En la documentacién del producto se emplea de forma sinénima el
término CUIDADO.

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

Estados operativos y posiciones de funcionamiento

El producto solamente debe ser utilizado segtn lo indicado por el fabricante respecto a los estados
operativos y posiciones de funcionamiento sin que se obstruya la ventilacién. 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 prevencién 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 posicion de funcionamiento se define por principio la posicién con el suelo de la caja para
abajo, modo de proteccion IP 2X, uso solamente en estancias interiores, utilizacion 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 situe 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 instalacién 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 documentacién 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 debera 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 maévil y enchufe individual solamente
podran enchufarse a tomas de corriente con contacto de seguridad y con conductor de proteccion
conectado.

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

Si el producto no esta 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. €j., el enchufe de conexion a la red es el dispositivo de desconexion, 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 proteccion y
de instalacién adecuadas, de que el cable de conexion a red no pueda ser dafiado o de que nadie
pueda ser danado por él, p. €j. al tropezar o por un choque eléctrico.

1171.0000.42 - 07 Page 10



10.

1.

12.

13.
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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 tensiéon Uy > 30 V se deberan tomar las medidas
apropiadas para impedir cualquier peligro (p. e€j. medios de medicién adecuados, seguros, limitacion
de tension, corte protector, aislamiento etc.).

Para la conexién 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 dafios 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 conexion. La instalacion y
la conexion 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 danos.

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 ningun objeto que no esté destinado a ello.
Esto puede producir cortocircuitos en el producto y/o puede causar choques eléctricos, fuego o
lesiones.

Salvo indicacion 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 dafos 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. ej. red de
alimentacion o bateria). Realice la limpieza de los aparatos con un pafio suave, que no se deshilache.
No utilice bajo ningun concepto productos de limpieza quimicos como alcohol, acetona o diluyentes
para lacas nitroceluldsicas.
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Instrucciones de seguridad elementales

Funcionamiento

1.

El uso del producto requiere instrucciones especiales y una alta concentracién 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 "Eliminacion/proteccion del medio ambiente", punto 1.

Ciertos productos, como p. €j. 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
obligacién de evaluar y sefializar 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 tdxicas
(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 funcion 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 concentracion 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 funcién aparte de las descritas en la
documentacion del producto, a fin de evitar lesiones (p. €. 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 tension 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 distribucion de baja tensiéon que suministra corriente a edificios
residenciales.
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Instrucciones de seguridad elementales

Reparaciéon 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 tensién 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
proteccion, medicion de resistencia de aislamiento, medicién 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. ej. celdas de
litio) debe sequir 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 Yy 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 elevaciéon 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 dafos personales o
dafios 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 dafos.

Eliminacion/proteccion 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 atencion 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 eliminaciéon 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 atencién
al cliente de Rohde & Schwarz.

Si se trabaja de manera mecanica y/o térmica cualquier producto o componente mas alla del
funcionamiento previsto, pueden liberarse sustancias peligrosas (polvos con contenido de metales
pesados como p. €j. plomo, berilio o niquel). Por eso el producto solo debe ser desmontado por
personal especializado con formaciéon 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 documentacion del producto. La
eliminacion incorrecta de sustancias peligrosas o combustibles puede causar dafios a la salud o
dafios al medio ambiente.

Se puede encontrar mas informacion sobre la proteccion del medio ambiente en la pagina web de
Rohde & Schwarz.
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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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1 Preface

1.1 Documentation Overview

The user documentation delivered with the R&S RTM consists of the following parts:

e Online Help system on the instrument
e "Getting Started" printed manual in English
e Documentation CD-ROM with:

— Getting Started

— User Manual

— Service Manual

— Data sheet and product brochure

— Links to useful sites on the R&S internet

Online Help

The Online Help is embedded in the instrument's firmware. It offers quick, context-sen-
sitive description of the softkeys and front panel controls.

Getting Started

The English edition of this manual is delivered with the instrument in printed form. The
manual is also available in other languages in PDF format on the Documentation CD-
ROM. It provides the information needed to set up and start working with the instrument.
Basic operations and typical measurement examples are described. The manual includes
also general information, e.g., Safety Instructions.

User Manual

The User Manual is available in PDF format - in printable form - on the Documentation
CD-ROM. In this manual, all instrument functions are described in detail. Furthermore, it
provides an introduction to remote control and a complete description of the remote con-
trol commands with programming examples. Information on maintenance, instrument
interfaces and error messages is also given.

Service Manual

The Service Manual is available in PDF format - in printable form - on the Documentation
CD-ROM. Itinforms on how to check compliance with rated specifications, on instrument
function, repair, troubleshooting and fault elimination. It contains all information required
for repairing the instrument by the replacement of modules.

Documentation updates

You can download the newest version of the "Getting Started" and "User Manual" from
the "Downloads > Manuals" section on the Rohde & Schwarz "Scope of the Art" Web
page: http://www.scope-of-the-art.com/product/rtm.html.

—
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Conventions Used in the Documentation

The online help is included in the firmware update package. The help has to be updated
separately to get the information suitable for the firmware version. The firmware and help
update package is available in the "Downloads > Firmware" section on the Rohde &
Schwarz "Scope of the Art" Web page.

1.2 Conventions Used in the Documentation

This chapter describes the conventions used throughout this documentation.

1.2.1 Typographical Conventions

The following text markers are used throughout this documentation:

Convention

Description

"Graphical user interface ele-

All names of graphical user interface elements on the screen, such as dia-

ments" log boxes, menus, options, buttons, and softkeys are enclosed by quota-
tion marks.
KEYS Key names are written in capital letters.

File names, commands,
program code

File names, commands, coding samples and screen output are distin-
guished by their font.

Input Input to be entered by the user is displayed in italics.
Links Links that you can click are displayed in blue font.
"References" References to other parts of the documentation are enclosed by quotation

marks.

—
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2 Acquisition and Waveform Setup

The chapter describes the horizontal and vertical basic settings including the acquisition
and probe settings.

2.1 Basics

This chapter provides background information on the essential settings in the vertical and
horizontal systems, on acquisition setup and probing.

2.1.1 Vertical System

The controls and parameters of the vertical system are used to scale and position the
waveform vertically.

2111 Input coupling

The input coupling influences the signal path between input connector and the following
internal signal stage. The coupling can be set to DC, AC, or ground.

® DC coupling shows all of an input signal. DC coupling is available with 1 MQ input
impedance to connect standard passive probes. DC coupling is the default for 50 Q
input impedance.

e AC coupling is useful if the DC component of a signal is of no interest. AC coupling
blocks the DC component of the signal so that the waveform is centered around zero
volts.

2.1.1.2 Vertical scale and position

Vertical scale and vertical position directly affect the resolution of the waveform ampli-
tude. The vertical scale corresponds to the ADC input range. To get the full resolution of
the ADC, waveforms should cover most of the height of the diagram.

—
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Fig. 2-1: Input range and resolution of the ADC

2.1.1.3 Bandwidth

For analog applications the highest signal frequency determines the required oscillo-
scope bandwidth. As a rule of thumb, the oscilloscope bandwidth should be 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 spectral
components. A digital signal, for example, is built up of several odd harmonics. As a rule
of thumb, for digital signals the oscilloscope bandwidth should be 5 times higher than the
clock frequency to be measured.

The oscilloscope is not a stand-alone system. You need a probe to measure the signal
of interest, and the probe has a limited bandwidth, too. The combination of oscilloscope
and probe creates a system bandwidth. To maintain the oscilloscope bandwidth, that is,
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 2.1.4.1, "Voltage Probes", on page 16

2.1.2 Sampling and Acquisition

The vertical system of a digital oscilloscope conditions the test signal in a way that the
following A/D Converter (ADC) can transform the measured voltage into digital data.

|
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21.21 Sampling and Processing

The A/D converter samples the continuous signal under test at specific points in time and
delivers digital values called ADC samples. The rate at which the converter is working
is the ADC sample rate, a constant value usually specified in GHz: fupc=1/T,

The digital ADC samples are processed according to the acquisition settings. The result
is a waveform record that contains waveform samples and is stored in the waveform
memory. The waveform samples are displayed on the screen and build up the waveform.

The number of waveform samples in one waveform record is called record length, and
the rate of recording waveform samples - the number of waveform samples per second
- is the sample rate. The higher the sample rate, the better is the resolution and the more
details of the waveform are visible.

A sufficient resolution is essential for correct reconstruction of the waveform. If the signal
is undersampled, aliasing occurs - a false waveform is displayed. To avoid aliasing and
accurately reconstruct a signal, Nyquist theorem postulates that the sample rate must be
at least twice as fast as the highest frequency component of the signal. However, the
theorem assumes ideal conditions, so the Nyquist sample rate is usually not sufficient.

—
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Fig. 2-2: Waveforms acquired with different sample rates

This means that the sample rate must be set to a value 3 to 5 times the fastest frequency
component of the signal. A higher sample rate increases signal fidelity, increases the
chance to capture glitches and other signal anomalies, and improves the zoom-in capa-
bilities.

2.1.2.2 Acquisition Settings

The resulting sample rate can be the same as the constant ADC sample rate, or higher,
or lower.

By default, the real time sample mode is used. With fast time base settings, the sample
rate becomes higher than the ADC sample rate. The missising waveform samples are
added to the ADC samples with sin(x)/x interpolation automatically.

When measuring high-frequency, repetitive signals whose frequency components are
even higher than the ADC sample rate, equivalent-time sampling is used to capture
the waveform. This sample mode captures ADC samples over a number of subsequent
repetitions at different points in time, and creates one waveform with higher sample rate
from this data.

At lower time base settings, the required sample rate is lower than the ADC sample rate.
To reduce the sample rate, decimation methods are used: sample and peak detect.

As digital waveform data is stored in the memory, and the memory can save many wave-
form records, further waveform arithmetic processing is possible: average and enve-
lope waveforms are resulting waveforms, created from a composite of sample points
taken from multiple acquisitions. Another function called smoothing calculates a mean

—
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value of several adjacent sample points of the same waveform and displays it. The result
is a moving average that uses the full data and can be used for non-periodic signals.

2.1.2.3 Acquisition Control

You can run the R&S RTM in two ways:
e Continuous: the instrument acquires data until you stop it manually.
o NxSingle: the instrument samples and processes a specified number of acquisitions.

The determining point of an acquisition is the trigger. It defines the time-zero point in the
waveform record. The instrument acquires continuously and keeps the sample points to
fill the pre-trigger part of the waveform record. When the trigger occurs, the instrument
continues acquisition until the post-trigger part of the waveform record is filled. Then it
stops acquiring and waits for the next trigger. When a trigger is recognized, the instrument
will not accept another trigger until the acquisition is complete.

The trigger modes define how the instrument triggers:

e Normal: The instrument acquires a waveform only if a real trigger occurs, that is, if
all trigger conditions are fulfilled.

e Auto: The instrument triggers repeatedly after a fixed time interval if the trigger con-
ditions are not fulfilled. If a real trigger occurs, it takes precedence. If the real trigger
is faster than the auto trigger, both modes are virtually the same.

In practice, both trigger modes are useful: The auto mode lets you see the signal with
very little adjustment, while the normal mode selects the interesting part of the waveform.
If you want to acquire a specified number of waveforms with NxSingle, make sure to
select the normal trigger mode. Thus you get only the required number of interesting
acquisitions.

See also: chapter 3, "Triggers", on page 35

2.1.3 Horizontal System

2.1.3.1 Horizontal Position

As described before in chapter 2.1.2.3, "Acquisition Control", on page 15, the trigger
defines the time-zero point in the waveform record.

Two parameters set the position of the horizontal acquisition window in relation to the
trigger point: reference point (time reference) and trigger offset. With these parameters
you choose the part of the waveform you want to see: around the trigger, before, or after
the trigger.

—
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2.1.4 Probes

A probe connects the signal source (DUT) to the oscilloscope, and delivers the signal to

be measured. It is the essential first link in the measurement chain.

An ideal probe fulfills the following requirements:

e Safe and reliable contacts

e Infinite bandwidth

e The probe should not load the signal source and thus impact the circuit operation.

e The connection should not introduce or suppress signal components (hum, noise,
filter) and thus degrade or distort the transferred signal.

In reality, the probe can never be an ideal one, it always affects the signal transmission
and the signal source, and thus the measured signal. It depends on the frequency to be
measured and on the signal source to determine the acceptable loading, and to determine
which kind of probe delivers good results.

The solution depends on the quantity to be measured with respect to:

e Signal type: voltage, current, power, pressure, optical, etc.

e Signal amplitude: The oscilloscope itself can only display voltages in a limited range.
Most probes can adjust the dynamic range to amplitudes from a few mV to 10 V.
Smaller or much larger signals require specialized equipment.

e Signal frequency: High frequencies require advanced equipment in order to get cor-
rect results.

e Source characteristic: The source impedance is the decisive factor when choosing
the suitable connection.

2.1.41 Voltage Probes

The following table provides an overview on common voltage probes and their usage.

—
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Table 2-1: Voltage probes overview

Probe type Attenuation | Typical bandwidth Oscilloscope | Usage

range input

Passive, high impe- 1:1 10 MHz 1 MQ Low speed, low level
dance signals

Passive, high impe- 10:1 500 MHz 1 MQ General purpose
dance

Passive, low impe- 10:1 up to 10 GHz 50 Q High frequency
dance

Active, single-ended 10:1 up to 10 GHz 50 Q High speed

Active, differential 10:1 50 Q Floating

For a list of recommended probes refer to the R&S RTM product brochure.

Besides the possible input voltage range, two factors are very important when selecting
a voltage probe: Bandwidth and impedance over frequency.
e Bandwidth:
The combination of probe and oscilloscope builds up a system. The resulting system
bandwidth is approximately determined with:

2 2
1 1 .
B Wsystem B Wprobe B Wscope

To measure the signal with low measurement error, the system bandwidth should be
higher than the highest frequency component of the signal. The probe bandwidth
must be even higher than the system bandwidth.

e Impedance:
A minimum impedance is required to keep the circuit loading low. Over frequency,
the impedance decreases, in particular with passive probes. The probe impedance
should be approximately 10 times the impedance of the circuit test point at the highest
signal frequency.

Passive voltage probes

Passive probes have the following qualities:
e No active components inside
e BNC connector for universal use

e Compensation needs to be executed when the probe is connected to a scope input:
LF compensation matches the probe (mainly cable) capacitance to the oscilloscope
input capacitance.

High frequency adjustment is an option for higher measurement frequencies in the
MHz range.

e With high impedance probes, the impedance varies significantly over frequency.

e With low impedance probes, the impedance variation over frequency is low, but the
load on the source is high.

—
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If you use passive probes, remember some recommendations:
e Use a probe recommended for your oscilloscope model.

e Use a ground lead as short as possible to minimize the effect of ground lead induc-
tance. The resonance frequency can be much lower than the system bandwidth and
thus can affect the measurement results, in particular, if you measure steep edge rise
times.

e Select a probe that has a bandwidth of 5 to 10 times the highest frequency being
measured. This will preserve the harmonics and thus the waveform integrity.

Active voltage probes - general

Active probes require operating power from the instrument and have a proprietary inter-
face to the instrument. Their main qualities are:

e | ow loading on signal source
e The probe is automatically recognized by the instrument, no adjustment is required.

e Adjustable DC offset at probe tip allows for high resolution on small AC signals which
are superimposed on DC levels.

e Connections should be as short as possible to keep the usable bandwidth high.
e The operating voltage range has to be observed.
e The probe impedance depends on the signal frequency.

RT-ZS single-ended active probes and RT-ZD differential active probes provide special
features for easier use and precise measurements. These special featuers are not avail-
able on RT-ZSxxE probes.

e The micro button on the probe head remotely controls important functions on the
instrument, like running and stopping the acquisition, autoset, auto zero and setting
the offset to mean value.

e The R&S ProbeMeter measures DC voltages between the probe tip and the ground
connection with very high precision. The result is displayed on the instrument's
screen. So you can check DC voltages with different levels without having to adjust
the measurement range of the oscilloscope. The R&S ProbeMeter also measures
the zero error of the probe to optimize measurement results at small signal levels.

When you connect an R&S RT-ZSxx active probe to a channel input of the R&S RTM,
the oscilloscope recognizes the probe, reads the identification and calibration data from
the probe box and shows the result in the "Setup" and "Probe Attributes" tabs. This data
together with the deskew time for a given channel is stored and processed by the

R&S RTM. If you connect the probe the next time to the same channel, the information
is fetched and used.

Differential active probes

Differential active probes are designed to measure signals that are referenced against
each other, and voltages that are not references to ground, for example twisted pair signal
lines. The R&S RT-ZD probes are differential probes with high input impedance, they can
be used to measure voltages between any two test points.

Compared with two-channel measurement setup with single-ended probes, the mea-
surement with differential probes is symmetric due to the same ampilification and cable
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length on both paths. It is also immune to interference and noise and occupies only one
input channel.

A differential probe has three sockets: the positive signal socket (+), the negative signal
socket (-), and the ground socket.
)
=]
|

" d

i |

Differential probes provide multiple input voltages:
e Differential mode input voltage (V;,)

Voltage between the positive and negative signal sockets
e Positive single-ended input voltage (V)

Voltage between the positive signal socket and the ground socket
e Negative single-ended input voltage (V,)

Voltage between the negative signal socket and the ground socket
e Common mode input voltage (V¢n)

Mean voltage of positive and negative signal sockets referred to the ground socket,
respectively

Two of these voltages are independent values, the other two can be calculated:

Vin =Vp_Vn
Vp+V,,
cm = 2

R&S RT-ZD probes detect only differential input voltages and provide it to the oscillo-
scope. Common mode signals are suppressed by the probe. This characteristic is descri-
bed by the Common Mode Rejection Ratio (CMRR):

DifferentialGain
CommonMode Gain

CMRR =

In addition, the R&S ProbeMeter of R&S RT-ZD differential probes can measure differ-
ential and common mode DC voltages. The measurement result is displayed on the
oscilloscope's screen. The common mode mesurement of the R&S ProbeMeter allows
to check the input voltage relative to ground and is a convenient way to detect breaches
of the operating voltage window, and the reason of unwanted clippings.

—
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2.2 Setting up the Waveform

This chapter contains the fundamental procedures for setting up the acquisition and
adjusting the channel waveforms.

Passive probes
Passive probes require compensation for exact signal display and measurement. The
compensation procedure is described in the "Getting Started" manual.

2.21 Setting Up the Signal Input with Autoset

Autoset is the solution for the major part of routine test-setup. It is also a good start if you
need to use more complex trigger settings. Autoset finds appropriate horizontal and ver-
tical scales and trigger conditions to present a stable waveform.

1. Connect the probe to the input connector CH N.

The instrument recognizes the probe and turns the channel on.

2. Press the AUTOSET button on the left of the display.

2.2.2 Adjusting the Signal Input Manually

The settings mentioned here are described in detail in:
e chapter 2.3.1, "HORIZONTAL Controls", on page 22
® chapter 2.3.3.2, "Channel Menu", on page 29

e chapter 2.3.3.1, "VERTICAL Controls", on page 27

1. Connect the probe to the input connector CH N.

The instrument recognizes the probe and turns the channel on.

2. Use the SCALE rotary knob in the HORIZONTAL area of the front panel to set up the
time base.

3. Use the POSITION rotary knob to set up the trigger position. Press the knob to reset
the trigger offset to 0 s.

4. Press the channel key corresponding to the input channel. It is lighted with the color
of the channel waveform.

5. In the softkey menu, press the "Coupling" softkey repeatedly to select the correct
coupling.

6. Select the "Bandwidth" limit.

7. If you use a passive probe, adjust the probe settings:

a) Select the "Termination" (input impedance).
b) Select "More" to switch the menu page.

—
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c) Press the "Probe" softkey and select the attenuation.

Use the SCALE rotary knob in the VERTICAL area of the front panel to adjust the
vertical scale of the waveform. Press the knob to toggle between fine and rough
adjustment.

Use the POSITION rotary knob to adjust the vertical position of the waveform. Vertical
position is defined by the position of the waveform's zero line and the offset between
the zero line and the waveform axis. Pressing the knob toggles between these
parameters.

By default, offset is disabled. Press the "Offset" softkey in the "Channel" menu to
enable the offset. Use the NAVIGATION knob or the POSITION / OFFSET knob to
adjust. Turn clockwise to move the waveform down.

10. Proceed with: chapter 2.2.3, "Setting the Acquisition", on page 21.

2.2.3 Setting the Acquisition

Prerequisites:

Probes are connected.
Vertical and horizontal settings are adjusted.

For details on acquisition settings, see chapter 2.3.2, "Acquisition Menu", on page 23.

1.
2.

Press the ACQUISITION key in the HORIZONTAL area of the front panel.

Select the "Sample Mode" - Real time or Equivalent time.

This defines the behavior of the oscilloscope if the sample rate is higher than the ADC
sample rate.

Use Equivalent time to capture fast repetitive signals whose frequency components
may be much higher than the sample rate of the ADC.

Select the "Decimation Mode" - for example, Peak detect.
This defines the behavior of the instrument if the oscilloscope captures more samples
than the waveform memory can save.

Select the "Wavef. Arithmetic" - for example, Average or Envelope.
This defines how the resulting waveform is built from several consecutive acquisitions
of the signal.

If "Average" is selected, enter the "Number of Averages”, that is the number of wave-
forms used for average calculation.

Select the "Waveform Rate".

2.2.4 Starting and Stopping Acquisition

You can control the acquisition in two ways:

Running continuous acquisition until you stop it
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2.31

Reference for Waveform Setup

e Running one acquisition or a given number of acquisitions

Prerequisites:

e Probes are connected.

e Vertical and horizontal settings are adjusted.
e Triggering is set.

e Channels to be acquired are turned on.

To start and stop continuous acquisition

1. Check if the trigger mode is set to "Normal". The trigger mode is shown in the top
information bar.
If not, press the MODE key on the front panel to toggle the setting.

2. Press the RUN CONT key to start acquisition.

The acquisition starts if a trigger occurs.

3. To stop, press the RUN CONT key again.

The acquisition stops immediately.

To acquire a limited number of acquisitions
1. Press the ACQUISITION key in the HORIZONTAL area of the front panel.
2. Select "Nx Single" and enter the number of acquisitions.

3. Press the RUN Nx SINGLE key on the front panel.
You can stop the acquisition before it is finished by pressing the key again.

Reference for Waveform Setup

HORIZONTAL Controls

Time base settings adjust the display in horizontal direction. Use the rotary knobs in the
HORIZONTAL functional block for setting.
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POSITION. ... e e 23
SCALE . s 23
POSITION

The rotary knob changes the trigger offset. This is the horizontal position of the trigger
point in relation to the reference point - the zero point of the grid. Thus, you can set the
trigger point even outside the diagram and analyze the signal some time before or after
the trigger.

The reference point is set with SETUP >"Time Reference".

Turn clockwise to move the trigger point to the right. At zero-crossing, the knob shortly
snaps in and the setting is kept constant to simplify the zero-setting. The current trigger
position is shown in the top information bar, denoted by "T". Press the knob to reset the
trigger offset to 0.

Note: If a zoom or FFT window is displayed, the knob can adjust other values depending
on the selection of the SCALE rotary knob.

See also: "Time Reference" on page 225

Remote command:
TIMebase:POSition on page 274

SCALE

The rotary knob adjusts the time scale of the horizontal axis for all signals, also known
as time base. The current scale value is shown in the top information bar, denoted by
"TB". Turn clockwise to stretch the waveforms - the scale value time/div decreases.

If a Zoom or FFT window is displayed, press the knob to switch between the settings,
then turn to adjust the selected value.

Remote command:
TIMebase:SCALe on page 273

2.3.2 Acquisition Menu

The ACQUISITION key in the Horizontal functional block opens the "Acquisition" softkey
menu, where you select the acquisition mode. Acquisition modes control the data pro-
cessing - how the waveform is built from the captured ADC samples.

The softkeys are placed on two menu pages. The current acquisition mode is shown in
the top information bar, the second value from right.

T T T T T T T T
| omr e — — e
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Sample Mode
Defines how the waveform is created from the sample points which are acquired by the
ADC.

"Real Time" At slow time base settings the oscilloscope can acquire enough points
to create an accurate waveform, so the sampled points of the input sig-
nal are used directly to build the waveform.

With fast time base settings, the sample rate is higher than the ADC
sample rate. Waveform samples are added to the ADC samples
according to the selected interpolation method.

See also: "Interpolation” on page 26

Real-time sampling is used to capture fast, single-shot, transient sig-
nals.

"Equivalent Random equivalent-time sampling: This mode requires repetitive, sta-

Time" ble signals. It is used to capture fast signals whose frequency compo-
nents may be much higher than the sample rate of the ADC. The wave-
form points are taken from several acquisitions at a different time in
relation to the trigger point. The time difference between the sample
and the trigger is random. Then, all the sampled points are put together
into one composite waveform.

Remote command:
ACQuire:MODE on page 275

Decimation Mode

Decimation reduces the data stream of the ADC to a stream of waveform points with
lower sample rate and a less precise resolution if the oscilloscope captures more samples
than the waveform memory can save.

"Sample" The oscilloscope acquires the input data with a sample rate which is
aligned to the time base (horizontal scale) and the memory depth. Usu-
ally, most signals are displayed optimally with this acquisition mode if
all trigger conditions are met.

"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 waveform
tion" sample. Averaging reduces the noise, the result is a more precise
waveform with higher vertical resolution.

Remote command:
CHANnel<m>:TYPE on page 276

Wavef. Arithmetic

Waveform arithmetic builds the resulting waveform from several consecutive acquisitions
of the signal (envelope and average) or by other operations on the captured data. The
arithmetic works with all sample modes and decimated waveforms.

"Off" No arithmetic is applied.

"Envelope" The minimum and maximum values are saved in addition to the normal
waveform samples. The resulting diagram shows two envelope wave-
forms below and above the normal waveform: the minimums (floor) and
maximums (roof) representing the borders in which the signal occurs.
The envelope is refreshed with each acquisition and it is reset each time
the waveform parameters are changed.

"Average" The average is calculated from the data of the current acquisition and
a number of acquisitions before. The method reduces random noise
and other heterodyne signals. It requires a stable, triggered and repet-
itive signal.

The number of acquisitions for average calculation is defined with No.
of Averages.

"Smooth" Smoothing calculates a mean value of several adjacent sample points
and displays it. The result is a smoothed waveform. Thus, smoothing
is a moving average that uses the full data and can be used for non-
periodic signals. It works like a low-pass, and increases the vertical
resolution at the expense of bandwidth reduction.

"Filter" Filter is a low-pass with 3 db attenuation at a configurable limit fre-
quency set with "Limit Freqg.". The filter removes higher frequencies
from the channel signals.

Remote command:
CHANnel<m>:ARIThmetics on page 277

Nx Single
Sets the number of waveforms acquired with RUN Nx SINGLE.

Remote command:
ACQuire:NSINgle:COUNt on page 272

No. of Averages

Defines the number of waveforms used to calculate the average waveform with "Wfm.
Arithmetics" = "Average". Only numbers from the 2" progression are available. The higher
the number, the better the noise is reduced.

Remote command:
ACQuire:AVERage:COUNt on page 275
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Limit Freq.
Sets the limit frequency for "Wfm. Arithmetics" = "Filter". The low pass filter has 3 dB
attenuation at the given limit frequency.

Remote command:
ACQuire:FILTer:FREQuency on page 277

Waveform Rate
Defines the mode to set the sample rate (samples per second saved in the memory) and
the waveform acquisition rate (waveforms per second).

"Max. Wfm. The instrument combines sample rate and memory depth to acquire at
Rate" maximum waveform acquisition rate. In connection with persistence,
the mode can display rare signal anomalies.
Note: Due to less memory depth, aliasing effects may occur.

"Max. Sa. The instrument acquires the signal at maximum sample rate and uses

Rate" the full memory depth. The result is a waveform with maximum number
of waveform samples, high degree of accuracy, and low risk of aliasing.
However, the waveform acquisition rate is low.

"Automatic" Default mode: To display the best waveform, the instrument selects the
optimum combination of waveform acquisition rate and sample rate
using the full memory depth.

Remote command:
ACQuire:WRATe on page 276

Interpolation
Selects the interpolation method if the real time sample mode needs interpolation.

"Sin (x)/x" Two adjacent ADC sample points are connected by a sin(x)/x curve,
and also the adjoining sample points are considered by this curve. The
interpolated points are located on the resulting curve. This interpolation
method is the default method. It is very precise and shows the best
signal curve.

"Linear" Two adjacent ADC sample points are connected by a straight line, the
interpolated points are located on the line. You see a polygonal wave-
form similar to the real signal, and also the ADC sample points as ver-

texes.
"Sample & The ADC sample points are displayed like a histogram. For each sam-
Hold" ple interval, the voltage is taken from the sample point and considered

as constant, and the intervals are connected with vertical lines. Thus,
you see the discrete values of the ADC.

Remote command:
ACQuire:INTerpolate on page 275

Roll
Enables the roll mode.
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The roll mode moves the captured input data on the display from the right to the left. The
instrument shows the waveform immediately, without waiting for the complete acquisition
of the waveform record. The roll mode displays the untriggered signal. Use the roll mode
for slow, non-repetitive signals with 200 kHz or slower.

Remote command:
TIMebase:ROLL:ENABle on page 277

Vertical Settings

To adjust the vertical settings, you use the keys and rotary knobs in the VERTICAL func-
tional block of the front panel and the channel-specific softkey menu.

VERTICAL Controls

REF functions are described in chapter 5, "Reference Waveforms", on page 71. MATH
functions are described in chapter 7, "Mathematics", on page 94.
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Each channel key turns on an analog channel, selects it, and opens the "Channel" menu
with the vertical settings of the selected channel. The key is illuminated in the channel
color, if the channel is active.

The effect of the keypress depends on state of the channel:
e [fchannelis off: Pressing the key turns the channel on and selects it. The rotary knobs
alongside light up in the channel color.
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e [fthe channelis on: Pressing the key selects the channel waveform for vertical setup.

Remote command:
CHANnel<m>:STATe on page 278

SIGNAL OFF
Turns the selected signal off and selects the next channel, math or reference waveform.

The key lights up in the color of the selected signal and changes the light according to
the new selection.

Remote command:
CHANnel<m>:STATe on page 278

POSITION / OFFSET

The rotary knob adjusts the vertical position or the DC offset. It lights up in the color of
the selected waveform. Pressing the key toggles the parameter, the current parameter
and its value are shown in a temporary label marked with the channel color.

Note: By default, offset is disabled. Press the "Offset" softkey in the "Channel" menu to
enable the offset.

POSITION — POSITION / OFFSET

Position changes the vertical location of the selected channel, math, or reference wave-
form, or of the decoded bus signal. Turn clockwise to move the waveform up. At zero-
crossing, the knob shortly snaps in and the setting is kept constant to simplify the zero-
setting.

Remote command:

CHANnel<m>:POSition on page 280

CALCulate:MATH<m>:POSition on page 331

BUS:POSition on page 360

OFFSET — POSITION / OFFSET

The offset voltage is subtracted to correct an offset-affected signal. The vertical center
of the selected channel is shifted by the offset value and the signal is re-positioned within
the diagram area.

Use the offset to measure small AC voltages that are overlaid by higher DC voltages.
Unlike AC coupling, the DC part of the signal is not lost with offset setting. The device
under test is not affected. The offset always has to be set manually, it is not included in
the autoset process.

Turn clockwise to move the waveform down. At zero-crossing, the knob shortly snaps in
and the setting is kept constant to simplify the zero-setting.

If an active probe is connected, the offset limit is defined by the probe. Refer to the doc-
umentation of the probe for allowed values.

Remote command:

CHANnel<m>:0FFSet on page 280

PROBe<m>: SETup:UOFFset on page 290

—
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SCALE, Y-Scale

Sets the vertical scale in Volts per division to change the amplitude of the selected chan-
nel, math, or reference waveform, or of the decoded bus signal. The current value is
shown in the waveform label above the grid. The knob lights up in the color of the selected
waveform.

Turn SCALE clockwise to stretch the waveform. Doing so, the scale value V/div decrea-
ses. Press the knob to toggle between fine and rough adjustment.

To set the vertical sclae for a channel waveform numerically, press the "Y-Scale" softkey
in the channel menu and then use the NAVIGATION knob.

Remote command:

CHANnel<m>:SCALe on page 279

CALCulate:MATH<m>:SCALe on page 330

BUS:DSI%e on page 360

Channel Menu

The softkeys of the "Channel <n>" menu are placed on two menu pages. Each channel
has its own menu.

The channel label shows the basic vertical settings: vertical scale (in the figure below,
channel 1: 5 mV/div), coupling (DC), termination (50 2, and bandwidth (limited). The label
of the active channel is highlighted with the channel color (channel 1).
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(0] o1 31
DTS TS] S 31
TRFESNOIA. ... .ottt e e e e e e e e et e eeee et e ieeeeeeeesereressbbabannseeeaaaeseerennres 31
(=] o1 DR PPTPRR 31
Coupling

Selects the connection of the input signal. The current coupling of each channel is shown
in the waveform labels above the grid.

—
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"AC" A 2 Hz high-pass filter is placed into the signal path that removes the
DC offset voltage from the input signal. AC coupling is labeled with =.

"DC" DC coupling passes the input signal unchanged. It is labeled with =.

"GND" Connects the input virtually to the ground. All channel data is setto a

constant ground value. Ground connection is labeled with

Remote command:
CHANnel<m>:COUPling on page 279

Termination

Adjusts the input impedance of the instrument to the impedance of the DUT. By default,
the oscilloscope has an input impedance of 1 MQ || 13pF. If an active probe is used, the
termination is read out from the probe - usually it is 50 Q.

"50Q" In measurement systems that are dimensioned for a characteristic
impedance of 50 Q, reflections along the signal path are minimized by
setting the input resistor of the oscilloscope also to 50 Q. This increases
the accuracy of measurement results. 50 Q termination is identified for
each channel by the icon Q in the waveform label.

"1 MQ" The high input resistor minimizes the loading effect on the device under
test. This value is set automatically if a passive probe is connected and
cannot be changed.

Remote command:
CHANnel<m>:COUPling on page 279

Bandwidth

Selects the bandwidth limit. The specified full bandwidth indicates the range of frequen-
cies that the instrument can acquire and display accurately with less than 3dB attenua-
tion. The probe has also a limited bandwidth and thus affects the resulting system band-
width.

See also: chapter 2.1.1.3, "Bandwidth", on page 12

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

"400 MHz, Frequencies above the selected limit are removed to reduce noise at

200MHz, different levels. These bandwidth limits are indicated by the icon  in

20MHZz" the waveform label.

Remote command:
CHANnel<m>:BANDwidth on page 280

Offset
See "OFFSET" on page 28.

Invert

Turns the inversion of the signal amplitude on or off. To invert means to reflect the voltage
values of all signal components against the ground level. Inversion affects only the display
of the signal but not the trigger. For example: if the oscilloscope triggers on the rising
edge, the trigger is not changed by inversion, but the actually rising edge is displayed as
falling edge.
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Inversion is indicated by a line above the channel name in the waveform label.

Remote command:
CHANnel<m>:POLarity on page 281

Y-Scale
See "SCALE, Y-Scale" on page 29

Probe
Opens the Probe menu. The menu is different for active and passive probes.

e chapter 2.3.3.3, "Probe Menu (Passive Probe)", on page 32
e chapter 2.3.3.4, "Probe Menu (Active Probe)", on page 32

Deskew

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.

Signals which are routed over lines with different lengths have a different propagation
delay. If high speed signals are measured, this delay may lead to a non-synchronous
waveform display. For example, a coax cable with a length of one meter has a propaga-
tion delay of typically 5.3 ns.

Remote command:
CHANnel<m>:SKEW on page 281

Threshold
Access: CH N > "More" (page 2) > "Threshold"

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.

m = n
—
h
You can:
e Select one of the default values for TTL, ECL, or CMOS
— TTL: 1,4V
- ECL:1,3V
- CMOS: 2,5V

e Set the "User" value individually
e Let the instrument analayze the signal and find an appropriate level

The threshold is applied to the selected channel.

Remote command:
CHANnel<m>:THReshold on page 282

Label
Opens the "Label" menu to define an additional name label for the selected waveform.

—
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See: chapter 2.3.3.5, "Label Menu", on page 34

2.3.3.3 Probe Menu (Passive Probe)

In the probe menu for passive probes, the probe attenuation for the selected channel is
set. If the probe is known to the instrument, the attenuation factor is set automatically.
For unknown probes, you can select a default factor or enter a user-defined value.

Access: CH N > "More > Probe"

x1, x10, x100, x1000: attenuation factor

The keys select a default attenuation factor of the connected probe. The vertical scaling
and measured values are multiplied by this factor so that the displayed values are equal
to the undivided measured signal values.

To set an arbitrary attenuation factor, press the "User" softkey.

User: user-defined attenuation factor

You can enter an arbitrary attenuation factor in the range between x0.001 and x1000.
The vertical scaling and measured values are multiplied by this factor so that the dis-
played values are equal to the undivided measured signal values.

Remote command:
PROBe<m>: SETup:ATTenuation:MANual on page 287

Unit

Selects the unit that the probe can measure.

e V - for voltage measurements

e A -for current measurements

Remote command:
PROBe<m>:SETup:ATTenuation:UNIT on page 287

2.3.3.4 Probe Menu (Active Probe)

In the probe menu for active probes, you can also adjust the offset value for the selected
channel. Termination and attenuation are read out from the probe and do not need any
adjustment.

Access: CH N > "More > Probe"
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Offset
See "OFFSET" on page 28.

ProbeMeter

Activates the integrated R&S ProbeMeter of active R&S probes and selects the probe
type. This voltmeter measures DC voltages between the probe tip and ground connection
with very high precision and enables ground-referenced measurements of voltages. The
DC measurement is performed continuously and in parallel to the measurements of the
oscilloscope. If activated, the DC offset measured on the probe tip is shown in a colored
label below the channel label.

"Inactive" ProbeMeter is disabled.

"Single Ended" ProbeMeter of a single-ended active probe is enabled.
Remote command:

PROBe<m>:SETup:0FFSwitch on page 289

PROBe<m>: SETup:DCOFfset? on page 288

Micro Button

Active R&S probes have a configurable Micro Button on the probe head. Pressing this
button, you can perform an action on the instrument directly from the probe. During inter-
nal automatic processes the button is disabled, for example, during self alignment, auto-
set, and find level.

Select the action that you want to start from the probe.

"Continuous" Pressing the Micro Button starts continuous acquisition like the RUN
key. The acquisition is running as long as you press the Micro Button
again.

"Single" Starts one acquisition.

"Autoset” Starts the autoset procedure.

"None" Select this option to prevent unwanted actions due to unintended usage

of the Micro Button.

Remote command:
PROBe<m>: SETup:MODE on page 289

Info

Shows general information on the connected probe, for example, type, serial number,
and production date, as well as electrical characteristics like bandwidth, attenuation, input
capacitance and impedance, voltage and DC offset range.

—
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2.3.3.5 Label Menu

Access: CH N > "More > Label"

In the "Label" menu, you can define an additional name label for the selected waveform.

Label
Shows or hides the channel name. The name label is shown at the vertical center of the
channel on the right edge of the display.

Remote command:
CHANnel<m>:LABel:STATe on page 282

Library
Selects a predefined name text and assigns it to the selected channel. The text can be
edited with "Edit Label".

Edit Label
Opens on-screen keyboard to enter a waveform name. If you previously have selected
a text from the library, it is already written in the entry line, and you can modify it.

The maximum name length is 8 characters, and only ASCII characters provided on the
on-screen keyboard can be used.

Remote command:
CHANnel<m>:LABel on page 282

—
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3 Triggers

3.1 Basics of Triggering

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 analog, digital, and logic signals.

Trigger

A trigger occurs if the complete set of trigger conditions is satisfied simultaneously. It
establishes the time-zero point in the waveform record. The instrument acquires contin-
uously 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 the instrument will not accept another trigger until the acqui-
sition is complete.

Trigger conditions

A simple set of trigger conditions includes:
e Source of the trigger signal
e Trigger type and and its setup

Horizontal position of the trigger: trigger position and reference point
e Trigger mode
The R&S RTM provides various trigger types for troubleshooting and signal analysis, for

example, edge trigger, width trigger, pattern trigger, and specific triggers like video and
bus triggers.

More complex trigger conditions are also available: you can setup a trigger sequence to
join two edge triggers with an optional delay time or event count. Similar setups are also
known as multi-step trigger or A/B trigger.

Furthermore, hysteresis avoids unwanted trigger events caused by noise.

Trigger event

In particular for the A/B trigger sequence, it is important to distinguish between the trigger
and the event. An event is the fulfillment of the event conditions, but an event may not
be the trigger. The trigger occurs only if the conditions of all events - the A event and the
B event - in a trigger sequence and all further trigger conditions are all fulfilled.

Trigger information

Information on the most important trigger settings are shown in the information bar. The
label shows:

e Trigger source and level

e Trigger coupling and filters
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e Trigger slope or other conditions specific for the selected trigger type

L S = =

Fig. 3-1: Trigger information: Normal trigger mode, trigger source is channel 1, width trigger to find
negative pulses shorter than a given pulse width, trigger level = 1.71 mV

T - . TN
Fig. 3-2: Trigger information: Normal trigger mode, trigger sequence; A-event has source channel 1,
edge trigger on rising edge with DC coupling and HF reject, trigger level 1.71 mV; B-event

has source channel 2, edge trigger on rising edge and trigger level 0 V; instrument trig-
gers on the second B-event

3.2 Setting Up the Trigger

This chapter provides step-by-step procedures for the important stages of trigger setup.
The settings mentioned here are described in detail in chapter 3.3, "Reference for Trig-
gers", on page 37.

3.2.1 Configuring the Trigger Event

Prerequisites:
e Horizontal and vertical settings are set appropriately to the signals.
e The acquisition is running, the RUN CONT key lights green.

1. Press the SETUP key in the TRIGGER functional block.

The "Trigger" menu opens.

Press the "Source" softkey and select the trigger source.

Press "Setup” to return to the "Trigger" menu.

Press the "Type" softkey repeatedly until the required trigger type is selected.
Select "Setup".

o g M w b

Configure the settings for the selected trigger type.
For details, see:

e chapter 3.3.2.2, "Edge", on page 41

e chapter 3.3.2.3, "Width", on page 43

e chapter 3.3.2.4, "Video", on page 45

e chapter 3.3.2.5, "Pattern”, on page 47

e chapter 3.3.2.6, "Protocol", on page 48

7. Setthe "Normal" trigger mode: Press the AUTO/NORMAL key on the front panel until
"Norm" is shown in the information bar.

—
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3.2.2 Positioning the Trigger

By positioning the trigger, you define which part of the waveform is displayed: mainly the
pretrigger part, or the posttrigger part, or the part around the trigger point. Therefore, you
set the time reference (also known as reference point) and the trigger position in relation
to the time reference.

1. To set the time reference point:

a) Press the SETUP key on the left of the display.
b) Select "Time Reference".
c) Turn the navigation knob to move the reference point.

2. To set the trigger position, turn the POSITION rotary knob in the HORIZONTAL func-
tional block.

3.2.3 Setting Up a Trigger Sequence

An A/B trigger sequence consists of two edge triggers connected by a time delay or event
count.

1. Press the SETUP key in the TRIGGER functional block.
Press the "Trigger Type" softkey and select "Edge" trigger.

Select "Setup”, configure the A trigger and select "Back".

A w0 BN

Press the "B-Trigger" softkey to enable the B-trigger.

The LEVEL knob and SLOPE key on the front panel are automatically assigned to
the B-trigger. You can change the assignment with the "Trigger Level" softkey in the
"Trigger" menu.

5. Press the "B-Setup" softkey.

6. Configure the B-trigger: Select "B-Source" and "Slope", and turn the LEVEL rotary
knob to adjust the B-trigger level.

7. Define the connection between the A and B triggers by doing one of the following:

e Press "Time" and adjust the delay time with the navigation knob.
e Press "Events" and enter the number of B-trigger events that have to be fulfilled
until the instrument triggers.

3.3 Reference for Triggers

The trigger settings are located in the TRIGGER functional block on the front panel and
in the "Trigger" softkey menu.
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3.3.1 TRIGGER Controls

The keys and the rotary knob in the TRIGGER functional block adjust the trigger and start
or stop acquisition.

RUN CONT

Starts and stops the continuous acquisition. A green light indicates a running acquisition.
A red light shows that acquisition is stopped.

The status is also shown at the right end of the information bar: "Run" or "Complete".

Remote command:

RUN on page 271
RUNContinous on page 272
STOP on page 272

RUN Nx SINGLE
Starts a defined number of acquisitions. Press the key again to stop running acquisitions.

To set the number of acquisitions, press the ACQUISITION key and enter "Nx Single".

Remote command:
SINGle on page 272
RUNSingle on page 272

FORCE

If the acquisition is running in normal mode and no valid trigger occurs, forcing the trigger
provokes an immediate single acquisition. Thus you can confirm that a signal is available
and use the waveform display to determine how to trigger on it.

MODE

Toggles the trigger mode between Auto and Normal. The trigger mode determines the
behaviour of the instrument if no trigger occurs. The current setting is shown in the infor-
mation bar.

"Auto" The instrument triggers repeatedly after a time interval if the trigger
conditions are not fulfilled. If a real trigger occurs, it takes precedence.
This mode helps to see the waveform even before the trigger is set. The
waveform on the screen is not synchronized, and successive wave-
forms are not triggered at the same point of the waveform.

—
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"Normal" The instrument acquires a waveform only if a trigger occurs, that is, if
all trigger conditions are fulfilled. If no trigger occurs, no waveform is
acquired and the last acquired waveform is displayed. If no waveform
was captured before, nothing is displayed.

Remote command:
TRIGger:A:MODE on page 292

LEVEL

The rotary knob changes the trigger treshold voltage for all trigger types that require a
trigger level.

Turn clockwise to move the trigger level up. At zero-crossing, the knob shortly snaps in
and the setting is kept constant to simplify the zero-setting. Press the knob to set the level
to 50% of the signal amplitude.

If a B-trigger is enabled, the knob can set the level for both the A- and B-trigger. To assign
the level to the A- or B-trigger, use "Trigger Level" in the "Trigger" menu.

Remote command:

TRIGger:A:LEVel<n>[:VALue] on page 292

TRIGger:A:FINDlevel on page 292

TRIGger:B:FINDlevel on page 299

SETUP
Opens the "Trigger" menu.

SOURCE

Opens the "Trigger Source" menu. Press the key repeatedly until the required source is
selected. The key lights up in the color of the selected trigger channel. The selected
source is shown in the information bar.

SLOPE

If you have selected "Edge" trigger as trigger type with an analog trigger source, the
SLOPE key toggles the trigger slope. The current setting is shown by an icon in the
information bar.

If a B-trigger is enabled, the key can set the slope for both the A- and B-trigger. To assign
the slope to the A- or B-trigger, use "Trigger Level" in the "Trigger" menu.
3.3.2 Trigger Settings

Trigger settings consist of general settings in the "Trigger" menu and the trigger type-
specific setup. For B-trigger setup, a separate menu is provided.
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3.3.21 Trigger Menu and Trigger Source
The "Trigger" menu is general menu for all trigger types and leads to the type-specific

menus.

The content of the "Trigger Source" menu depends on the trigger type. The figure below
shows the trigger source menu for edge, width, and video triggers.

To set the trigger offset, use the horizontal POSITION rotary knob, see "POSITION"

on page 23.
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Trigger Type

Selects the trigger type.

For details, see:

e chapter 3.3.2.2, "Edge", on page 41
chapter 3.3.2.3, "Width", on page 43
chapter 3.3.2.4, "Video", on page 45
chapter 3.3.2.5, "Pattern”, on page 47
chapter 3.3.2.6, "Protocol", on page 48

Remote command:
TRIGger:A:TYPE on page 293

Setup
Opens the setup menu for the selected trigger type.

Source
Opens the "Trigger Source" menu for the selected trigger type.

Remote command:
TRIGger:A:SOURce on page 293
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Channel N — Source
Selects one of the input channels as trigger source.

AC Line — Source
Selects the mains supply of the oscilloscope as trigger input for the edge trigger. The
instrument extracts the trigger signal from the power supply.

Extern < Source
Sets the External Trigger Input on the rear panel as trigger source. Select the signal type
that is connected: AC or DC.

Remote command:
TRIGger:EXTern:COUPling on page 293

Hold Off
Defines the holdoff as a time period. The next trigger occurs only after the holdoff time
has passed.

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.

Remote command:
TRIGger:A:HOLDoff:TIME on page 294

B-Trigger
Activates or deactivates the second event in a trigger sequence. The instrument triggers
if both trigger event conditions (A and B) are fulfilled.

If the B-trigger is activated, the LEVEL rotary knob and the SLOPE key are automatically
assigned to the B-event. You can toggle the assignment of these controls with the "Trigger
Level" setting in the "Trigger" menu.

Remote command:
TRIGger:B:ENABle on page 299

B-Setup

Opens the menu for B-trigger configuration. The B-trigger is a second edge trigger event
that can be combined with a preceeding edge trigger event. The trigger conditions of this
second event are considered when the conditions of the main event (A-trigger) are met.

For a description of the menu, see chapter 3.3.2.7, "B-Setup", on page 48.

Trigger Level

Assigns the SLOPE key and the LEVEL rotary knob on the front panel to the A- or B-
event. The function is only relevant if the B-trigger is enabled. The SOURCE key sets
always the A-trigger source.

3.3.2.2 Edge

The edge trigger is the simpliest and most common trigger type. It is well-known from
analog oscilloscopes; and you can use it for analog and digital signals. The trigger event

—
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occurs when the signal from the trigger source passes the specified treshold voltage -
the trigger level - in the specified direction (slope).

The edge trigger is also selected with the AUTOSET function.
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Slope

Sets the edge for the trigger.

"Rising" Selects the rising edge, that is a positive voltage change.

"Falling" Selects the falling edge, that is a negative voltage change.

"Both" Selets the rising as well as the falling edge.

Remote command:
TRIGger:A:EDGE:SLOPe on page 294

Coupling

Sets the coupling for the trigger source.

"AC" Alternating Current coupling. A 5 Hz high pass filter is connected into
the trigger path and removes the DC offset voltage from the trigger sig-
nal.

"DC" Direct Current coupling. The trigger signal remains unchanged.

Remote command:
TRIGger:A:EDGE:COUPling on page 294

LF Reject

Sets the trigger coupling to high frequency. A 15 kHz high-pass filter is connected into
the trigger path and removes lower frequencies from the trigger signal. Use this mode
only with very high frequency signals.

Remote command:
TRIGger:A:EDGE:COUPling on page 294

HF Reject
Turns an additional 5 kHz low-pass filter in the trigger path on or off. This filter removes
higher frequencies and is available with AC and DC coupling.

Remote command:
TRIGger:A:EDGE:FILTer:LPASs on page 295

|
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Low-pass
Turns an additional 100 MHz low-pass filter in the trigger path on or off. This filter removes
higher frequencies and is available with AC and DC coupling.

Remote command:
TRIGger:A:EDGE:FILTer :NREJect on page 295

Hysteresis A/ B

Sets a hysteresis range around the trigger level. If the signal jitters inside this range and
crosses the trigger level thereby, no trigger event occurs. Thus, hysteresis avoids unwan-
ted trigger events caused by noise oscillation around the trigger level.

Hysteresis is available for the edge trigger (A-event and B-event) and for the width trigger.

To see the hysteresis on the display, activate "Trigger Hyst." in the "Display > Auxillary
Cursors" menu.
The hysteresis value depends on the vertical scale.

Remote command:
TRIGger:A:HYSTeresis on page 293
TRIGger:B:HYSTeresis on page 300

3.3.2.3 Width

The width trigger compares the pulse width (duration) 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 instrument triggers if the pulse does not cross the specified voltage treshold twice.
The pulse width is measured at the trigger level.
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Comparison

Sets how the measured pulse width is compared with the given limit(s).
"ti<t, ti>t" Triggers on pulse width shorter or longer than the reference "Time t".
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"ti=t" Triggers on pulse width equal to the reference "Time t" if "Variation" At
=0.
If "Variation" # O: this setting triggers on pulses within the range txAt.
"ti#t" Triggers on pulses unequal to the reference "Time t", if "Variation" At =
0.
If "Variation" # 0: this setting triggers on pulses outside a range ttAt.
"Inside, Out- Triggers on pulses inside or outside a range specified with "Time t1"
side" and "Time t2".

This method is an alternative setting to the range definition with "Time
t" and "Variation". The values are interdependent. "Variation" and "Time
t" are adjusted If you change t1 and t2, and vice versa.

Remote command:
TRIGger:A:WIDTh:RANGe on page 295

Polarity

Sets the polarity of the pulse.

"Pos." Positive going pulse, the width is defined from the rising to the falling
slopes.

"Neg." Negative going pulse, the width is defined from the falling to the rising
slopes.

Remote command:
TRIGger:A:WIDTh:POLarity on page 295

Time t
Sets the reference time, the nominal value for comparisons ti<t, ti>t, ti=t, ti+t.

Remote command:
TRIGger:A:WIDTh:WIDTh on page 296

Variation
Sets a range At to the reference "Time t", if comparison is set to "ti=t" or "ti+t". The instru-
ment triggers on pulses inside or outside the range tizAt.

Remote command:
TRIGger:A:WIDTh:DELTa on page 296

Time t1, Time t2
Set the lower and upper time limits defining the time range if "Inside" or "Outside" is set
for comparison. "Time t" and "Variation" are adjusted accordingly.

Hysteresis A/ B

Sets a hysteresis range around the trigger level. If the signal jitters inside this range and
crosses the trigger level thereby, no trigger event occurs. Thus, hysteresis avoids unwan-
ted trigger events caused by noise oscillation around the trigger level.

Hysteresis is available for the edge trigger (A-event and B-event) and for the width trigger.

To see the hysteresis on the display, activate "Trigger Hyst." in the "Display > Auxillary
Cursors" menu.
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The hysteresis value depends on the vertical scale.

Remote command:
TRIGger:A:HYSTeresis on page 293
TRIGger:B:HYSTeresis on page 300

3.3.2.4 Video

The video or TV trigger is used to analyze analog baseband video signals. You can trigger
on baseband video signals from standard definition and high definition standards.

The trigger level is determined and set automatically by the instrument.

First select the standard and the signal polarity, then decide to trigger on lines or fields
and enter the specific settings.

sl == | Most video signals have an output impedance of 75 Q. The channel inputs of the
R&S RTM have an inputimpedance of 50 Q or 1 MQ. Make sure to provide the adequate
matching to ensure amplitude fidelity. A simple 75 Q feed-through termination combined
with 1 MQ oscilloscope inputs is suitable for most applications.
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Standard

Selects the color television standard.

You can trigger on various SDTV signals like PAL, PAL-M, SECAM, NTSC and
SDTV 576i (PAL and SECAM).

HDTYV standards are indicated by the number of active lines and the scanning system (p
for progressive scanning, i for interlaced scanning.

Remote command:
TRIGger:A:TV:STANdard on page 296

Signal

Selects the polarity of the signal. Note that the sync pulse has the opposite polarity. If the
video modulation is positve, the sync pulses are negative. If the modulation is negative,
sync pulses are positive. The edges of the sync pulses are used for triggering, therefore
incorrect polarity setting causes a sporadic triggering by the video information.
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M A

Fig. 3-3: Positive video signal with negative bi-level sync pulse (SDTV, left) and negative signal with
positive tri-level sync pulse (HDTYV, right)

Remote command:
TRIGger:A:TV:POLarity on page 297

Trigger On
Toggles between triggering on line starts or frame starts.

Line aloows to trigger on "All Lines" or on one specified "Line".

"Frame" has different effect depending on the selected signal standard:

e For standards using progressive scanning (HDTV 720/1080i), the instrument triggers
on the frame start.

e All other available standards use interlaced scanning, and the instrument triggers on
the field start. You can select the field type to be triggered on using "Frame".

Remote command:
TRIGger:A:TV:FIELd on page 297

Line
Sets an exact line number if "Trigger on" is "Line". If the other trigger conditions are also
met, the oscilloscope triggers exactly on the beginning of the selected line in any field.

Remote command:
TRIGger:A:TV:LINE on page 297

All Lines

The oscilloscope triggers on the beginning of all video signal lines if "Trigger on" is
"Line".

Remote command:

TRIGger:A:TV:FIELd on page 297

Frame
The oscilloscope triggers on the beginning of the video signal fields if the other trigger
conditions are fulfilled. The setting is available for video signals using interlaced scanning.

"All" Triggers on all fields
"Odd" Triggers only on odd fields.
"Even" Triggers only on even fields.

Remote command:
TRIGger:A:TV:FIELd on page 297
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3.3.2.5 Pattern

The Pattern trigger is is a logic trigger. It provides any logical combination of the input
channels and supports you in verifying the operation of digital logic.

The "Setup" and the "Source" menus for the pattern trigger are identical.
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Channel N

Select the state for each digital channel. The states are:

"H" High: the signal voltage is higher than the trigger level.

"L Low: the signal voltage is lower than the trigger level.

"X" Don't care: the channel does not affect the trigger.

If X is set for all channels, the oscilloscope triggers only in automatic
trigger mode.

Remote command:
TRIGger:A:PATTern: SOURce on page 298

Combination
Sets the logical combination of the trigger states of the channels.

"And" The required states of all channels must appear in the input signal at
the same time.

"Or" At least one of the channels must have the required state.

Remote command:
TRIGger:A:PATTern:FUNCtion on page 298
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Trigger On
Sets the trigger point depending on the result of the logical combination of the channel
states.

Remote command:
TRIGger:A:PATTern:CONDition on page 298

3.3.2.6 Protocol

The "Protocol" trigger menu contains the trigger settings for the serial bus or interface
that is configured with PROTOCOL. Protocol analysis requires additional options.

For protocol setup and trigger settings, see chapter 11, "Protocol Analysis",
on page 144.

To trigger on parallel buses, use the pattern trigger. See: chapter 3.3.2.5, "Pattern”,
on page 47.

3.3.2.7 B-Setup

The B-trigger is a second edge trigger event that can be combined with a preceeding
edge trigger event. The conditions of this second event are considered when the condi-
tions of the main event (A-trigger) are met.

B-Source
Selects one of the input channels as B-trigger source. Press the softkey repeatedly until
the required source is selected.

Remote command:
TRIGger:B:SOURce on page 299

Slope

Sets the edge for the B-trigger event.

"Positive" Selects the rising edge, that is a positive voltage change.
"Negative" Selects the falling edge, that is a negative voltage change.
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"Both" Selets the rising as well as the falling edge.

Remote command:
TRIGger:B:EDGE: SLOPe on page 299

Level
Sets the trigger level for the B-trigger event.

Remote command:
TRIGger:B:LEVel on page 299

Trigger On
Sets an additional delay condition for the B-event: time delay or event delay. According
to this selection, set also "Time" or "Events" to define the condition completely.

Remote command:
TRIGger:B:MODE on page 300

Time

Sets the time the instrument waits after an A-event until it recognizes B-events.
Remote command:

TRIGger:B:DELay on page 300

Events

Sets a number of B-trigger events that fulfill all B-trigger conditions but do not cause the
trigger. The oscilloscope triggers on the n-th event (the last of the specified number of
events).

Remote command:
TRIGger:B:EVENt:COUNt on page 300

Hysteresis A/ B

Sets a hysteresis range around the trigger level. If the signal jitters inside this range and
crosses the trigger level thereby, no trigger event occurs. Thus, hysteresis avoids unwan-
ted trigger events caused by noise oscillation around the trigger level.

Hysteresis is available for the edge trigger (A-event and B-event) and for the width trigger.

To see the hysteresis on the display, activate "Trigger Hyst." in the "Display > Auxillary
Cursors" menu.

The hysteresis value depends on the vertical scale.

Remote command:

TRIGger:A:HYSTeresis on page 293

TRIGger:B:HYSTeresis on page 300
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4 Display

This chapter provides information on display configuration and display modes.

The default display is a waveform diagram with a time axis in x-direction and the signal
amplitudes displayed in y-direction - the Y(t) or time diagram. You can adjust the visibility
of diagram elements and waveform to your needs. See chapter 4.1, "General Display
Settings", on page 50 for details.

You can also display and configure XY-diagrams to combine the voltage levels of two
waveforms in one diagram. This display mode is described in chapter 4.2, "XY-Dia-
gram", on page 57.

Furthermore, you can zoom into waveforms to analyze the results in more detail. The
zoom display mode is described in chapter 4.3, "Zoom", on page 62.

In a Y(t)-diagram and in zoom mode, you can set markers to mark positions of interest
in the waveform. See chapter 4.4, "Markers", on page 67 for details.
In addition to zoom and XY-diagram modes, the following functional modes are available:

® FFT analysis, see chapter 8.2, "Configuring and Using FFT Calculations",
on page 107

® Mask testing, see chapter 9.2, "Working with Masks", on page 120

4.1 General Display Settings

General display settings adjust the visibility of diagram elements and waveforms.

The individual diagram elements can be shown or hidden:

e Basic diagram elements: grid and crosshairs

e Point of the trigger event

e Channel cursors to mark the ground level and the DC offset

You can also adjust how the waveforms are displayed. The intensity and brightness of
the individual screen elements can influence the readability of the results. Depending on
which type of result you are interested in, e.g. frequency of occurance, time of occurance,
or amplitude of a specific value, different settings may be necessary to highlight that
aspect in the display.

The waveform display depends on the following criteria:

e Waveform style: dots or line

e Intensity: adjusts the optimal contrast of the display
Three settings can be changed to improve the contrast for the relevant display ele-
ments.
— Theintensity of the waveform determines the strength of the signal in the diagram.

— The intensity of the background lighting determines the contrast of the signal.
— The intensity of the grid has an influence on the readability of the signal.

—
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e Persistence defines how long a data point is displayed in the diagram. Each new data
point remains on the screen for the defined persistence time, or infinitely until the
persistence time is changed or the persistence is cleared.

e Signal colors or brightness depend on on the cumulative frequency of the values.
By default, values that occur frequently are displayed brighter than rare values. Alter-
natively, the brightness level can be converted to a color range, i.e. the color changes
gradually with increasing cumulative occurance.

Itis also possible to invert the brightness display so that rare values are brighter than
frequent values. This setting is useful in combination with persistence to detect rare
values within the waveform.

4.1.1 Configuring the Display

41.1.1 Configuring the Diagram Elements

To display the grid or crosshairs

1. Press "DISPLAY > Grid > Lines" to display a grid.

2. Press "DISPLAY > Grid > Reticle" to display crosshairs.

3. Press "DISPLAY > Grid > Off" to remove both the grid and the crosshairs.

To display the trigger event or the channel cursors

The marker of trigger event and the channel cursors are auxiliary cursors. By default,
both auxiliary cursors are displayed. They help to evaluate specific results more easily.

1. Press "DISPLAY > Aux. Cursor > Trigger Event" to display a trigger cursor.

A rhombus marks the point where the trigger event happened.

2. Press "DISPLAY > Aux. Cursor > Channel Cursors" to display a channel cursor.

A dashed line is displayed that marks the ground level of the displayed channel. If a
DC offset is defined, a second auxiliary line is displayed. The distance between those
two lines is the DC offset.

3. Press"DISPLAY > Aux. Cursor > Defaults" to restore the default setting (both cursors
displayed).

41.1.2 Configuring the Waveform Display

The waveform display depends on the following criteria:

® |ntensities adjust the optimal contrast of the display. See "To configure intensity"
on page 52.

e Persistence defines how long a data point is displayed in the diagram. See "To con-
figure persistence" on page 52.
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e Brightness and signal colors depend on the cumulative frequency of the value. See:
"To configure brightness" on page 52

e Waveform as line or points: see "To set the waveform style" on page 53.

To configure intensity

For optimal contrast, you can change the intensity of the waveform, of the grid, and of
the backlight.

1. Press "DISPLAY > Intensities".

2. To set the intensity of the waveform:

a) Press "Waveform".

b) Enter a percentage between 0 (not visible) and 100% (very strong). The default
value is 50%. You can also use the "INTENSITY" knob on the left side of the
screen to adjust the waveform intensity directly.

3. To set the intensity of the grid:

a) Press "Grid".

b) Enter a percentage between 0 and 100%. The default value is 34%.
4. To set the intensity of the backlight:

a) Press "Backlight".
b) Enter a percentage between 10 and 100%. The default value is 50%.

To configure persistence

1. To display only the current signal at any time, press "DISPLAY > Intensities > Per-
sistence” until "Off" is highlighted.

2. To have the instrument define the optimal persistence automatically, press "DISPLAY
> Intensities > Persistence" until "Automatic” is highlighted.

3. To configure the persistence manually:

a) Press "DISPLAY > Intensities > Persistence" until "Manual” is highlighted.
b) Press "DISPLAY > Intensities > Persist. Time" to define the persistence time.
c) Enter a value between 50 ms and 9.6 s or "Infinite".

Each new data point in the diagram area remains on the screen for the defined dura-
tion. If "Infinite" is selected, each new data point in the diagram area remains on the
screen infinitely until this setting is changed or the persistence is cleared.

4. To update the waveform, press "DISPLAY > Intensities > Clear Persist.".

To configure brightness

For better distinction of rare and frequent values, you can apply a color range to the value
frequency. With this color range, rare values are displayed in blue, while more frequent
values are red and very frequent values are displayed in yellow or white, with various
colors inbetween.

|
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It is also possible to invert the brightness display so that rare values are brighter than
frequent values.

1. To convert the brightness level to a color range, press "DISPLAY > Temperature
Colors".

2. Toinvert the brightness level of the signals, press "DISPLAY > Inverse Brightn.".

To set the waveform style

By default, the individual data points are connected by a line. Alternatively, only the indi-
vidual data points can be displayed.

You can change the strength of the line using the "INTENSITY" knob on the left side of
the screen.

» Press "DISPLAY > Dots Only" to display the data points only.

4.1.2 Display Menu

The DISPLAY key provides functions for configuring the display.
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Display Mode
Toggles the diagram mode.

"Y(t)" Default time diagram with a time axis in x-direction and the signal ampli-
tudes displayed in y-direction.

"XY-diagram"  XY-diagrams combine the voltage levels of two waveforms in one dia-
gram. They use the voltage level of a second waveform as the x-axis,
rather then a time base. This allows you to perform phase shift meas-
urements, for example.You can also define the intensity of the XY-dia-
gram according to a further signal source Z.

Together with the XY-diagram, the Y(t)-diagrams of the source signals
are displayed in separate windows.

With R&S RTM1054, it is also possible to define two source signals in
y-direction for comparison.

Remote command:
DISPlay:MODE on page 301

XYZ Setup
See chapter 4.2.2, "XYZ Setup Menu", on page 60.

Intensities
Provides functions to define the intensity of various display elements.

Waveform — Intensities

This value determines the strength of the waveform line in the diagram. Enter a percent-
age between 0 (barely visible) and 100% (very strong). The default value is 50%. You
can also use the "INTENSITY" knob on the left side of the screen to adjust the waveform
intensity directly.

Remote command:
DISPlay:INTensity:WAVeform on page 304

Backlight < Intensities
Defines the intensity of the background lighting of the display in percent. Enter a per-
centage between 10% and 100%. The default value is 50%.

Remote command:
DISPlay:INTensity:BACKlight on page 304

Grid < Intensities
Defines the intensity of the grid on the screen in percent. Enter a percentage between
0%and 100%. The default value is 34%.

Remote command:
DISPlay:INTensity:GRID on page 304
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Persistence < Intensities
Defines the persistence of the waveform on the screen.

"Off" Deactivates persistence

"Automatic” The optimal persistence time is determined automatically by the instru-
ment

"Manual" User-defined persistence according to "Persist. Time" setting.

Remote command:
DISPlay:PERSistence:STATe on page 304
DISPlay:PERSistence:TIME:AUTO on page 305

Persist. Time < Intensities

User-defined persistence time if "Manual" persistence is selected. Each new data point
remains on the screen for the duration defined here. Possible values are from 50 ms to
9.6 s or "Infinite". If "Infinite" is selected, each new data point remains on the screen
infinitely until this setting is changed or the persistence is cleared.

Remote command:
DISPlay:PERSistence:TIME on page 305
DISPlay:PERSistence:INFinite on page 305

Clear Persist. — Intensities
Clears the displayed persistence on the screen.

Remote command:
DISPlay:PERSistence:CLEar on page 305

Dots Only

If activated, only the individual data points are displayed. If deactivated, the individual
data points are connected by a line. Define the strength of the line using the "INTEN-
SITY" knob on the left side of the screen.

Remote command:
DISPlay:STYLe on page 305

Inverse Brightn.

Inverts the brightness level of the signals. Normally, values that occur frequently are
brighter than rare values. This setting inverts this behavior: Rare values are brighter than
frequent values. Use this setting in combination with persistence to detect rare values
within the waveform.

Remote command:
DISPlay:PALette on page 301 (INVerse, IFColor)

-I. Temper. Colors
S "L Temperature Colors: Converts the brightness level of the displayed signals into a color
range, i.e. the color changes gradually in a wide color spectrum with increasing cumula-
tive occurance.

By default, rare values are displayed in blue, while more frequent values are red and very
frequent values are displayed in yellow or white, with various colors inbetween. This
results in a higher contrast, which provides a better perception of details in the waveforms.

—
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Note: The colors change if you invert the brightness display.

Remote command:
DISPlay:PALette on page 301 (NORMal, FColor)

Aux. Cursors
Provides functions to display auxiliary cursors. Highlighted functions are active.

Trigger Event < Aux. Cursors
Show or hides the point of the trigger. A small rhombus markes the intersection of the
trigger level and the trigger offset T.

The offset is related to the reference point and is displayed in the header of the display.
If you change the trigger level or the trigger position, a line appears temporarily to highlight
the changed value.

If the B-trigger is activated, the trigger is the result of an A-event followed by an B-event.
The trigger point has the color of the B-trigger source.

Channel Cursors < Aux. Cursors

Activates or deactivates the channel cursor of the active channel. A channel cursor is a
line that marks the ground level of a channel. This line is displayed temporarily if the y-
scaling is modified and fades out automatically.

If a DC offset is defined, a second auxiliary line is displayed. The distance between those
two lines is the DC offset.

Trigger Hyst. — Aux. Cursors

Shows or hides the hysteresis range around the trigger level when the trigger level or the
hysteresis are changed. Hysteresis avoids unwanted trigger events caused by noise
oscillation around the trigger level.

See also: "Hysteresis A/ B" on page 43

Defaults < Aux. Cursors
Restores the default cursor settings, i.e. both auxiliary cursors are displayed.
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Grid
Defines how the grid is displayed.

"Lines" Displays the grid as horizontal and vertical lines.
"Reticle" Displays crosshairs instead of a grid.
"Off" Removes the grid from the display.

Remote command:
DISPlay:GRID:STYLe on page 306

4.2 XY-Diagram

XY-diagrams combine the voltage levels of two waveforms in one diagram. They use the
amplitude of a second waveform as the x-axis, rather then a time base. This allows you
to perform phase shift measurements, for example. With harmonically related signals the
resulting XY-diagrams are Lissajous patterns. XY-diagrams can also be used to display
the 1Q representation of a signal.

It is also possible to define two source signals in y-direction for comparison.

The intensity of the XY-waveform can be set to a defined level, or be modulated dynam-
ically using a further source signal. In the latter case, the amplitudes of additional source
signal determine the intensity of the displayed waveform. For details, see chapter 4.2.1.2,
"Configuring the Intensity of an XY-Waveform", on page 59.

Together with the XY-diagram, the time diagrams of the source signals are displayed in
separate windows.
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XY-Diagram

Fig. 4-1: XYZ-display

4.21 Configuring XY-Diagrams

XY-diagrams combine the voltage levels of two waveforms in one diagram. A further
signal source can be used to determine the intensity of the XY-waveform.

4211 Setting Up the XY-Diagram

To switch the display to XY-diagram and vice versa

» Press "DISPLAY > Display Mode" until the "XY" mode is selected.

To configure an XY-diagram
Prerequisite: The "Display Mode" is set to "XY".

1. Select "DISPLAY > XYZ Setup > Source X" to define the signal to be used as the x-
axis source. Press "Source X" repeatedly until the required channel is highlighted.
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2.

XY-Diagram

Select "DISPLAY > XYZ Setup > Source Y1" to define the signal to be used as the
(first) y-axis source. Press "Source Y 1" repeatedly until the required channel is high-
lighted.

Optionally, select "DISPLAY > XYZ Setup > Source Y2" to define the signal to be
used as a second y-axis source. Press "Source Y2" repeatedly until the required
channel is highlighted.

The XY-diagram is displayed in the main window, and additional windows are opened
to display the X, Y1, Y2, and Z time diagrams, if the source is defined.

4.21.2 Configuring the Intensity of an XY-Waveform

You can define the intensity of the XY-diagram as a constant value or according to the
amplitude of a further signal source Z.

Constant intensity: To configure the intensity of an XY-waveform at a defined level

The waveform intensity is modulated dynamically according to the signal source Z.
The higher the signal level Z is, the stronger the waveform is displayed: To configure
the intensity of an XY-waveform modulated by a signal amplitude.

The waveform intensity is defined by a threshold value: If the Z signal value is below
the selected threshold, the corresponding x/y point is not displayed. If the Z signal
value is above the threshold, the x/y point is displayed with the defined intensity level:
To configure the intensity of an XY-waveform using a threshold value

To configure the intensity of an XY-waveform at a defined level

Prerequisite: The "Display Mode" is set to "XY", and the XY-diagram is configured.

1.
2.

Press "DISPLAY > XYZ Setup > Z Setup".

Press the left "Source Z" softkey until "OFF" is highlighted to deactivate intensity
control by the Z source.

Press "DISPLAY > Intensities > Trace" to define the intensity level of the waveform.

Enter a percentage between 0 (not visible) and 100% (very strong). The default value
is 50%.

the left side of the screen to adjust the waveform intensity directly.

E Regardless of which menu is currently displayed, you can use the "INTENSITY" knob on

To configure the intensity of an XY-waveform modulated by a signal amplitude

Prerequisite: The "Display Mode" is set to "XY", and the XY-diagram is configured.

1.
2.

Press "DISPLAY > XYZ Setup > Z Setup".

Press the left "Source Z" softkey until "ON" is highlighted to activate intensity control
by the Z source.

Press the second "Source Z" softkey repeatedly until the required channel for inten-
sity control is selected.
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4. Press "Z-Intensity" until "Modulation" is highlighted to select intensity control via
modulation.

To configure the intensity of an XY-waveform using a threshold value
Prerequisite: The "Display Mode" is set to "XY", and the XY-diagram is configured.
1. Press "DISPLAY > XYZ Setup > Z Setup".

2. Press the left "Source Z" softkey until "ON" is highlighted to activate intensity control
by the Z source.

3. Press the second "Source Z" softkey repeatedly until the required channel for inten-
sity control is selected.

4. Press "Z-Intensity" until "ON | OFF" is highlighted to select intensity control via a
threshold value.

5. Press "Threshold" and enter the required value to define the threshold value.

4.2.2 XYZ Setup Menu

The setup of XY-diagrams is a submenu of the "Display" menu.

Access: DISPLAY > "XYZ Setup"

Source X
Defines the source to be displayed in x direction in an XY-diagram, replacing the usual
time base. The source can be selected from any of the analog channels.

The function is available in R&S RTM1054.

Remote command:
DISPlay:XY:XSOurce on page 302

Source Y1
Defines the (first) source to be displayed in y direction in an XY-diagram. The source can
be selected from any of the analog channels.

The function is available in R&S RTM1054.

Remote command:
DISPlay:XY:Y1Source on page 302

Source Y2
Defines an optional second source to be displayed in y direction in an XY-diagram. The
source can be selected from any of the analog channels.
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The function is available in R&S RTM1054.

Remote command:
DISPlay:XY:Y2Source on page 302

X-CH1 Y-CH2
Defines channel 1 to be displayed in x direction in an XY-diagram, replacing the usual
time base, and sets channel 2 to the y-axis.

The function is available in R&S RTM1052.

X-CH2 Y-CH1
Defines channel 2 to be displayed in x direction in an XY-diagram, replacing the usual
time base, and sets channel 1 to the y-axis.

The function is available in R&S RTM1052.

Z Setup

The intensity of the waveform displayed in an XY-diagram can be set to a defined level,
or be modulated dynamically using a further source signal Z. In the latter case, the ampli-
tudes of the source signal determine the intensity of the displayed waveform.

l. [ |

Z — Z Setup

Activates or deactivates the intensity control of the waveform via an additional signal
source. If deactivated, the intensity is defined by the general "Intensity" setting for the
trace.

Remote command:
DISPlay:XY:ZMODe on page 302

Source Z — Z Setup

Defines the source to be used to determine the intensity of the waveform. The source
can be selected from any of the analog channels. Pressing the softkey repeatedly scrolls
through the list of available source channels.

Remote command:
DISPlay:XY:%SOurce on page 303

Z-Intensity — Z Setup
Toggles between intensity modes.

"Modulation" Modulated intensity; Intensity is modulated continuously according to
the selected "Source Z".
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"On | Off" Intensity is determined by a "Threshold" value. If the Z signal value is
below the selected threshold, the corresponding x/y point is displayed
with lowest intensity. If the Z signal value is above the threshold, the x/
y point is displayed with the defined intensity level.

Remote command:
DISPlay:XY:ZMODe on page 302

Threshold — Z Setup
Defines the threshold for intensity with a two-state modulation, if "Z-Intensity" is set to
"ON | OFF".

Remote command:
DISPlay:XY:ZTHReshold on page 303

4.3 Zoom

You can zoom into waveforms to analyze the results in more detail. The zoomed area
and its position can be configured numerically or using the rotary knobs.

Using Markers
You can use markers to quickly zoom into a place of interest in the display, see "To zoom
into a marker position" on page 68.

4.3.1 Zoom Display

When you activate zoom display, two windows are displayed: the original waveform dia-
gram at the top (Y(t)-window), and the zoom window at the bottom. The zoom area
defines the part of the original waveform to be zoomed. It is indicated by white lines in
the original Y(t)-window.
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The usual channel parameters are displayed in the information bar above the original
Y (t)-window (see the general display information described in the "Getting Started" man-
ual).

In addition, the zoom area parameters are indicated in the information bar above the
zoom window. The following information is given there:

z Zoom Time Base, i.e. scaling for the time base in the zoom window in seconds per division; deter-
mines the width of the zoom area that is displayed in the zoom window (10 divisions * scaling per
division)

Tz Zoom Time, i.e. the offset of the trigger point to the reference point Os in the zoom window; deter-

mines the position of the zoom area

Sample rate for zoom window

Pressing the horizontal SCALE rotary knob moves the focus between the Y(t)-window
(Time Control), the zoom area (Zoom Control) and the zoom window. The currently
selected screen area is highlighted and displayed in the information bar of the zoom

window. Depending on the selection, the functions of the SCALE and POSITION rotary
knobs may change.
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Fig. 4-2: Zoom area width and position

When you deactivate the zoom display, the previous display is restored.

4.3.2 Zooming for Details
The zoomed area and its position can be configured numerically or using the rotary knobs.

To display a zoom diagram

» Press the ZOOM key.

The key lights up and two windows are displayed: the original signal vs. time at the
top, the zoom at the bottom.

To deactivate the zoom display

» Press the ZOOM key again, or press the "Zoom Off" softkey in the "Zoom" menu to
close the zoom window.

The ZOOM key is no longer illuminated and the previous display is restored.

To configure the zoom area numerically

1. Press the "Zoom Time Base" softkey to define the scaling for the time base in the
zoom diagram in seconds per division. The scaling is indicated by "Z" in the infor-
mation bar above the zoom diagram and determines the width of the zoom area that
is displayed in the zoom diagram (10 divisions * scaling per division).

2. Pressthe "Zoom Time" softkey to define the offset of the trigger point to the reference
point Os in the zoom diagram. The offset is indicated by "Tz" in the information bar
above the zoom window and determines the position of the zoom area.

The zoom area is indicated by white lines in the original Y (t)-window. The zoom win-
dow displays the data in the defined zoom area from the main time base in greater
detail.
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To configure the zoom area via the rotary knobs

Pressing the horizontal SCALE rotary knob moves the focus between the Y(t)-window
(Time Control), the zoom area (Zoom Control) and the zoom window. The currently
selected screen area is highlighted and displayed in the information bar of the zoom
window. Depending on the selection, the functions of the SCALE and POSITION rotary
knobs may change.

1. Press the horizontal SCALE rotary knob to select "Zoom Control" or "Zoom Win-
dow". The functions for the rotary knobs are the same for both elements; for very high
zoom factors, however, it may be faster to scroll through with the "Zoom Window"
focus.

2. Turn the horizontal SCALE rotary knob counter-clockwise to enlarge the zoom area,
or clockwise to decrease it.

The zoom diagram and the "Z" parameter (Zoom Time Base) in the information bar
above it are adapted.

3. Turn the horizontal POSITION rotary knob counter-clockwise to move the zoom area
to the left, or clockwise to move it to the right.

The zoom diagram and the "Tz" parameter (Zoom Time) in the information bar above
it are adapted.

The zoom window displays the data in the defined zoom area from the main time
base in greater detail.

To configure the original Y(t)-diagram

1. Press the horizontal SCALE rotary knob to select "Time Control", the original Y(t)-
window.

2. Press "Main Time Base" to define the scaling for the time base in the original Y(t)-
window in seconds per division. Alternatively, turn the horizontal SCALE rotary knob.

3. Press "Trigger Offset" to define the offset of the trigger point to the reference point
for Os in the original Y(t)-window. Alternatively, turn the horizontal POSITION rotary
knob.

Note that changing the offset in the original window also changes the offset for the
zoom window (Zoom Time).

4.3.3 Zoom Menu

The ZOOM key provides functions for configuring the zoom display.
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Main Time Base
Defines the scaling for the time base in the (original) Y(t)-window in seconds per division.
The scaling is indicated by "TB" in the information bar above the window.

Note: If "Time Control" is selected, the main time base can be adjusted using the hori-
zontal SCALE rotary knob.

See also "SCALE" on page 23, "To configure the original Y(t)-diagram" on page 65 and
figure 8-2.

Remote command:
TIMebase:SCALe on page 273

Zoom Time Base

Defines the scaling for the time base in the zoom window in seconds per division. The
scaling determines the width of the zoom area that is displayed in the zoom window (10
divisions * scaling per division).

The zoom area is indicated by white lines in the original Y (t)-window.

Remote command:
TIMebase:Z200M: SCALe on page 306

Trigger Offset

Defines the horizontal position of the trigger point in relation to the reference point - to
the zero point of the grid. The value is indicated by "T" in the information bar above the
window.

The reference point is set with SETUP >"Time Reference".

Note: If a zoom or FFT window is displayed and "Time Control" is selected, the trigger
offset can be adjusted using the horizontal POSITION rotary knob.

See also:

e "POSITION" on page 23

e '"Time Reference" on page 225

® "To configure the original Y(t)-diagram" on page 65

Remote command:
TIMebase:POSition on page 274

Zoom Time
Defines the offset of the trigger point to the reference point Os in the zoom window. The
offset determines the position of the zoom area that is displayed in the zoom window.

Remote command:
TIMebase:Z200M: TIME on page 307
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Zoom Off
Closes the zoom window and returns to the previous display.

Remote command:
TIMebase:Z00M: STATe on page 306

4.4 Markers

Markers allow you to mark certain positions on the screen, e.g. a rising or falling edge,
or an unexpected signal value, or a search result. You can then use the markers to identify
areas of interest you want to zoom into, and quickly move through the data.

Two marker types are available:

e Timestamp markers can be used if no search is enabled. They can be set manually
at any position of the waveform. These markers are indicated by blue vertical lines.
You can set up to 8 timestamp markers. Timestamp markers are descibed in this
chapter.

e If a search is active, you can set search markers to selected search results. These
markers are indicated by magenta search result flags. Search result markers are
described in chapter 10.1, "Search Conditions and Results", on page 128

441 Using Timestamp Markers

Timestamp markers are displayed as colored lines on the screen. If more markers are
available but currently not visible on the screen (e.g. in azoomed display), this is indicated
by a small arrow at the right or left edge of the display.

See also: "To use markers on search results" on page 131.
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Fig. 4-3: Zoomed display using markers

To set a marker

1. Turn the horizontal "Position" rotary knob and move the position to be marked to the
reference point, usually in the middle of the display.

2. Press the SET key to insert a new marker at the reference position.

To select a marker
When you select a marker it is automatically moved to the reference point of the display.

1. Press the NEXT key to move the next (right) marker to the reference point of the
display or zoom area.

2. Press the PREV key to move the previous (left) marker to the reference point of the
display or zoom area.

To remove a marker
1. Select the marker to be deleted using the NEXT or PREV key.

2. Press the CLEAR key to remove the marker at the reference position.

To zoom into a marker position

1. Set a marker in the display as described above.
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2. If not yet active, activate the zoom function by pressing the ZOOM key.

The marker lines are displayed both in the original window and in the zoom window.

3. Select the marker that indicates the area you want to zoom into using the NEXT or
PREV key.

The center of the zoom area is moved to the marker (see figure 4-3).

4. If necessary, fine-tune the position of the zoom area around the marker as described
in "To configure the zoom area via the rotary knobs" on page 65.

4.4.2 Reference for Markers

The marker keys are used for both marker types, timestamp markers and search result
markers.

For details on setting and moving markers; see
e chapter4.4.1, "Using Timestamp Markers", on page 67

® '"To use markers on search results" on page 131

N KT e s s 69
P REV e e e 69
ST PSPPI 69
L0 L PSR PRR 70
NEXT

Moves the next (right) marker to the reference point of the display or zoom area.

Note: If another marker is available at the right, but currently not visible on the screen, a
small red arrow is displayed at the right edge of the display. If a search is enabled, the
key navigates the search result markers only.

Remote command:
TSTamp : NEXT on page 307 (for timestamp markers only)

PREV

Moves the previous (left) marker to the reference point of the display or zoom area.
Note: If another marker is available at the left, but currently not visible on the screen, a
small red arrow is displayed at the left edge of the display. If a search is enabled, the key
navigates the search result markers only.

Remote command:

TSTamp: PREVious on page 307 (for timestamp markers only)

SET
Sets a new marker at the reference point of the display, unless an existing marker is
already set there.

In the display of search results, the marker is set to the search result that is selected in
the "Event Table".

Remote command:
TSTamp: SET on page 307 (for timestamp markers only)
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CLEAR
Deletes the marker at the reference point. Use the NEXT and PREV keys to move the
markers to the reference point.

In the display of search results, the marker is removed from the search result that is
selected in the "Event Table".

Remote command:
TSTamp:CLEar on page 308 (for timestamp markers only)
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Using References

5 Reference Waveforms

Reference waveforms are waveform data stored in in the internal reference storages.
Four internal reference storages are available: RE1 - RE4. These four reference wave-
forms can be displayed.

Reference waveforms can be saved to and loaded from any storage device - internal
memory or external USB flash device. The file format is . TRF, and the file size is about
12.4 Byte. The file content depends on the storage device:

® Internal storage of the R&S RTM: TRF files contain also the instrument settings, so
you can restore also the settings when you load a reference waveform.

e External USB flash drive: TRF files contain only the waveform data, the instrument
settings are not saved and cannot be restored.

See chapter 12.2.4.1, "Waveform File Formats", on page 216 for details on file formats.

You can copy the stored references to another storage device with usual export/import
functions. With export/import, you can also change the target file format and convert the
data. If you export a TRF file to a USB flash drive, the instrument settings get lost and
cannot be loaded with the waveform data anymore. To copy a stored reference, use
FILE >"Import/Export References". See also: chapter 12.2.1.2, "Importing and Exporting
Data", on page 207.

Furthermore, you can save waveforms directly to a USB flash drive with FILE > "Wave-
forms", without creating a reference waveform before. See: chapter 12.2.4, "Wave-
forms", on page 216.

5.1 Using References

You can store any of the active waveforms as reference waveform - channel, math, and
other reference waveforms - or load a previously saved reference.

For each selected reference waveform, you can adjust the vertical position and scale as
usual, and, unlike for other waveform types, you can also adjust the horizontal position
and scale individually.

The current scale values are shown in the waveform label of the reference waveform.

5.1.1 Displaying a Reference Waveform

A reference waveform is displayed as soon as data is written to its storage, either from
an active waveform, or loaded from a reference file. You can hide it and display it again
by using the "Visible" key.

1. Press the REF key to display the "Reference" menu.

2. Press "Reference" and select the reference storage position.
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If a reference was already loaded to the selected reference position before, the stored
reference waveform is displayed.

Select the data that will be used as reference by doing one of the following:

e Press "Source" and select one of the active waveforms, then press "Update".
e Load a previously saved reference.
See also: "To load references and reference settings" on page 72.

The selected data is written to the selected reference storage and displayed.

Press "Visible" to hide and show the reference waveform.

5.1.2 Saving and Loading References

If you need more than four references, or you want to keep a reference for other meas-
urements, you can save it and load it back to the instrument when needed. Import and
export is also possible.

The instrument settings are saved together with the reference waveform only in the inter-
nal storage. They are removed from the reference file when you save or export the file
to an external storage (USB flash device).

To save references

1.
2.
3.

Press REF to display the "Reference" menu
Press "Save".

Press "Source" and select the waveform whose data you want to save as a reference.
All active waveforms can be saved.

Press "Storage" and define the storage settings.
See: "To select the storage directory" on page 207.

Press "File Name" and enter the name of the target file.
See: "To define a new file or directory name" on page 207.

Press "Save".

To copy a stored reference, use FILE > "Import/Export References". For import/export
procedure, see chapter 12.2.1.2, "Importing and Exporting Data", on page 207.

To load references and reference settings

1.
2.
3.

Press REF.
Press "Load".

Press "Reference" and select the reference number you want to load the reference
to.
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4. Press "Load".

A file explorer is displayed.

5. Select the storage device and the file that contains the reference. Use the "Naviga-
tion" knob to scroll through the directories. To change the directory, scroll to the name
of the directory and press the knob, or press "Change Directory".

6. Press "Load".

The saved reference is loaded to the R&S RTM.

7. Ifyou also want to load the settings that were used to create the reference waveform:

a) Inthe "Reference" or "Load" menu, press "Reference" and select the reference
number you want to load the settings to.

b) Press "Load Settings".
"Load Settings" is only available if the waveform was loaded to the reference
storage before, you cannot laod the setting first.

5.2 Reference for REF key

The REF key provides functions for working with reference waveforms on the instrument.

For details on working with these functions, see chapter 5.1, "Using References",
on page 71.

Reference
Selects one of the four possible internal reference storages.

See also: chapter 5.1, "Using References", on page 71.
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Source

Defines the source of the reference waveform. Any active channel, math or reference
waveform can be selected.

Remote command:

REFCurve<m>:SOURce on page 309

REFCurve<m>:SOURce:CATalog? on page 309

Update
Stores the waveform defined as the "Source" to the selected reference waveform. The
reference waveform is kept until you update or load another waveform to the reference.

See also: chapter 5.1.1, "Displaying a Reference Waveform", on page 71.

Remote command:
REFCurve<m>:UPDate on page 309

Visible
Displays or hides the selected reference waveform.

Remote command:
REFCurve<m>:STATe on page 308

Save
Opens the "Save" menu with basic functions to save the equation set.

See "Save Menu" on page 209 .

Remote command:
REFCurve<m>:SAVE on page 309

Load
Provides functions to load reference data.

Reference «— Load
Selects one of the four possible internal reference storages.

See also: chapter 5.1, "Using References", on page 71.

Load — Load

Opens the "Load" menu and a file explorer to select the reference waveform file for load-
ing.

See "Load Menu" on page 210.

Remote command:
REFCurve<m>:LOAD on page 310

Load Settings

Loads the device settings that were used to obtain the stored reference waveform. The
settings are only available if the file was stored to the internal storage /INT/
REFERENCE and never written to an external storage (USB stick).

Remote command:
REFCurve<m>:LOAD:STATe on page 310
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6 Measurements

The following measurement methods are available:

e CURSOR: Cursor measurements determine specific measurement results at the
current cursor positions of an active waveform; the results are displayed in a result
table.

e QUICK MEAS: performs basic automatic measurements for the selected channel
immediately; the results are displayed directly at the waveform and in a result table.

e MEAS: With automatic measurements, up to four amplitude and time measurements
or pulse counts can be configured and performed simultaneously; based on an active
channel, reference, or math waveforms. The results are displayed in a result table,
the color of the results corresponds with the source waveform color. These meas-
urements can be performed together with the "Quick Meas" measurements.

Use the full height of the screen for waveform display to get best vertical resolution and
measurement results.

6.1 Cursor Measurements

Using the CURSOR key you can determine specific measurement results at the current
cursor positions for an active channel, math, or reference waveform. The cursors can be
set to the required position with the Navigation rotary knob, or set to typical positions on
a keypress.

6.1.1 Cursor Measurements Types and Results

Cursor measurements are based on automatic measurements. The cursor measurement
is limited to the cursor positions or the part of the waveform between the cursors while
automatic measurements considers the complete display of the waveform. Thus you can
focus the measurement to the interesting part of the waveform by using cursors. The
results are displayed in the right part of the result table.
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For cursor measurements on channel, math, and reference waveforms, various mea-

surement types are available, for example, Peak, RMS, Mean und Count. Cursor mea-
surement is also possible on the results of an FFT analysis. It measures the frequencies
and levels at the cursor positions and their differences. Available cursor measurements

are:
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Voltage

Sets two horizontal cursor lines and measures the voltages at the two cursor positions
and the delta of the two values.

Results: V1, V2, AV
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Time
Sets two vertical cursor lines and measures the time from the trigger point to each cursor
point, the time between the two cursors and the frequency calculated from that time.

Results: t1, t2, At, 1/t

Voltage & Time

Combines the "Voltage" cursor and "Time" cursor measurements. Two horizontal and
two vertical cursor lines are set and the voltages and time from the trigger point are
measured at the cursor positions, as well as the delta of the voltage and time values.

Results: t1, t2, At, V1, V2, AV

Ratio X
Provides three cursors and measures the ratio of the x-values (e.g. a duty cycle) between
the first and second cursors and the first and third cursors:

(x2-x1)/(x3-x1)
The ratio is displayed as a floating value, in percent, in degrees and as a radian.
Results: abs, %, °,

Ratio Y

Provides three cursors and measures the ratio of the y-values (e.g. overshooting)
between the first and second cursors and the first and third cursors:
(y2-y1)/(y3-y1)

The ratio is displayed as a floating value and in percent.

Results: abs, %

Count

Provides three cursors to count signal transitions. The time base is defined by the first
two cursors, the third cursor defines the threshold value. As a result, the number of rising
and falling edges as well as the number of positive and negative impulses is counted.

Results: , ,

Peak Values

Measures the positive and negative peak values between the two cursors, as well as the
absolute difference between the two peak values (peak-to-peak value):

Vpp = |(Vp+) - (Vp-)l

Results: Vp+, Vp-, Vpp

RMS, Mean, o
Measures the root mean square (RMS), the mean value, and the standard deviation of
measurement results between the two cursors.

Results: Mean, RMS, o

—
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Duty Ratio

Measures the positive and negative duty cycles. The duty cycle is the ratio between the
duration of a positve pulse (high active) or a negative pulse (low-active) and the period
of a rectangular waveform. The measurement requires at least one complete period of
the signal between cursor 1 and cursor 2. Pulse duration and period are measured at
cursor 3.

Results: Dty+, Dty- (in %)

Burst Width

Measures the duration of a burst. Two vertical cursors mark the beginning and the end
of the burst. The horizontal cursor sets the threshold value, and the time between the first
and the last edge of the burst is returned.

Result: BstW

Rise Time

Measures the rise and fall times of the left-most edge in the display between the upper
and lower reference levels. The reference levels are set in the Auto Measure menu:
MEAS > "Reference Level".

See also: Reference Level: Upper, Middle, Lower Levels.
Results: tr, tf

V-Marker

Two vertical markers are provided and the values of the waveform at the marker positions
are measured. Additionally, the differences of the two values in x- and y-direction are
displayed.

Results: V1, V2, At, AV

6.1.2 Performing Cursor Measurements

The cursors are activated according to the latest setting as soon as you press the
CURSOR key.
To configure cursor measurements
1. Press the CURSOR key.
The cursors are activated according to the latest setting.

2. Press "Meas. Type" to select the type of measurement to perform. The type deter-
mines which results are displayed in the result table.
See also: "Meas.Type" on page 80.

3. Press"Source" to select the waveform for which the measurement is to be performed.
The source can be any active channel, reference, or math waveform, or a decoded
bus signal.

4. Move the cursors to obtain the required results.

—
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See also: "To change the position of the cursors" on page 79.

The cursor measurement is performed and the results are displayed in the result
table.

To change the position of the cursors

The cursor measurement displays the results depending on the current position of the
cursors. Move the cursors to obtain the results for a specific time range or at specific
signal points.

1. Press the NAVIGATION rotary knob to select the first cursor. If a selection menu is
open, it is closed.

Tip: If the cursors have disappeared from the screen or must be moved extensively
within the screen, press "Set To Screen" in the "Cursor" menu to reset the cursors to
their default positions.

2. Turn the NAVIGATION knob to change the position of the selected cursor line.
3. Press the knob again to select the next cursor line, and turn to adjust position.

4. To simplify the cursor positioning, the following functions are helpful:

e "Track Scaling" to adjust the cursor position when the vertical or horizontal scaling
are changed

e "Coupling" to keep the distance between two cursor lines constant while one of
the cursors is moved

e "Setto Wave" to set the cursor lines to typical points of the waveform based on
automatic measurements in the background

See also: chapter 6.1.3, "Cursor Menu", on page 79.

The results of the cursor measurement in the result table are updated.

To deactivate cursor measurements
1. Press the CURSOR key.

2. Press the "Cursor" softkey.

The "Cursor" softkey is no longer highlighted, no more measurements are performed,
the cursor lines disappear and the results are removed from the result table.

6.1.3 Cursor Menu

The CURSOR key opens the "Cursor" menu to configure manual measurements.

See also: chapter 6.1.2, "Performing Cursor Measurements", on page 78.

—
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Cursor

Activates or deactivates the selected cursor measurement.

Remote command:
CURSor<m>:STATe on page 313

Meas.Type
Selects the cursor measurement type. Depending on the type, different results are dis-
played in the result table.

For alist of all cursor measurement types and their description, see chapter 6.1.1, "Cursor
Measurements Types and Results", on page 75.

Two or three cursors are provided which can be set to the required position using the
"Navigation" rotary knob. See also: "To change the position of the cursors" on page 79.

The setting is not available for cursor measurments on FFT analysis.

Remote command:
CURSor<m>:FUNCtion on page 313

Source
Defines the source of the cursor measurement as one of the active channel, math, or
reference waveforms, or a decoded bus signal.
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The setting is not available for cursor measurments on FFT analysis.

Remote command:
CURSor<m>:SOURce on page 313

Track Scaling
If enabled, "Track Scaling" adjusts the cursor lines 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<m>:TRACking:SCALe[:STATe] on page 317

Coupling
If enabled, the cursors of a can be coupled and moved together. Press the
NAVIGATION key to select both corsors or one cursor to be moved.

If disabled, the NAVIGATION key toggles the single cursor lines.

Remote command:
CURSor<m>:XCOupling on page 316
CURSor<m>:YCOupling on page 316

Set to Wave

Autoset for cursor lines, sets the cursor lines to typical points of the waveform depending
on the selected measurement type. For example, for voltage measurement, the cursor
lines are set to the upper and lower peaks of the waveform. For time measurement, the
cursor lines are set to the edges of two consecutive positive or two consecutive negative
pulses.

Remote command:
CURSor<m>:SWAVe on page 316

Set To Screen
Resets the cursors to their initial positions. This is helpful if the cursors have disappeared
from the display or need to be moved for a larger distance.

Remote command:
CURSor<m>:SSCReen on page 316

Prev. peak
For FFT analysis only: sets the selected cursor to the previous (left) level peak.

To select the cursor, press the NAVIGATION knob.

Remote command:
CURSor<m>:SPPeak on page 316

Next peak
For FFT analysis only: sets the selected cursor to the next (right) level peak.

To select the cursor, press the NAVIGATION knob.

Remote command:
CURSor<m>:SNPeak on page 317

—
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6.2

Quick Measurements

NAVIGATION

Select cursor: Press the NAVIGATION rotary knob to select a cursor line. If a menu is
open, it is closed. Press the knob repeatedly to select the required cursor line or - if
Coupling is enabled - a pair of coupled cursor lines.

Move selected cursor: Turn the rotary knob to change the position of the selected cursor
line.

Remote command:

CURSor<m>:X1Position on page 315

CURSor<m>:X2Position on page 315

CURSor<m>:X3Position on page 315

CURSor<m>:Y1Position on page 315

CURSor<m>:Y2Position on page 315

CURSor<m>:Y3Position on page 315

Quick Measurements

Quick measurement performs all currently available automatic measurements for the
selected channel. The measurements cannot be configured. The results are displayed
either directly at the waveform (WF) or in the right part of the result table (T) and are
updated continuously.

» Press the QUICK MEAS key to activate quick measurement.
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The following measurement results are determined for the displayed section of the wave-

form:

Label Description Display
Vp+ Positive peak value WF
Vp- Negative peak value WF
tr Rising time of the first rising edge WF
Mean Mean value WF
tf Falling time of the first falling edge WF
RMS RMS T
Vpp Peak to peak value T
T Period length T
f Frequency T

When you activate quick measurements, cursor measurements are automatically deac-
tivated, as well as the reference and math menus. Deactivate quick measurements before
selecting these functions. Channels other than the selected one are switched off in quick

measurement mode.

» Press the QUICK MEAS key again to deactivate the quick measurement and remove

the results.

SCPI command:

® MEASurement<m>:
® MEASurement<m>:
® MEASurement<m>:

® MEASurement<m>:

ALL[:STATe] on page 320
AON on page 320
AOFF on page 320

ARESult? on page 320

6.3 Automatic Measurements

Using the MEAS key you can configure up to four amplitude and time measurements or
pulse counts, based on the active channel, reference or math waveforms.

e Measurement Types and RESUILS..........coevviuiieiiiii e 83
e Configuring and Performing Automatic Measurements..........cccccceeveeiiiiiicieeeeceenne. 90
o Auto Measure Menu (MEAS KEY).....oei ittt 91

6.3.1 Measurement Types and Results

@ MEASUIEMENT TYPES . .uuuuueiiiiiiieieieeiie ettt et e e e e e e e e e e e e e e e e e e s e s s e e e e e e eeeeeeeeeeees 84
0 Measurement RESUILS........ooeee e 88
L] £ {11 (o= TP 89
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6.3.1.1

Measurements

Automatic Measurements

Measurement Types

The R&S RTM provides a varity of automatic measurements:
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Mean Value

Determines the mean value of the complete displayed waveform. The measurement
value is displayed as "Mean" in the result table.

RMS Value
Measures the RMS (Root Mean Square) value of the voltage of the complete displayed
waveform. The measurement value is displayed as "RMS" in the result table.

Mean Cycle
Measures the mean value of the left-most signal period. The measurement value is dis-
played as "MnCy" in the result table.
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RMS Cycle
Measures the RMS (Root Mean Square) value of the voltage of the left-most signal
period. The measurement value is displayed as "RMSCy" in the result table.

Peak Peak
Measures the peak-to-peak value within the displayed section of the waveform. The
measurement value is displayed as "Vpp" in the result table.

Peak +
Measures the maximum value within the displayed section of the waveform. The mea-
sured value is displayed as "Vp+" in the result table.

Peak -
Measures the minimum value within the displayed section of the waveform. The mea-
sured value is displayed as "Vp-" in the result table.

Frequency

Measures the frequency of the signal. The result is based on the length of the left-most
signal period within the displayed section of the waveform. The measurement value is
displayed as "f" in the result table.

Period
Measures the length of the left-most signal period within the displayed section of the
waveform. The measurement value is displayed as "T" in the result table.

Amplitude

Measures the amplitude of a square wave. To do so, the potential difference between
high and low level ("Vbase" and "Vtop") is calculated. The measurement requires at least
one complete period of a triggered signal. The measured value is displayed as "VAmp"
in the result table.

Top Level

Measures the mean value of the high level of a square wave. To do so, the mean value
of the tilt is calculated (without the overshoot). The measurement and requires at least
one complete period of a triggered signal. The measured value is displayed as "Viop" in
the result table.

Base Level

Measures the mean value of the low level of a square wave. To do so, the mean value
of the tilt is calculated (without the overshoot). The measurement requires at least one
complete period of a triggered signal. The measured value is displayed as "Vbase" in the
result table.

Pulse Width (positive pulse)

: Measures the width of a positive pulse. A positive pulse consists of a rising edge
followed by a falling edge. The measurement and requires at least one complete period
of a triggered signal. The measured value is displayed as "t " in the result table.
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Pos. Overshoot

Positive overshoot of a square wave, calculated from measurement values Top Level,

Peak +, and Amplitude. The measured value is displayed as "+Ovr" in the result table.

Xax — X i

Rpos = —22 180 100%
Ampl

Xuax = Peak +

Xigh = Top Level

Xampl = Amplitude

Neg. Overshoot
Negative overshoot of a square wave, calculated from measurement values Min, Low,
and Amplitude. The measured value is displayed as "-Ovr" in the result table.

Xiow — Xui
RNeg — Low Min 100%

Ampl
XMin = Peak -
Xiow = Base Level
Xampl = Amplitude

Pulse Width (negative pulse)

: Measures the width of a negative pulse. A negative pulse consists of a falling edge
followed by a rising edge. The measurement requires at least one complete period of a
triggered signal. The measured value is displayed as "t " in the result table.

Duty Cycle +

Measures the positive duty cycle. The duty cycle is the ratio between the duration of a
positve pulse (high active) and the period of a rectangular waveform. The measurement
requires at least one complete period of a triggered signal.

The result is the measured value as a percentage of the signal period and is displayed
as "Dty+" in the result table.

Duty Cycle -

Measures the positive duty cycle. The duty cycle is the ratio between the duration of a
negative pulse (low active) and the period of a rectangular waveform. The measurement
requires at least one complete period of a triggered signal.

The result is the measured value as a percentage of the signal period and is displayed
as "Dty-" in the result table.

Rise Time

Measures the rise time of the left-most rising edge within the displayed section of the
waveform. The rise time is determined as the time it takes the signal to rise from the lower
reference level to the upper reference level which are set with "Upper Level" and "Lower
Level" in the "Reference Level" menu. The measurement result is displayed as "tr" in the
result table.

See also: "Reference Level: Upper, Middle, Lower Levels" on page 93.

—
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Fall Time

Measures the falling time of the left-most falling edge within the displayed section of the
waveform. The fall time is determined as the time it takes the signal to fall from the upper
reference level to the lower reference level which are set with "Upper Level" and "Lower
Level" in the "Reference Level" menu. The measurement result is displayed as "tf" in the
result table.

0-Std. Dev. Wave
Measures the standard deviation of the complete waveform.

NEvaI
Ox = N Z(x(’) XMean)2
Eval —

i=1

Xuean = Mean Value
X(i) = Value of the measured waveform sample
Nevar = Number of waveform samples

0-Std. Dev. Cycle
Measures the standard deviation of one cycle, usually of the first, left-most signal period.

Delay

Measures the time difference on the middle reference level between two slopes of the
same or different waveforms. The measurement value is displayed as "Delay" in the result
table.

Select the sources and slopes in the Delay Setup menu.

Set the middle reference level in the Reference Level menu.

Phase
Phase difference between two waveforms (time difference/period * 360) on the middle
reference level. The measurement value is displayed as "Phase" in the result table.

Select the waveforms in the Phase Setup menu.

Set the middle reference level in the Reference Level menu.

Burst Width
Duration of one burst, measured from the first edge to the last edge that cross the middle
reference level. The measurement value is displayed as "Bst" in the result table.

Set the middle reference level in the Reference Level menu.

Count positive pulses

Count : Counts positive pulses within the displayed section of the waveform. A positive
pulse consists of a rising edge followed by a falling edge. The mean value of the signal
is determined. If the signal passes the mean value, an edge is counted. The pulse is
counted if a rising edge and a falling edge are detected. The number of positive pulses
is displayed as "Cnt " in the result table.

—
User Manual 1305.0595.02 — 08 87



R&S®RTM Measurements

Automatic Measurements

Count negative pulses

Count : Counts negative pulses within the displayed section of the waveform. A neg-
ative pulse consists of a falling edge followed by a rising edge. The mean value of the
signal is determined. If the signal passes the mean value, an edge is counted. The pulse
is counted if a falling edge and a rising edge are detected. The number of negative pulses
is displayed as "Cnt " in the result table.

Count rising edges

Count : Counts transitions of the signal from low level to high level within the displayed
section of the waveform. To do so, the mean value of the signal is determined. If the
signal passes the mean value, a rising edge is counted. The number of rising edges is
displayed as "Cnt " in the result table.

Count falling edges

Count : Counts transitions of the signal from high level to low level within the displayed
section of the waveform. To do so, the mean value of the signal is determined. If the
signal passes the mean value, a falling edge is counted. The number of falling edges is
displayed as "Cnt " in the result table.

Trigger Freq.
Measures the frequency of the A-trigger signal based on the length of its period. The
measurement value is displayed as "f(Tr)" in the result table.

Trigger Period
Measures the length of the A-trigger signal periods (hardware counter). The measure-
ment value is displayed as "T(Tr)" in the result table.

Trigger B Freq.
Measures the frequency of the B-trigger signal based on the length of its period. The
measurement value is displayed as "f(TrB)" in the result table.

Trigger B Period
Measures the length of the B-trigger signal periods. The measurement value is displayed
as "T(TrB)" in the result table.

6.3.1.2 Measurement Results

The results of an automatic measurement are displayed in the result table below the
diagram. The color of the results in the left part of the result table corresponds with the
source waveform color. If the result for the selected measurement type cannot be deter-
mined, e.g. because a complete period of a signal is required but not available, a "?" is
displayed.
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SCPI command:

MEASurement<m>:RESult[:ACTual]? on page 324

6.3.1.3 Statistics

For each active measurement, you can enable a statistic evaluation of the measurement
results. It returns the current, minimum and maximum measurement values, the average
and standard deviation, and the number of measured waveforms.

For configuration settings, see "Statistic" on page 92.

SCPI command:

® VMEASurement<m>:RESult[:ACTual]? on page 324
® VMEASurement<m>:RESult:AVG? on page 328
® MEASurement<m>:RESult:STDDev? on page 328

® MEASurement<m>:RESult:NPEak? on page 328

User Manual 1305.0595.02 — 08 89



R&S®RTM Measurements

Automatic Measurements

® MEASurement<m>:RESult:PPEak? on page 328
® MEASurement<m>:RESult:WEFMCount? on page 329
® MEASurement<m>:STATistics:VALue:ALL? on page 329

® MEASurement<m>:STATistics:VALue<n>? on page 329

6.3.2 Configuring and Performing Automatic Measurements

To configure and activate automatic measurements
1. Press the MEAS key.
2. Press "Meas. Place" to select one of the four measurement positions.

3. Press"Source" to select the waveform for which the measurement is to be performed.
The source can be any active signal or math waveform.

4. Press "Meas. Type" to select the type of measurement to perform. The type deter-
mines which results are displayed in the result table.
See also: "Meas. Type" on page 92.

5. For rise time, fall time, delay and phase measurements, press Reference Level and
set the reference levels as percentages of the high signal level.
See also: "Reference Level: Upper, Middle, Lower Levels" on page 93

6. Press "Measure 1-4" until "On" is highlighted to activate the measurement.

The selected measurement is activated and the results are displayed in the result
table.

To activate configured automatic measurements
1. Press the MEAS key.
2. Press "Meas. Place" to select one of the four measurement positions.

3. Press "Measure 1-4" until "On" is highlighted.

To deactivate automatic measurements

Press the MEAS key.

—_

2. Press "Meas. Place" to select the measurement you want to deactivate.
3. Press "Measure 1-4" until "Off" is highlighted.
4

If you want to reset and deactivate all automatic measurements at once, press the
"Clear All" softkey in the "Auto measure" menu.

No more measurements are performed, the results are removed from the result table.

To use statistics

1. Press the MEAS key.

—
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2. Configure at least one mesurement as described in "To configure and activate auto-
matic measurements" on page 90.

Press "Statistic".
Press "Meas. Place" to select the measurement for which you need statistical results.

Press "Statistic” until "On" is highlighted.

o g &~ w

Press Average No. and enter the number of measured waveforms to be used for
calculation of average and standard deviation.

6.3.3 Auto Measure Menu (MEAS key)

The MEAS key opens the "Auto Measure" menu to configure automatic measurements.

For details, see chapter 6.3, "Automatic Measurements", on page 83.
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Meas. Place
Selects one of the four available measurements to be configured or activated.
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Measure 1-4
Activates or deactivates the selected measurement (1-4).

Remote command:
MEASurement<m>[:ENABle] on page 321

Meas. Type
Defines the measurement type to be performed on the selected source. Depending on
the type, different results are displayed in the result table.

For a list of all automatic measurement types and their description, see chapter 6.3.1,
"Measurement Types and Results", on page 83.

Remote command:
MEASurement<m>:MATN on page 321
MEASurement<m>:RESult[:ACTual]? on page 324

Source
Selects one of the active signal, reference or math waveforms as the source of the
selected measurement.

Remote command:
MEASurement<m>:SOURce on page 323

Statistic
Opens a submenu to enable and configure up to four statistics.

Meas. Place — Statistic
Selects the measurement for which statistical evaluation is configured.

Statistic — Statistic
Activates or deactivates the statistical evaluation for the selected measurement (1-4).

Remote command:
MEASurement<m>:STATistics[:ENABle] on page 327

No. of Averages « Statistic
Sets the number of measured waveforms used for calculation of average and standard
deviation. The maximum number is 1000.

Remote command:
MEASurement<m>:STATistics:WEIGht on page 327

Reset, Reset All «— Statistic
Deletes the statistical results for the current measurement or all measurements, respec-
tivley, and starts a new statistical evaluation if the acquisition is running.

Remote command:
MEASurement<m>:STATistics:RESet on page 327

—
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Clear All < Statistic
Resets and deactivates all active statistic measurements.

Reference Level: Upper, Middle, Lower Levels

Set the lower and upper reference levels for rise and fall time mesurements (cursor and
automatic mesurements) as well as the middle reference level used for phase and delay
measurements. The levels are defined as percentages of the high signal level. The set-
tings are valid for all measurement places.

Remote command:

REFLevel:RELative:MODE on page 325

REFLevel :RELative:LOWer on page 326

REFLevel :RELative:MIDDle on page 326

REFLevel:RELative:UPPer on page 326

Clear All
Resets and deactivates all four measurements.

Remote command:
MEASurement<m>:AOFF on page 320

Delay Setup
Configures the delay measurement that measures the time difference between two edges
of the same or different waveforms.

"Source 1, Select one of the active channel, math or reference waveforms for each
Source 2" measurement source.
"Slope” Select the rising or falling slope for each measurement source.

Remote command:
MEASurement<m>:SOURce on page 323
MEASurement<m>:DELay:SLOPe on page 324

Phase Setup
Configures the phase measurement that measures the pahse difference between two

waveforms.
"Source 1, Select one of the active channel, math or reference waveforms for each
Source 2" measurement source.

Remote command:
MEASurement<m>:SOURce on page 323

—
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[ Mathematics

Mathematical (math) waveforms are calculated data. Each math waveform is defined by
an equation. You can configure and save up to five equations (MA1 — MA5), four of these
equation can be displayed (MA1 — MA4).

Each equation consists of one or two operands and a operator. An operand can be an
input channel, a constant value, or a math waveform with lower number than the oper-
and's number. For example, the MA3 equation can use the results of MA2 and MA1 as
operands.

Each equation and also the set of all defined equations can get a label.

An equation set can be saved to and loaded from any storage device - internal memory
or external USB flash device. The file format is always . FML, and the file size is 526 Byte.
It is also possible to copy the stored equation sets to another storage device with FILE >
"Import/Export Equation Sets". See also: chapter 12.2.1.2, "Importing and Exporting
Data", on page 207.

7.1 Configuring and Using Math Waveforms

Math waveforms are configured using the "Equation Set Editor". Each equation for a math
waveform is configured and displayed individually, and you can save and load the con-
figuration of all five math waveforms as an "Equation Set".

7.1.1 Displaying Mathematical Waveforms

For each of the math waveforms MA1 - MA4 you can define whether it is displayed or not
and which equation is performed in each one. MAS5 is always invisible.

1. Press MATH to display the "Mathematics" menu.

2. Press "Equation" and select the mathematical waveform that contains the equation
you want to display.
To check which equation is configured for which channel:

a) Press "Edit Equations”. The "Equation Set Editor" is displayed, where you can
see the configuration for each math waveform. Currently displayed waveforms
are indicated by the = symbol.

b) Press "Back" to exit the editor.

3. Press "Visible" until "On" is highlighted.

The selected equation is calculated and the results are displayed as an additional
(mathematical) waveform on the screen. If necessary, change the vertical scaling of
the math waveform to improve the display using the vertical SCALE rotary knob.

—
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If the required equation is not included, edit the current equation set, or load an appro-
priate equation set that was saved before. See also: "To configure an equation”
on page 95 and "To load an equation set" on page 97.

7.1.2 Editing Equations and Equation Sets

To each math waveform an equation is assigned. The mathematical operation is defined
by the operator and is performed on the operands. Operands are one or two of the active
channel or math waveforms, or a constant value.

All five math waveforms together build an equation set that can be stored and loaded.

To configure an equation

1.

Press "MATH > Edit Equations" to display the "Equation Set Editor" with the current
equation set configuration.

Press "Equation" and select the equation to be configured.

Press "Operator" to select the operator of the equation.
See also: "Operator" on page 99.

Press "Operand1".
See also: "Operand 1" on page 103.

If the equation requires a second operand, press "Operand2" and define the second
operand.

If one of the operands is defined as a constant, define its value:

a) Press "Operand1" or "Operand2" to select the constant for the corresponding
operand.

b) Press "Edit Constant" to define its value.

c) Press "Constant" and select either a pre-defined constant, or one of 10 available
user-defined constants.
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d) If you selected a user-defined constant, define its value:

Press "Value" and enter the numeric value.
Press "Decimal Point" to move the decimal point within the numeric value.
Press "Prefix" to define an Sl-prefix to the unit. See also: "Prefix"
on page 104.
e Press "Unit" to define the unit of the value. See also: "Unit" on page 105.
e) Press "Save" to store the user-defined constant.

7. Press "Unit" to define the unit of the equation results. See also: "Unit" on page 98.

8. Optionally, press "Equation Label" to define a name for the equation. This label is
displayed on the "Equation” softkey and in the "Equation Set Editor".

To edit an equation set

1. Press "MATH > Edit Equations" to display the "Equation Set Editor".

2. Press "Equation” to select the first equation to be configured. This equation is
assigned to the first math waveform (MA1).

3. Configure the equation.
See: "To configure an equation" on page 95.

4. Repeat steps 3 and 4 to configure all 5 equations in the equation set.
5. Press "Back" to exit the editor and return to the main "Mathematics" menu.
6. For each equation MA1 to MA4, define whether it is to be displayed or not:
a) Press "Equation” to select the equation.
b) Press "Visible" to switch the display of the math waveform on or off.
7. Optionally, press "Eq. Set Label" to define a name for the equation set. This label is

displayed in the "Equation Set Editor".

7.1.3 Saving and Loading Equation Sets

If you want to keep math configurations for specific measurement purposes for later use,
you can save equations sets in the instrument or on external storage device.

To copy a stored equation sets to another storage device, use FILE > "Equation Sets".
For import/export procedure, see chapter 12.2.1.2, "Importing and Exporting Data",
on page 207.

To save the current equation set
1. Press MATH to display the "Mathematics" menu.
2. Press "Save".

3. Define the storage location using the "Storage" softkey, and the file name using the
"File name" softkey.
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See: chapter 12.2.1.1, "Configuring Storage Locations", on page 207.

4. Optionally, define a comment to be added to the equation set using the "Comment"
softkey.

5. Press "Save".

The equation set is saved as configured.

To load an equation set

1. Press "MATH > Load".

A file explorer is displayed.

2. If necessary, switch to the storage location that contains the file by pressing "Stor-
age".

3. Select the file that contains the equation set. Use the "Navigation" knob to scroll
through the directories. To change the directory, scroll to the name of the directory
and press the knob, or press "Change dir.".

4. Press "Load".

The equation set is loaded to the R&S RTM.

7.2 Reference for Mathematics

The MATH key provides functions to configure and display calculated data.

For details on working with these functions, see chapter 7.1, "Configuring and Using Math
Waveforms", on page 94.
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Equation

Selects one of five possible mathematical channels.

Visible
Defines whether the selected mathematical waveform is displayed on the display or not.
Note: MA5 cannot be displayed, it is always invisible.

Remote command:
CALCulate:MATH<m>:STATe on page 330

Unit
Defines the unit of the equation results. The selected unit only has an effect on the dis-
played unit, not on the size of the values.

The following units are available:
V (Volts)

A (Amperes)

Q (Ohms)

S (Siemens)

V/A (Volts per Ampere)

W (Watts, active power)

VA (Voltamps, apparent power)
VAr (Voltamps, reactive power)
Vs (Volt-seconds = Weber, unit of magnetic flux)
V/s (Volts per second)

dB (decibels)

dBm (dB referred to 1 mW)
dBV (dB referred to 1 V)
dBuV (dB referred to 1 pV)

s (Second)

1/s, Hz (Hertz)

s/DIV

F (Farad)

H (Henry)

% (Percent)

° (Degree)

™ (Pi)

Pa (Pascal)

m (Meter)

g (Acceleration)

°C (Degrees Celsius)

K (Kelvin)

°F (Degrees Fahrenheit)

N (Newton)

J (Joule)

C (Coulomb)

—
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Wb (Weber)
T (Tesla)
(dez) (dezimal)
(bin) (binary)
(hex) (hexadezimal)
(oct) (octal)
DIV (Division, graticule)
px (pixel)
Bit
Bit/s
Byte
Bd (Baud)
Sa (Samples)
Sa/sec. (Samples per second)
cyc (cycles)
Trc. (Traces)
Sa/X
Rising edge
Falling edge
Positive impulse
Negative impulse
Ev. (Events)
Symb. (symbols)
Sy./s (symbols per second)
Wfm. (waveforms)

Edit Equations
Provides functions to configure the calculations for the mathematical channels.

Remote command:
CALCulate:MATH<m>[:EXPRession] [:DEFine] on page 331

Equation — Edit Equations
Selects one of five possible mathematical channels.

Operator — Edit Equations
Defines the operation to be performed on the specified operands in the mathematical
channel.
"Addition" Op1 + Op2
Adds the two operands.

-~

i
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"Subtraction”

"Multiplication

"Division"

"Maximum"
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Op1-0p2
Subtracts the second operand from the first operand.

-
1

Ry

Op1 * Op2
Multiplies the two operands.

-
1
—

Op1/0p2

Divides the first operand by the second operand.

For small amplitudes of the second operand, the result increases
quickly. If the second operand crosses zero, the result would be a range
of +x to -«. In this case, instead of 0V, the calculation function uses the
value that the Least Significant Bit (LSB) of the second operand repre-
sents. (For an 8-bit value, for example, 1/256).

You can limit the zero-crossings of the operand by using the "Maxi-
mum" operator. This limitation results in a smaller result range and a
finer resolution.

-~

-

Maximum (Op1, Op2)

Compares the amplitudes of both operands and displays the maximum
amplitude. The sign of the result is taken from Operand1. Use this
operation in combination with the "Reciprocal" or "Division" operation
to limit the minimal amplitudes of an operand.

Example: Operand1 is a homopolar sine signal with V,,=3V. Operand?2
is a constant value of 1V. The result is always larger than 1V or smaller
than -1V.

=21
J -I

—
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"Square"

"Square Root"

"Abs. Value"

"Pos. Wave"
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Minimum (Op1, Op2)

Compares the amplitudes of both operands and displays the minimum
amplitude. The sign of the result is taken from Operand1. Use this
operation in combination with the "Reciprocal" or "Division" operation
to limit the maximal amplitudes of an operand.

Example: Operand1 is a MATH waveform within the range of +/-10V.
Operand2 is a constant value of 1V. The result is always smaller than
1V or larger than -1V.

Op1 * Op1
Squares the operand. If the operand contains negative values that have
been clipped, then the result contains positive clipping.

I- II
fet
Square Root (Op1)

Calculates the square root of the operand. Note that the square root of
a negative number is undefined and the result is clipped.

r:ﬁf

|Op1]

Calculates the absolute value of the operand. All negative values are
inverted to positive values. The positive values remain unmodified. If
the operand has negative values that have been clipped, the result
contains positive clipping.

I-IIIrII
' =
Max (Op1, 0)

Extracts the positive data points from the operand. For all negative val-
ues the result is zero. The positive values remain unmodified.

I-I-I'I:I

—
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"Reciprocal"

"Inverse"

"Common
Log."

"Natural Log."
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Min (Op1, 0)
Extracts the negative data points from the operand. For all positive val-
ues the result is zero. The negative values remain unmodified.

I "
- LL

= "1
1V / Op1
Divides 1V by the operand values.
For small operand amplitudes the result increases quickly. If the oper-
and crosses zero, the result would be a range of +» to -». In this case,
instead of OV, the calculation function uses the value that the Least
Significant Bit (LSB) of the operand represents. (For an 8-bit value, for
example, 1/256).
You can limit the zero-crossings of the operand by using the "Maxi-

mum" operator. This limitation results in a smaller result range and a
finer resolution.

IHIN
1]
&
Inverts all voltage values of the operand, i.e. all values are mirrored at
the ground level. Thus, a positive voltage offset becomes negative. If

the amplitude of the operand is clipped, the result is the inverted limi-
tation.

log (Op1)
Calculates the logarithm to the basis 10 of the operand. Note that the
logarithm of a negative number is undefined and the result is clipped.

ey

In (Op1)

Calculates the logarithm to the basis e (Euler number) of the operand.
Note that the logarithm of a negative number is undefined and the result
is clipped.

e
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"Integral”

"lIR low pass"

"lIR high pass"
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f(Op1)

The derivative corresponds to the rise of the tangent through a function
point and indicates the dimension of the change in quantity of the oper-
and in time. The larger the quantity change of the operand per time
becomes, the larger the result of the derivative is.

The calculation is approximated using the secant based on the current
calculated value and a value with a distance of 0.1 DIV. Due to this, the
time axis has a finitely small resolution. Therefore, scale the input signal
to display the required area appropriately.

Calculates the definite integral of the operand.

The calculation is displayed in the illustration. The integration starts at
point "a" and adds the area beneath the waveform. Point "b" indicates
the currently calculated value. At the end of the positive alternation, the
integral function reaches its maximum. Due to the homopolar operand
used in this example, the waveform of the area reaches zero after the
negative alternation.

Use a V-Marker to measure the area for an extract of the waveform.
See also: "Meas.Type" on page 80.

"1
a .l
IIR (Op1,fg=0p2)
Calculates a low-pass filtered waveform of "Operand 1". The cut-off
frequency is set with constant "Operand 2". Signal components with

frequencies higher than the cut-off frequency are attenuated signifi-
cantly.

IR (Op1,fg=0p2)

Calculates a high-pass filtered waveform of "Operand 1". The cut-off
frequency is set with constant "Operand 2". Signal components with
frequencies below the cut-off frequency are attenuated significantly.

Remote command:
CALCulate:MATH<m>[:EXPRession] [:DEFine] on page 331

Operand 1 — Edit Equations

Defines the first operand for the mathematical operation. The source can be any active
channel signal, a constant value, or a mathematical waveform with lower number than
the one to be defined.

"CH1 | CH2 |
CH3 | CH4"

"Const."

An active channel waveform

A constant value

—
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"MA1 | MA2 | A mathematical waveform. Only math waveforms with lower number
MA3 | MA4" are available.

Operand 2 — Edit Equations

Defines the second operand for the mathematical operation, if required. The source can
be any active channel signal, a constant value, or a mathematical waveform with lower
number than the one to be defined.

"CH1 | CH2 | An active channel waveform

CH3 | CH4"

"Const." A constant value

"MA1 | MA2 | A mathematical waveform. Only math waveforms with lower number
MA3 | MA4" are available.

Edit Constant — Edit Equations
Provides functions to define a constant value to be used in a mathematical operation. In
addition to the value, a decimal point, the unit and an Sl-prefix can be defined.

This softkey is only available if "Constant" is selected as one of the operands.

Constant — Edit Constant — Edit Equations

Specifies a pre-defined constant or a user-defined constant for a mathematical operation.
Either one of the following pre-defined constants can be selected, or one of 10 user-
defined constants.

Pi

2*Pi

1/2*Pi

e

Value — Edit Constant — Edit Equations
Specifies the value for a user-defined constant. This function is only available if one of
the user-defined constants is selected by the "Constant" softkey.

Decimal Point — Edit Constant < Edit Equations
Moves the decimal point within the user-defined constant value.

Prefix — Edit Constant — Edit Equations
Defines an Sl-prefix for the unit of a user-defined constant value. The following prefixes
are available:

None

m (Milli, 103)
u (Mikro, 10°)
n (Nano, 10°)
p (Piko, 10"2)
f (Femto, 10-1%)
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a (Atto, 10-18)
z (Zepto, 10?")
y (Yokto, 1024
K (Kilo, 103)

M (Mega, 10°)
G (Giga, 109)
T (Tera, 10%?)
P (Peta, 10'%)
E (Exa, 10'8)
Z (Zetta, 10%)
Y (Yotta, 10%%)

Unit — Edit Constant — Edit Equations
Defines the unit of the user-defined constant value. The selected unit only has an effect
on the displayed unit, not on the size of the values.

For a list of available units, see "Unit" on page 98.

Save — Edit Constant — Edit Equations
Saves the defined constant to the equation of the math waveform.

Equation Label — Edit Equations
Defines a label for the current equation.

Eq. Set Label
Defines a label for the equation set.

Save
Opens the "Save" menu with basic functions to save the equation set.

See "Save Menu" on page 209.

Load
Displays the "Load" menu and a file explorer to select an equation set file.

See "Load Menu" on page 210.

—
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8 FFT

In addition to signal vs. time and signal vs. signal displays, the frequencies of a signal as
determined by FFT analysis can be displayed. FFT analysis is configured and activated
using the FFT key. Analysis is always performed on the signal channel that was most
recently activated, however you can change the channel source.

Various parameters concerning the time base, scaling and the waveform arithmetic can
be configured for the FFT display. You can configure FFT either numerically using the
softkeys, or graphically using the rotary knobs.

On the FFT display, you can perform frequency and level measurements by means of a
cursor measurement. Automatic measurements are not available.

8.1 FFT Display

When you activate FFT display, two windows are displayed: the signal vs. time at the top,
the result of the FFT analysis at the bottom.

The display can be restricted to the results for a certain time base extract and to a speci-
fied frequency range. The time range is indicated by white lines in the Y(t)-diagram (see
also figure 8-1).

|
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Section) and the FFT frequency range (FFT Control) by pressing the horizontal SCALE
rotary knob. The currently selected screen element is highlighted and displayed in the
information bar. Depending on the selection, the functions of the SCALE and
POSITION rotary knobs may change.

ﬂ Move the focus between the Y (t)-window (Time Control), the FFT time base extract (Time

The usual channel parameters are displayed in the information bar above the Y(t)-window
(see the general display information described in the "Getting Started" manual).

In addition, FFT-specific parameters are indicated in the information bar above the FFT
window. The following information is given there:

Description Setting
1 Width of the time base extract for which FFT is calculated YT-Window
2 Position of time base extract Position
3 Width of the displayed frequency range Span
4 Center of the displayed frequency range Center

5 Sample rate for FFT calculation

6 FFT result mode Waveform Arithmetic
7 Signal source and vertical scaling factor per division CH1...CH4 / Y-Scale / Y-Scaling
8 Focus of the horizontal SCALE knob Press SCALE

When you deactivate the FFT display, the previous display is restored.

8.2 Configuring and Using FFT Calculations

o Setting Up the FFT ANalysSiS....ccoiiiiiieieeeeeeeeee e 107
o  Configuring the Diagrams.........cuueiiiiiii e 108
®  Measuring ON FRT ...t 111

8.2.1 Setting Up the FFT Analysis

To display an FFT diagram
> Press the FFT key.

The key lights up and two windows are displayed: the signal vs. time at the top, the
result of the FFT analysis at the bottom.

—
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To deactivate the FFT display

» Press the FFT key again, or press the "FFT off" softkey in the "FFT" menu to deac-
tivate the FFT display.

The FFT key is no longer illuminated and the previous display is restored.

To configure the general FFT display
1. Press the FFT key to activate the FFT display and open the "FFT" menu.

2. If necessary, press one of the CH1...CH4 keys to change the signal source of the
FFT calculation.

3. Press "Waveform Arithmetic" to define the mode for FFT calculation and display. The
waveform arithmetic defines whether the values are updated regularly, or whether
values from previous spectra are included in the calculation and display.

For details see "Wfm. Arithmetic" on page 112.

4. If "Average" mode is selected, press "No. of Averages" to define how many spectra
are considered for the calculation.

5. Press "Window" to define which type of function is laid over the input values. If the
input values are to be used unaltered, use the "Rectangle" window. To reduce noise,
use a bell-shaped window.

For details see "Window" on page 113.

6. Press "Y-Scaling" to select logarithmic or linear scaling of the y-axis in the FFT win-
dow (see "Y-Scaling" on page 114).
7. Define the settings for the FFT window as described in "To configure the FFT diagram

numerically" on page 108.

8. Define the settings of the signal vs. time window as described in "To configure the
Y(t)-window numerically" on page 110. These settings are identical to the general
trigger and scaling settings defined for the channel (see also chapter 2.2.2, "Adjusting
the Signal Input Manually", on page 20).

8.2.2 Configuring the Diagrams

To configure the FFT diagram numerically

Alternatively to configuring the FFT window numerically via the softkeys, you can use the
rotary knobs to change the settings graphically, see "To configure the FFT diagram
graphically" on page 109.

1. Press "FFT-Setup"” in the "FFT" menu.

2. Define the time base extract for which the FFT is to be calculated and displayed. The
extract is defined by its width and position (see figure 8-1).

a) Press "YT-Window" to define the width of the time base extract.

—
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b) Press "Position" to define the position of the time base extract. The position is
defined as an offset of the center of the extract range to the Os reference point.

The time base extract is indicated by a white frame in the Y(t)-window. The width (W)
and position (P) are indicated in the information bar beneath the Y(t)-window.

Fig. 8-1: Width and position of the time base extract for FFT calculation

3. Press "Y-Scale" to define the scaling of the FFT amplitudes.

4. Define the frequency range to be displayed in the FFT window. The range is defined
as (Center - Span/2) to (Center + Span/2). For details see "Span" on page 115 and
"Center" on page 115.

a) Press "Span" to define the width of the frequency range.
b) Press "Center" to define the center frequency of the range.

To configure the FFT diagram graphically

1. Define the time base extract for which the FFT is to be calculated and displayed. The
extract is defined by its width and position (see figure 8-1).

a) Press the horizontal SCALE rotary knob to select the FFT time base extract
("W"/"P" settings are highlighted).

b) Turn the horizontal SCALE rotary knob to define the width of the time base extract.
Turn the knob counter-clockwise to enlarge the extract, or clockwise to decrease
it.

c) Turn the horizontal POSITION rotary knob to define the position of the time base
extract. Turn the knob counter-clockwise to move the extract to the left, or clock-
wise to move it to the right.

2. Define the frequency range to be displayed in the FFT diagram. The range is defined
as (Center - Span/2) to (Center + Span/2). For details see "Span" on page 115 and
"Center" on page 115.

a) Press the horizontal SCALE rotary knob to select the FFT frequency range
("Span"/"Center" settings are highlighted).

b) Turn the horizontal SCALE rotary knob to define the span of the frequency range.
Turn the knob counter-clockwise to enlarge the span, or clockwise to decrease
it.

c) Turn the horizontal POSITION rotary knob to define the center of the frequency
range. Turn the knob counter-clockwise to move the center to the left, or clock-
wise to move it to the right.

—
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d) Turn the vertical SCALE rotary knob to define the scaling of the FFT amplitudes.
Turn the knob counter-clockwise to decrease the amplitudes, or clockwise to
enlarge them.

To configure the Y(t)-window numerically

Alternatively to configuring the Y(t)-window numerically via the softkeys, you can use the
rotary knobs to change the settings graphically, see "To configure the Y(t)-window graph-
ically" on page 110.

1.
2.
3.

Press "Y(t)-Setup” in the "FFT" menu.
Press "Y-Scale" to define the scaling of the signal amplitudes in the Y(t)-window.

Press "Y-Position" to define the vertical position of the time axis in the Y(t)-window,
in divisions.

Press "Main Time Base" to define the scaling for the time base in the Y(t)-window in
seconds per division.

Note that when you change the scaling for the main time base, the width of the FFT
time base extract is also changed.

Press "Trigger Offset" to define the offset of the trigger point to the reference point
for Os.

Note that when you change the trigger offset, the position of the FFT time base extract
is also changed.

The scaling factor for the time base (TB) and the trigger offset (T) are indicated in the
information bar above the Y(t)-window.

Fig. 8-2: Time base (per division) and trigger offset in Y(t)-window

To configure the Y(t)-window graphically

1.

Press the horizontal SCALE rotary knob to select the Y(t)-window ("TB"/"T" settings
are highlighted).

Turn the vertical SCALE rotary knob to define the scaling of the signal amplitudes in
the Y(t)-window. Turn the knob counter-clockwise to decrease the amplitudes, or
clockwise to enlarge them.
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3. Turn the vertical POSITION rotary knob to define the vertical position of the time axis
in the Y(t)-window. Turn the knob counter-clockwise to move the time axis down, or
clockwise to move it up.

4. Turn the horizontal SCALE rotary knob to define the scaling for the time base in the
Y(t)-window. Turn the knob counter-clockwise to increase the scaling, or clockwise
to decrease it (and thus spread the waveform).

Note that when you change the scaling for the main time base, the width of the FFT
time base extract is also changed.

5. Turn the horizontal POSITION rotary knob to define the offset of the trigger point to
the reference point for 0s. Turn the knob counter-clockwise to move the trigger point
to the left, or clockwise to move it to the right.

Note that when you change the trigger offset, the position of the FFT time base extract
is also changed.

8.2.3 Measuring on FFT

You can perform cursor measurements in FFT mode. Automatic measurements are not
available.

1. Press FFT, then set up and configure the FFT diagram.

2. Press CURSOR.

3. Inthe "Cursor" menu, set the cursor lines to the required positions. Use "Prev.
Peak" and "Next Peak" to set the selected cursor line to the level peaks.
See also: chapter 6.1.3, "Cursor Menu", on page 79.

The frequency and level results are shown in the results table.

8.3 Reference for FFT key

The FFT key enables the FFT mode and opens the FFT menu.

See also:

e chapter 8.2, "Configuring and Using FFT Calculations", on page 107
e chapter 8.1, "FFT Display", on page 106
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The FFT key activates and deactivates a Fast Fourier Transformation (FFT) for the most
recently selected channel and provides functions to configure and display FFTs.

If activated, the FFT key lights up. Two windows are displayed: the signal vs. time window
at the top, and the result window of the FFT analysis at the bottom.

When deactivated, the previous display is restored.
To display the FFT for a different channel, press the corresponding channel key.

Remote command:
CALC:MATH:EXPR "FFTMAG (CHx) "; see also CALCulate:MATH<m> [ :
EXPRession] [:DEFine] on page 331.

Wfm. Arithmetic
Defines the arithmetic mode for FFT calculation and display.

"None" The FFT is performed without any additional weighting or postprocess-
ing of the acquired data. The new input data is acquired and displayed,
and thus overwrites the previously saved and displayed data.

—
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"Envelope" In addition to the normal spectrum, the maximal oscillations are saved
separately and updated for each new spectrum. The maximum values
are displayed together with the newly acquired values and form an
envelope. This envelope indicates the range of all FFT trace values that
occurred.

If any signal parameters are changed, the envelope is reset.

1
il bk
"Average" The average of several spectrums is calculated. The number of spec-

trums used for the averaging is defined using the knob or the "No. of
Averages" softkey. This mode is useful for noise rejection.

Remote command:
CALCulate:MATH<m>:ARIThmetics on page 334

No. of Averages
Defines the number of spectrums used for averaging.

This function is only available if "Average" mode is selected.

Remote command:
CALCulate:MATH<m>:FFT:AVERage:COUNt on page 335

Window
Window functions are multiplied with the input values and thus can improve the FFT
display.

If discontinuities occur at the borders of the measurement interval, the algorithm interprets
such discontinuities as a sudden edge, which can distort the result. For bell-shaped func-
tions, the border values are multiplied with smaller values and thus have less influence
on the result.

"Hanning" The Hanning window is bell shaped. Unlike the Hamming window, its
value is zero at the borders of the measuring interval. Thus, the noise
level within the spectrum is reduced and the width of the spectral lines
enlarges. Use this window to measure amplitudes of a periodical signal
precisely.

—
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"Hamming" The Hamming window is bell shaped. Its value is not zero at the borders
of the measuring interval. Thus, the noise level inside the spectrum is
higher than Hanning or Blackman, but smaller than the rectangular
window. The width of the spectral lines is thinner than the other bell-
shaped functions. Use this window to measure amplitudes of a period-
ical signal precisely.

u u I
"Blackman" The Blackman window is bell shaped and has the steepest fall in its
wave shape of all other available functions. Its value is zero at both
borders of the measuring interval. In the Blackman window the ampli-
tudes can be measured very precisely. However, determining the fre-
quency is more difficult. Use this window to measure amplitudes of a
periodical signal precisely.

"Rectangle" The rectangular window multiplies all points by one. The result is a high
frequency accuracy with thin spectral lines, but also with increased
noise. Use this function preferably with pulse response tests where start
and end values are zero.

Remote command:
CALCulate:MATH<m>:FFT:WINDow:TYPE on page 333

Y-Scaling

Defines the scaling unit for the y-axis. The display values are valid for 50Q termination
impendance. To achieve this, the existing internal terminating resistor can be used, or an
external terminating resistor can be connected parallel to the high impedance input.

To set the scale value, use "FFT Setup" > "Y-Scale".

"dBm" logarithmic scaling; related to 1 mW
"dBV" logarithmic scaling; related to 1 Veff
"Veff" linear scaling; displays the RMS value of the voltage

Remote command:
CALCulate:MATH<m>:FFT:MAGNitude:SCALe on page 335

FFT-Setup
Defines the settings for the FFT window. The display can be restricted to the results for
a certain time base extract and to a specified frequency range.
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Span — FFT-Setup
The span is specified in Hertz and defines the width of the displayed frequency range,
which is (Center - Span/2) to (Center + Span/2). The position of the span is defined using
the "Center" function.

|

Note: If the FFT frequency range is selected ("Span"/"Center" is highlighted), the width
of the span can be adjusted using the horizontal SCALE rotary knob.

Remote command:

CALCulate:MATH<m>:FFT:SPAN on page 337
CALCulate:MATH<m>:FFT:FULLspan on page 337
CALCulate:MATH<m>:FFT:STARt on page 338

CALCulate:MATH<m>:FFT:STOP on page 338

Center — FFT-Setup
Defines the position of the displayed frequency domain, which is (Center - Span/2) to
(Center + Span/2). The width of the domain is defined using the "Span" function.

.

Note: If the FFT frequency range is selected ("Span"/"Center" is highlighted), the width
of the span can be adjusted using the horizontal POSITION rotary knob.

Remote command:

CALCulate:MATH<m>:FFT:CFRequency on page 337
CALCulate:MATH<m>:FFT:STARt on page 338

CALCulate:MATH<m>:FFT:STOP on page 338

Y-Scale < FFT-Setup
Changes the vertical scaling of the FFT display (in V/dBm) per division.

Note: If the FFT frequency range is selected ("Span"/"Center" is highlighted), the Y-Scale
can be defined using the vertical SCALE rotary knob.

See also "SCALE, Y-Scale" on page 29.

Remote command:
CALCulate:MATH<m>:SCALe on page 330

YT-Window « FFT-Setup

Defines the width of the time base extract from the Y(t)-window for which the FFT is
calculated. The extract is indicated by white lines in the Y(t)-window. The value is indi-
cated by "W" in the information bar above the FFT window.

Note: If the FFT time base extract is selected ("W"/"P" is highlighted), the width can be
adjusted using the horizontal SCALE rotary knob.

—
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See also figure 8-1.

Remote command:
CALCulate:MATH<m>:FFT:TIME:RANGe on page 338

Position < FFT-Setup
Defines the position of the time base extract in the Y(t)-window for which the FFT is
calculated. The value is indicated by "P" in the information bar above the FFT window.

Note: If the FFT time base extract is selected ("W"/"P" is highlighted), the position can
be adjusted using the horizontal POSITION rotary knob.

See also figure 8-1.

Remote command:
CALCulate:MATH<m>:FFT:TIME:POSition on page 339

Points «— FFT-Setup
Defines how many samples are used for FFT calculation

The value is changed in 2" steps from 2048 (2'") to 65536 (2'°).

Remote command:
CALCulate:MATH<m>:FFT:BANDwidth[:RESolution] :RATio on page 336

Y(t)-Setup
Defines the settings for the signal vs. time window.

Y-Scale < Y(t)-Setup
Changes the vertical scaling of the Y(t)-window (channel scaling).

Note: If the Y(t)-window is selected (indicated by a white border), the Y-Scale can be
adjusted using the vertical SCALE rotary knob.

See "SCALE, Y-Scale" on page 29.

Remote command:
CHANnel<m>:SCALe on page 279

Y-Position < Y(t)-Setup
Defines the vertical position of the time axis in the Y(t)-window, in divisions.

Note: If the Y(t)-window is selected (indicated by a white border), the Y-Position can be
adjusted using the vertical POSITION rotary knob.

Remote command:
CHANnel<m>:POSition on page 280

Main Time Base « Y(t)-Setup
Defines the scaling for the time base in the (original) Y(t)-window in seconds per division.
The scaling is indicated by "TB" in the information bar above the window.
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Note: If "Time Control" is selected, the main time base can be adjusted using the hori-
zontal SCALE rotary knob.

See also "SCALE" on page 23, "To configure the original Y(t)-diagram" on page 65 and
figure 8-2.

Remote command:

TIMebase:SCALe on page 273

Trigger Offset — Y(t)-Setup

Defines the horizontal position of the trigger point in relation to the reference point - to
the zero point of the grid. The value is indicated by "T" in the information bar above the
window.

The reference point is set with SETUP >"Time Reference".

Note: If a zoom or FFT window is displayed and "Time Control" is selected, the trigger
offset can be adjusted using the horizontal POSITION rotary knob.

See also:

e "POSITION" on page 23

® "Time Reference" on page 225

e "To configure the original Y (t)-diagram" on page 65

Remote command:
TIMebase:POSition on page 274

Show Channels — Y(t)-Setup
Displays all active channels in the Y(t)-window. By default, only the selected channel is
visible, the channel used for FFT calculation.

FFT Off
Closes the FFT display and returns to the previous display.

—
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9 Masks

Masks are used to determine whether the amplitude of a signal remains within specified
limits, e.g. to detect errors or test compliance of digital signals.

9.1 About Masks

9.1.1 Masks

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.

Once a mask has been defined, the copied waveform envelope is kept in the instrument
until the next mask is defined or loaded. The settings for stretch and move are not kept.
If you want to keep the complete mask definition, or you need more than one mask, you
can save the mask to and load from any storage device - internal memory or external
USB flash device.

Itis also possible to copy the saved masks to another storage device with "Export/Import
Masks". In an export/import operation, the name of the target file can be changed, so you
can copy and rename the file in one operation. You can also change the target file format
and convert the data during export/import. To copy a mask, use FILE >"Import/Export
Masks".

See also:
e chapter 9.1.3, "File Formats for Masks", on page 119
e chapter 12.2.1.2, "Importing and Exporting Data", on page 207

9.1.2 Mask Testing

The mask test analyzes whether tested signal runs inside the mask. The overall test result
is shown in the results table:

left column = number of tested acquisitions and test duration
middle column = number of passed acquisitions (green) and number of failed acquisitions (red)
right column = percentage share of passed and failed acquisitions

During a mask test, various actions can be executed when mask violations occur: notifi-
cation by a sound, stop of acquisition, printout or saving a screenshot, saving the wave-
form data.

User Manual 1305.0595.02 — 08 118



R&S®RTM Masks

About Masks

SCPI commands for mask test results:

® MASK:COUNt? on page 342

® MASK:VCOunt? on page 342

® MASK:RESet:COUNter on page 342

9.1.3 File Formats for Masks

Data of masks is always saved as a succession of pairs of values - lower and upper limit
- and the pairs are written as two consecutive single values. Depending on the file format,
only amplitude values are stored, or the amplitude values are stored together with their
sample index.

Amplitude values are not saved as voltage values but as division values. The minimum
value for evaluation is -5.12 DIV, the maximum is +5.12 DIV. The internal vertical range
of the instrument exceeds the visible vertical range of +4 DIV.

With export, you can convert the MSK file to CSV, TXT, or BIN formats. Import is possible
for MSK and CSV files.

MSK Format

MSK is the specific binary format for masks of the R&S RTM. It contains pairs of amplitude
values (in divisions) , their sample indexes and current instrument settings. Thus, the

amplitude values are not related to time and voltage. The data can be loaded back to the
instrument for further use. The format is not intended for analysis outside the R&S RTM.

CSV Format

In a Comma Separated Values text file, the waveform is stored in a two-columned table.
Columns are separated by a comma, and the lines are separated by line breaks \r\n
(0x0D 0xO0A).

The first column contains the sample indexes, and the second column contains the asso-
ciated amplitude values in divisions. The first line indicates the units of the values in each
column, and the name of the waveform. For each sample index, two values (minimum
and maximum) are written. The range of amplitude values is -5.12 to +5.12 divisions.

The data can be loaded back to the instrument for further use.

Example: CSV file

[Sal,MSK1[DIV]

0.000E+00,-3.273E+00
0.000E+00,-7.831E-01
1.000E+00,-3.313E+00
1.000E+00,-8.232E-01
2.000E+00,-3.273E+00
2.000E+00,-8.232E-01
3.000E+00,-3.273E+00
3.000E+00,-7.831E-01
4.000E+00,-3.273E+00

—
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.000E+00,-7.831E-01
.000E+00,-3.313E+00
.000E+00,-8.232E-01
.000E+00,-3.273E+00
.000E+00,-8.232E-01
.000E+00,-3.273E+00
.000E+00,-7.831E-01
.000E+00,-3.313E+00
.000E+00,-7.831E-01
.000E+00,-3.273E+00
.000E+00,-7.831E-01
.000E+01,-3.273E+00
.000E+01,-8.232E-01
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At export, the sample indexes are written in scientific notification.
If you create a mask manually in a CSV file, you can write the indexes simply as intergers.
The file should contain 1000 pairs of min-max values.

TXT Format

TXT files are ASClII files that contain only amplitude values in divisions but no time values.
Amplitude values are separated by commas. Pairs of values are listed as two subsequent
single values, without any identification. There is no comma at the end of the file.

Example: TXT file

4.00,4.20,4.05,4.25,4.08,4.28,..... , —-4.05,-4.25,-4.00,-4.20

BIN Format

BIN files contain binary amplitude values only but no time values. Each value has a word
size of 8, or 16, or 32 bit, the word size is the same throughout the file.

Words are given in Big Endian order - beginning with the MSB (Most Significant Byte)
and ending with the LSB (Least Significant Byte). Pairs of values are listed as two sub-
sequent single values, without any identification.

Working with Masks

Masks define a frame with which you can compare the signal values. You can load pre-
configured masks or define your own masks based on existing waveforms. When you
perform a test, you can define which actions are to be taken upon violation of the mask
limits.

N

Masks are displayed in the color used for reference waveforms.
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9.2.1 Creating New Masks

You create a new mask based on a channel waveform, then optimize it by changing its
position and proportions, and save it.

1.

Select and adjust the channel waveform that will be used as basis for the mask, and
run continuous acquisition.

Press MASKS.

The selected waveform is displayed with its envelope, other waveforms are switched
off in masks mode.

Press "New Mask".

Press "Copy Channel" to create the new mask.
The mask is created from the envelope and displayed in the color used for reference
waveforms.

5.

To change the width of the waveform in vertical direction, press "Width Y" and turn
the "Navigation" rotary knob.
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The specified factor in 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.

6. Similarly, to change the width of the waveform in horizontal direction, press "Width
X" and turn the "Navigation" rotary knob.
The left half of the mask is pulled to the left, the right half is pulled to the right.

7. To move the mask vertically on the screen, press "Y-Position" and turn the "Naviga-
tion" rotary knob to change the y-position.
The current position is indicated as an offset from the center in divisions; a positive
value indicates the waveform was moved upwards; a negative value indicates the
waveform was moved down.

8. To change the scaling of the mask in y-direction, press "Stretch Y" and turn the
"Navigation" rotary knob.
Turn the knob clockwise to increase the factor, or counterclockwise to decrease the
factor. A value over 100% stretches the amplitudes; a value less than 100% com-
presses the amplitudes.

9. Save the new mask:

a) Press "Save".
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b) Define the storage settings as described for waveforms in chapter 12.2.1.1,
"Configuring Storage Locations", on page 207.
c) Press "Save".

9.2.2 Loading Masks

You can load mask data from MSK or CSV files from any storage device.

To copy a mask, use FILE >"Import/Export Masks". For import/export procedure, see
chapter 12.2.1.2, "Importing and Exporting Data", on page 207.

Press MASKS to display the "Mask Test" menu.

Press "Load Mask".

The "Load" menu and a file explorer is displayed.

Press "Storage" and select the storage device (internal directory or USB flash drive
connected to front or rear panel).

Select the directory and then the file that contains the mask. Use the "Navigation"
knob to scroll through the directories. To change the directory, scroll to the name of
the directory and press the knob, or press "Change dir.".

Press "Load".

The selected mask is displayed on the screen.

9.2.3 Performing a Mask Test

Using a mask test you can detect limit violations of the measured signal compared to a
pre-defined mask.

To perform a mask test

1.
2.
3.

Seet up the waveform as usual.
Press MASKS to display the "Mask Test" menu.

Create a mask, or load an existing mask.

See:

e chapter 9.2.1, "Creating New Masks", on page 121
e chapter 9.2.2, "Loading Masks", on page 123

Press "Actions" to define what happens when a violation occurs. Select one or more
of the available actions by pressing the corresponding softkey and define when the
action will be executed.

See: "Actions" on page 126.

Press "Test" to start the mask test.

—
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The mask test is performed, i.e. the data from the active channel is compared to the
mask.

If the mask limits are exceeded, the specified action is taken. The overall result is
shown in the results table:

6. Press "Pause" to stop testing temporarily without closing the "Masks" menu.
Press "Pause" again to continue the test.

7. Press "Masks Test Off" to turn off the mask test and exit the "Mask" menu.

9.3 Reference for MASKS key

The MASKS key opens the "Masks" menu. Masks are used for error detection and com-
pliance tests of digital signals.

You can:

e run mask tests.

e configure actions triggered by mask violation.

e configure new masks based on channel signals.

NEW MASK... ittt ettt e e ettt e e e e e et e e e e seaaeeeeeaaaeeeensnnnaaeens 125
L COPY CRANNEL ...t eee e e e 125
L Y oPOSIHION. ..ttt e ettt ettt en e 125
] R =1 o 1 1N 20T OSSR 125
L WVIEN Y ettt e et n et e e e e eenee e 125
L OWIAEN Xioineieececceecee ettt ss et ss et as st et tese e esesetenssesansnnns 126
ST = YOO 126
(oY= o I 1Y/ =T PRSP 126
F o3 110 [T 126
L Sound, Stop, Screenshot, Print, Waveform..........ccccccceieiiiiiiiiicee e, 127
=TT ST Y1 A 1 127
Test

Performs a mask test for the selected signal, i.e. the signal's amplitudes are compared
with the specified mask. If the amplitude exceeds the limits of the mask, a violation is
detected.
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Which action is to be taken when a violation is detected is defined using the Actions
softkey. See also: chapter 9.2.3, "Performing a Mask Test", on page 123.

Remote command:
MASK:TEST on page 340

Pause
Temporarily stops the mask test without closing the "Masks" menu. Counts are not
deleted, and the actions cannot be changed during a pause.

Remote command:
MASK: TEST on page 340

New Mask
Opens a submenu to define a new mask for testing.

See also: chapter 9.2.1, "Creating New Masks", on page 121

Copy Channel — New Mask
Creates a new mask from the envelope waveform of the selected channel and stores it
in the instrument.

Remote command:
MASK:CHCopy on page 340

Y-Position < New Mask

Moves the mask vertically within the display. Turn the "Navigation" rotary knob to change
the y-position.

The current position is indicated as an offset from the center in divisions; a positive value

indicates the waveform was moved upwards; a negative value indicates the waveform
was moved down.

Remote command:
MASK:YPOSition on page 341

Stretch Y — New Mask
Changes the vertical scaling to stretch the mask in y-direction.

Turn the "Navigation" rotary knob clockwise to increase the factor, or counterclockwise
to decrease the factor. A value over 100% stretches the amplitudes; a value less than
100% compresses the amplitudes.

Remote command:
MASK:YSCale on page 341

Width Y < New Mask
Changes the width of the mask in vertical direction.
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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".

Remote command:
MASK:YWIDth on page 341

Width X — New Mask
Changes the width of the mask in horizontal direction.

The specified factor 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.

Remote command:
MASK:XWIDth on page 341

Save — New Mask
Opens a menu to save the mask in an instrument-specific format. The complete mask
definition - envelope waveform with width, stretch and position settings - is stored.

See "Save Menu" on page 209.

Remote command:
MASK: SAVE on page 340

Load Mask
Opens a file explorer to select a previously stored mask. The selected mask is loaded
and can be used for a subsequent test.

Remote command:
MASK : LOAD on page 340

Actions

Opens a submenu to select the actions to be taken when a violation against the mask
limits occurs. For each action, you can define when and how often the action will be
executed.

"Sound" Generates a beep sound.

"Stop" Stops the waveform acquisition.

"Screenshot" Saves a screenshot according to the settings in FILE > "Screenshots".
"Print" Prints a screenshot to a printer connected to the USB connector on the

front or rear panel.
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"Waveform" Saves the waveform data according to the settings in FILE > "Wave-
form".

Remote command:

MASK:ACTion:SOUNd:EVENt : MODE on page 342
MASK:ACTion:STOP:EVENt :MODE on page 342
MASK:ACTion:SCRSave:EVENt:MODE on page 342
MASK:ACTion:PRINt:EVENt:MODE on page 342
MASK:ACTion:WEFMSave: EVENt :MODE on page 342

Sound, Stop, Screenshot, Print, Waveform «— Actions
For each action, you can define when and how often the action will be executed.

[ 9
=
"Off" No action is executed.
"Each" The selected action is executed on each violation of the mask.
"Aftern/n" "Single": The selected action is executed once after the n-th violation.
"Cyclic": The selected action is executed repeatedly after each n-th
violation.

Set the execution interval with softkey "n".
Remote command:
MASK:ACTion:SOUNd:EVENt :COUNt on page 343
MASK:ACTion:STOP:EVENt:COUNt on page 343
MASK:ACTion:SCRSave:EVENt:COUNt on page 343
MASK:ACTion:PRINt:EVENt:COUNt on page 343
MASK:ACTion:WEMSave:EVENt :COUNt on page 343

Masks Test Off
Turns off the mask test and exits the "Mask" menu.

Remote command:
MASK:STATe on page 340

—
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10 Search

10.1 Search Conditions and Results

The search functions of R&S RTM allow to find all edges, pulse widths, peaks, or other
events in an acquisition that match the search conditions. For each search type, specific
settings are available. Searches can be performed on any channel, math or reference
waveform.

Searches can be performed online, that is repeatedly for each new data acquisition in a
running acquisition series, or only once after the acquisition has been stopped. In an
online search, only the displayed data is searched while the search on a stopped acqui-
sition analyzes the contents of the memory.

The searched time base range can be restricted by defining a gate.

10.1.1 Search Results

Search results are marked in the diagram and listed in a results table with their specific
measurement values. In the table, five results are shown. To navigate the search results,
turn the NAVIGATION knob. See also: "To analyze search results" on page 130.

Search result markers

For further analysis, for example, for cursor measurements, you can set up to 20 markers
to selected search results. Search result markers are different from usual timestamp
markers but they are set, navigated and deleted by means of the marker keys, too. As
long as a search is enabled, the search result markers are active. If search is off, usual
markers can be used.

See also:

® "To use markers on search results" on page 131

e chapter 4.4, "Markers", on page 67

—
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Fig. 10-1: Results of an edge search with R&S RTM

1 = Search results

2 = Marked search results

3 = Selected search result

4 = Search conditions

5 = Number of results, scope of results displayed in the results table

6 = Result values: result number, time value, optional value depending on the search type (voltage, width)

SCPI commands:
® SEARch:RCOunt? on page 359
® SEARch:RESult:ALL? on page 358

® SEARch:RESult<n>? on page 358
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10.2 Configuring and Performing Searches

To configure and start a search
Prerequisite: Signal acquisition, reference or math waveform is configured.

1. Press the SEARCH MENU key.

The "Search" menu opens, and the search is enabled.

2. Press "Source" and select the waveform for analysis. All active channel, math, and
reference waveforms are available for selection.

3. Press "Search type" and select the event you want to search for: edge, width, peaks,
runts, specified rise/fall time, setup/hold time, pattern, or protocol-specific events.

4. Press "Setup" and configure the selected search type.
Details:

chapter 10.3.2, "Edge Setup", on page 133

chapter 10.3.3, "Width Setup", on page 134

chapter 10.3.4, "Peak Setup", on page 135

chapter 10.3.5, "Rise/Fall Time Setup", on page 135

chapter 10.3.6, "Runt Setup", on page 137

chapter 10.3.7, "Data2Clock Search", on page 138

chapter 10.3.8, "Pattern Search", on page 140

chapter 11.6.5.1, "CAN Search Setup", on page 189, requires option R&S RTM-
K3

e chapter 11.7.6.1, "LIN Search Setup”, on page 201, requires option R&S RTM-
K3

5. To restrict the time base range of the source waveform to be searched, press
"Gate" and define the search area.

6. Start continuous acquisition with RUN CONT.
The online search is performed on the displayed data. Search results are updated
permanently and indicated at the top of the diagram.
Stop the acquisition to search the memory data of the latest acquisition.

To analyze search results

1. Stop the running continuous acquisition, or acquire one waveform with RUN Nx SIN-
GLE.

2. Press "Events".

3. Press "View event table" in the "Events" menu.

The first five search results are listed in a table.

4. To select a search result, turn the NAVIGATION knob.

—
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The selected result is highlighted in the table and indicated in the diagram with a
magnifier symbol.

5. To see the selected event even if it is outside the display, press "Track event".

The waveform is moved on the display, and the selected result is shown at the time
reference point.

To use markers on search results

1. If the search results table is not visible, press "View event table".

2. To set markers to all results, press "Mark events". If more then 20 results are found,
the first 20 results are marked.

3. To set a marker to a selected result:

a) Select the result in the "Search Event Table" by turning the NAVIGATION knob.
b) Press the SET key.

4. To select a marker:

e Press the NEXT key to move to next marker to the right.
e Press the PREV key to move to previous marker to the left.

5. To delete a single marker, select it an press the CLEAR key.

6. To delete all markers, press "Clear all event markers".

To finish a search
1. To close the results table, press "View event table".

2. To stop the search, press "Search".

10.3 Reference for Search Menu

10.3.1 Main Search Menu

The SEARCH MENU key opens the same-named menu where you can search various
events, for example:

e edges
e peaks
e pulses with defined pulse width

rise time or fall time
e ... and more

—
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Search
Enables and disables the search mode.

Reference for Search Menu

Remote command:
SEARch:STATe on page 344

Search type

Selects the event you want to search for.

"Edge"

"Width"

"Peak"

"Rise/Fall time"

"Runt"

"Data2Clock"

"Pattern”

Similar to the edge trigger, an edge search result is found when the
waveform passes the given level in the specified direction.
For settings, see chapter 10.3.2, "Edge Setup”, on page 133.

Similar to the width trigger, a width search finds pulses with an exact
pulse width, or pulses shorter or longer than a given time, or pulses
inside or outside the allowable time range.

For settings, see chapter 10.3.3, "Width Setup", on page 134

The peak search finds pulses exceeding a given amplitude.
For settings, see chapter 10.3.4, "Peak Setup", on page 135

The rise or fall time search finds slopes with an exact rise or fall time,
or rise/fall times shorter or longer than a given limit, or rise/fall times
inside or outside the allowable time range.

For settings, see chapter 10.3.5, "Rise/Fall Time Setup",

on page 135

The runt search finds pulses lower than normal in amplitude. The ampli-
tude crosses the first threshold twice without crossing the second one.
In addition to the threshold amplitudes, you can define a time limit for
the runt in the same way as for width search: runts with exact width,
shorter or longer than a given time, or runts inside or outside the allow-
able time range.

For settings, see chapter 10.3.6, "Runt Setup", on page 137

The Data2Clock search - also known as setup/hold - finds violation of
setup and hold times. It analyzes the relative timing between two sig-
nals: 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. Setup time is the time that the data
signal is steady before clock edge. Hold time is the time that the data
signal is steady after clock edge.

For settings, see chapter 10.3.7, "Data2Clock Search", on page 138.

The pattern search finds logical combinations of channel states inside
or outside a specified time range. For each channel, its state and
threshold level is defined. The states are combined logically, and the
time of true pattern results is compared with a specified time range.
For settings, see chapter 10.3.8, "Pattern Search", on page 140.

—
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"Protocol" The protocol search finds various events in decoded data of CAN and
LIN signals, for example, a specified frame type, identifier, data, and
errors.The protocol search requires option R&S RTM-K3.
For information on protocol search, see
® chapter 11.6.5, "Search on Decoded CAN Data", on page 189
® chapter 11.7.6, "Search on Decoded LIN Data", on page 200
Remote command:
SEARch :CONDition on page 344
Setup
Opens a menu to define the specific search parameters.
Source
Selects the waveform to be analyzed with edge, width, peak, rise/fall time, or runt search.
All active channel, math, and reference waveforms are available for selection.
Remote command:
SEARch : SOURce on page 346
Source Setup
Opens a menu to define the source parameters for Data2Clock and Pattern search:
waveform, level, and hysteresis.
Gate
Opens a menu to restrict the time base range of the source waveform for search.
See chapter 10.3.9, "Gate Menu", on page 142
Events
Opens a menu with functions for result display and marker usage.
See: chapter 10.3.10, "Events Menu", on page 143
Remote command:
SEARch:RESDiagram: SHOW on page 357
10.3.2 Edge Setup

Access: SEARCH MENU > "Search type = Edge" > "Setup”

Edge

Sets the slope to be found:

"Rising" Rising edge, a positive voltage change
"Falling" Falling edge, a negative voltage change

—
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"Both" Rising edge and falling edge

Remote command:
SEARch:TRIGger :EDGE: SLOPe on page 347

Level
Sets the voltage level for the search.

Remote command:
SEARch:TRIGger:EDGE:LEVel on page 347

Hysteresis

Sets a hysteresis range to the search level in order to avoid unwanted search results
caused by noise oscillation around the level. For a rising edge, the hysteresis is below
the search level. Otherwise, for a falling edge the hysteresis is above the level.

Remote command:
SEARch:TRIGger:EDGE:LEVel :DELTa on page 347

10.3.3 Width Setup

Access: SEARCH MENU > "Search type = Width" > "Setup"

Polarity
Indicates the polarity of the pulse to be searched for.

Remote command:
SEARch:TRIGger:WIDTh:POLarity on page 347

Level
Sets the voltage level on which the pulse width is measured.

Remote command:
SEARch:TRIGger:WIDTh:LEVel on page 348

Hysteresis

Sets a hysteresis range to the search level in order to avoid unwanted search results
caused by noise oscillation around the level. For a rising edge, the hysteresis is below
the search level. Otherwise, for a falling edge the hysteresis is above the level.

Remote command:
SEARch:TRIGger:WIDTh:LEVel : DELTa on page 348

Comparison
Sets the condition how the measured pulse width is compared with the given limit(s).

"Greater than" Finds pulses longer than the given "Width".
See also: Width
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"Lower than" Finds pulses shorter than the given "Width".

"Equal” Finds pulses equal to the reference "Width" if "Variation" At = 0.
If "Variation" + 0, the setting finds pulses within the range width + At.
See also: Variation

"Not equal” Finds pulses unequal to the reference "Width" if "Variation" At = 0.
If "Variation" # 0, the setting finds pulses outside the range width + At.

Remote command:
SEARch:TRIGger :WIDTh:RANGe on page 348

Width
Sets the reference pulse width, the nominal value for comparisons.

Remote command:
SEARch:TRIGger :WIDTh:WIDTh on page 349

Variation
Sets a range At to the reference "Width" if comparison is set to "Equal” or "Not equal”.
The instrument finds pulses inside or outside the range width + At.

Remote command:
SEARch:TRIGger:WIDTh:DELTa on page 349

10.3.4 Peak Setup

Access: SEARCH MENU > "Search type = Peak" > "Setup"

Polarity
Indicates the polarity of the pulse to be searched for.

Remote command:
SEARch:MEASure:PEAK:POLarity on page 349

Magnitude
Sets the amplitude limit.

Remote command:
SEARch:MEASure:LEVel : PEAK:MAGNitude on page 349

10.3.5 Rise/Fall Time Setup

Access: SEARCH MENU > "Search type = Rise/Fall time" > "Setup"

—
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Edge

Sets the slope to be found:

e "Rising" to search for rise time

e "Falling" to search for fall time

e "Both" to search for rise and fall time

Remote command:
SEARch:TRIGger:RISetime:SLOPe on page 350

Upper level
Sets the upper voltage threshold. When the signal crosses this level, the rise/fall time
measurement starts or stops depending on the selected slope.

Remote command:
SEARch:TRIGger:LEVel :RISetime:UPPer on page 350

Lower level
Sets the lower voltage threshold. When the signal crosses this level, the rise time mea-
surement starts or stops depending on the selected slope.

Remote command:
SEARch:TRIGger:LEVel :RISetime:LOWer on page 350

Comparison
Sets how the measured rise or fall time is compared with the given limit(s).

"Greater than" Finds rise/fall times longer than the given "Rise/Fall time".

"Lower than" Finds rise/fall times shorter than the given "Rise/Fall time".

"Equal” Finds rise/fall times equal to the reference "Rise/Fall time" if "Varia-
tion" At =0.
If "Variation" # 0, the setting finds rise/fall times within the range time
+ At.
See also: Variation.

"Not equal” Finds rise/fall times unequal to the reference value if "Variation" At = 0.
If "Variation" # 0, the setting finds rise/fall times outside the range time
+ At.

Remote command:
SEARch:TRIGger:RISetime:RANGe on page 350

Rise/Fall time
Sets the reference rise or fall time, the nominal value for comparisons.

Remote command:
SEARch:TRIGger:RISetime: TIME on page 351
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Variation
Sets a range At to the reference "Rise/Fall time" if comparison is set to "Equal” or "Not
equal". The instrument finds rise/fall times inside or outside the range width + At.

Remote command:
SEARch:TRIGger:RISetime:DELTa on page 351

10.3.6 Runt Setup

Access: SEARCH MENU > "Search type = Runt" > "Setup"

Polarity
Indicates the polarity of the pulse to be searched for.

Remote command:
SEARch:TRIGger :RUNT:POLarity on page 352

Upper level

Sets the upper voltage threshold for runt detection. A negative runt crosses the upper
level twice without crossing the lower level.

Remote command:

SEARch:TRIGger:LEVel :RUNT: UPPer on page 352

Lower level
Sets the lower voltage threshold for runt detection. A positive runt crosses the lower level
twice without crossing the upper level.

Remote command:
SEARch:TRIGger:LEVel :RUNT:LOWer on page 352

Comparison
Sets the condition how the measured runt width is compared with the given limit(s).

The same conditions as with width search are used, see "Comparison" on page 134.

Remote command:
SEARch: TRIGger : RUNT : RANGe on page 352

Width
Sets the reference runt pulse width, the nominal value for comparisons.

Remote command:
SEARch:TRIGger :RUNT:WIDTh on page 353
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Variation
Sets a range At to the reference "Width" if comparison is set to "Equal” or "Not equal”.
The instrument finds pulses inside or outside the range width + At.

Remote command:
SEARch:TRIGger :RUNT:DELTa on page 353
10.3.7 Data2Clock Search
The settings for Data2Clock search are provided in two menus: in the "Setup" menu you

define the clock polarity, setup and hold times; and in the "Source Setup" menu you define
the waveforms to be used, and the levels and hysteresis for each source.

10.3.7.1 Data2Clock Source Setup

Access: SEARCH MENU > "Search type = Data2Clock" > "Source Setup”

For Data2Clock search, two sources have to be defined: a clock and a data waveform.
For each waveform, the level and the hysteresis can be set individually.

Clock

Selects the input channel of the clock signal.

Remote command:
SEARch:TRIGger:DATatoclock:CSOurce on page 353

Data
Selects the input channel of the data signal.

Remote command:
SEARch : SOURce on page 346

Level

Set the voltage levels for clock and data signals. Clock level and clock edge define the
reference point for setup and hold time. The data lavel defines the point of data transition.
Remote command:

SEARch:TRIGger:DATatoclock:CLEVel on page 354
SEARch:TRIGger:DATatoclock:DLEVel on page 354
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Hysteresis

Sets a hysteresis range to the search level of the selected signal in order to avoid unwan-
ted search results caused by noise oscillation around the level. For a rising edge, the
hysteresis is below the search level. Otherwise, for a falling edge the hysteresis is above
the level.

Remote command:
SEARch:TRIGger:DATatoclock:CLEVel :DELTa on page 354
SEARch:TRIGger:DATatoclock:DLEVel:DELTa on page 354

10.3.7.2 Data2Clock Setup

Access: SEARCH MENU > "Search type = Data2Clock" > "Setup"

Polarit

Sets thg edge of the clock signal to define the time reference point for the setup and hold
time.

"Rising" Only positive clock edges are considered.

"Falling" Only negative clock edges are considered.

"Either" The clock edges next to the data edge are considered regardless of the

clock slope.

Remote command:
SEARch:TRIGger:DATatoclock:CEDGe on page 354

Setup Time

Sets the minimum time before the clock edge while the data signal must stay steady
above or below the data level. The setup time can be negative. In this case, the setup
interval starts after the clock edge, and the hold time must be positive and longer than
the absolute value of the setup time.

Remote command:
SEARch:TRIGger:DATatoclock: STIMe on page 355
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Hold Time

Sets the minimum time after the clock edge while the data signal must stay steady above
or below the data level. The hold time can be negative. In this case, the hold time ends
before the clock edge, and the setup time must be positive and longer than the absolute
value of the hold time.

Remote command:
SEARch:TRIGger:DATatoclock:HTIMe on page 354

10.3.8 Pattern Search

The settings for pattern search are provided in two menus: in the "Setup" menu you define
the channel states, their logical combination and the time range for keeping up the true
result of the state pattern condition; and in the "Source Setup” menu you define the
threshold levels and hysteresis for each channel.

10.3.8.1 Pattern Source Setup

Access: SEARCH MENU > "Search type = Pattern" > "Source Setup”

For pattern search, up to four channels can be used as source. For each channel, the
threshold level and the hysteresis can be set individually.

Source
Selects the channel for which the pattern search is defined.

Level

Sets the threshold value for the selected source channel. If the signal value is higher than
the trigger level, 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 trigger level.

Remote command:
SEARch:TRIGger:PATTern:LEVel<n> on page 356

Hysteresis

Sets a hysteresis range to the level of the selected source channel in order to avoid
unwanted search results caused by noise oscillation around the level. For a rising edge,
the hysteresis is below the search level. Otherwise, for a falling edge the hysteresis is
above the level.

Remote command:
SEARch:TRIGger:PATTern:LEVel<n>:DELTa on page 356
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10.3.8.2 Pattern Setup

Access: SEARCH MENU > "Search type = Pattern" > "Setup"

For pattern search, up to four channels can be used as source. For each channel, you
define the state. The states are combined logically, and the time of true pattern results is
compared with a specified time range. Thus you can find state transitions inside or outside
this time range.

Source
Selects the channel for which the pattern search is defined.

Remote command:
SEARch:TRIGger:PATTern: SOURce on page 355

State

Sets the state of the selected source channel. The states are:

"H" High: the signal voltage is higher than the threshold level.
"L Low: the signal voltage is lower than the threshold level.
"X Don't care: the channel does not affect the search.

Remote command:
SEARch:TRIGger:PATTern: SOURce on page 355

Combination
Sets the logical combination of the channel states.

"AND" The required states of all channels must appear in the input signal at
the same time.

"Or" At least one of the channels must have the required state.

"NAND" "Not and" operator, at least one of the channels does not have the

required state.
"NOR" "Not or" operator, none of the channels has the required state.

Remote command:
SEARch:TRIGger:PATTern:FUNCtion on page 355

User Manual 1305.0595.02 — 08 141



R&S®RTM Search

Reference for Search Menu

Comparison

Sets the condition how the duration of a steady pattern is compared with the given limit(s).
The three settings "Width" "Variation" and "Comparison" define the time range for keeping
up the true result of the state pattern.

The same conditions as with width search are used, see "Comparison" on page 134.

Remote command:
SEARch:TRIGger:PATTern:WIDTh:RANGe on page 356

Width
Sets the limit time of a steady pattern, the nominal value for comparisons.

Remote command:
SEARch:TRIGger:PATTern:WIDTh[:WIDTh] on page 357

Variation

Sets a range At to the reference "Width" if comparison is set to "Equal” or "Not equal”.
The instrument finds true results of the state pattern inside or outside the range width +
At.

Remote command:
SEARch:TRIGger:PATTern:WIDTh:DELTa on page 357

10.3.9 Gate Menu

Access: SEARCH MENU > "Gate"

The gate restricts the time base of the source waveform to be searched.

Gate

Defines the search area. If the search is performed on a running acquisition series, the
instrument analyzes the displayed data. The search on a stopped acquisition analyzes
the contents of the memory.

"All" Running acquisition: all waveform samples that are displayed on the
screen.
Stopped acquisition: all data samples that are stored in the memory.

"Display" Search is restricted to the time range of the display.

"User" Search is restricted to the time range defined by "Start" and "Stop" val-
ues.

Remote command:
SEARch : GATE : MODE on page 346
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Start
Sets the start time of the search area in relation to the trigger point.

Remote command:
SEARCh:GATE:ABSolute:START on page 346

Stop
Sets the end time of the search area in relation to the trigger point.

Remote command:
SEARch:GATE:ABSolute: STOP on page 346

10.3.10 Events Menu

Access: SEARCH MENU > "Events"

Events are the search results which are marked in the waveform diagram and listed in
the event table. See also: chapter 10.1.1, "Search Results", on page 128.

View event table
Shows or hides the table of search results.

Remote command:
SEARch:RESDiagram: SHOW on page 357

Mark events
Sets markers to the first search results. Up to 20 markers can be set at once.

Clear all event marks
Removes all markers from search results.

Track event
If enables, the selected result is moved to the reference point. Thus you can always see
the selected event in the diagram.
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11.1

11.11

Basics of Protocol Analysis

Protocol Analysis

With the R&S RTM and some additional options, you can analyze the following parallel
and serial protocols:

o Parallel

e SPI (Serial Peripheral Interface with 3 lines) and SSPI (Serial Peripheral Interface
with 2 lines) - requires option R&S RTM-K1

e |2C (Inter-Integrated circuit bus) - requires option R&S RTM-K1

o UART/RS232 (EIA-232 serial interface) - requires option R&S RTM-K2

e CAN (Controller Area Network) - requires option R&S RTM-K3

e LIN (Local Interconnect Network) - requires option R&S RTM-K3

Basics of Protocol Analysis

The analysis of parallel and serial data consists of three main steps:

e Protocol configuration: Select the protocol type, and configure the input line as well
as the protocol-specific settings

e Decoding: Configure the display of the decoded data and enable decoding. As a
result, the digitized signal data is displayed on the screen together with the decoded
content of the messages.

You can scale the signal display and zoom into it to see it in more detail.
You can create and apply label lists for easier identification of the bus nodes on the
display.

e Triggering: You can trigger on various events that are typical for the configured bus
type, for example, on start and stop of messages, on specific addresses, or on serial
patterns.

Configuring Common Protocol Settings

Common settings for all bus types are the logic threshold and the decoding and display
settings.

To set the logic threshold

Before you start configuration and analysis, check and set the logic thresholds for all used
channels - the voltage values for digitization of analog signals. If the signal value is higher
than the threshold, the signal state is 1. Otherwise, the signal state is considered 0 if the
signal value is below the threshold.

&

If you want the instrument to set the thresholds based on the analysis of the signals, press
"Find level" in the protocol's "Configuration" menu.

1. Press the CH N key of the required channel.
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2. Press the "More" softkey.
3. Press "Threshold" and enter the voltage value.

4. Repeat step 1 to 3 for all channels that are used for protocol analysis.

To configure decoding and data display
1. Press the PROTOCOL key on the front panel.

2. Press the "Display" softkey and select the decoding format: Binary, Hexadecimal,
Decimal or ASCII.

3. Press "Decode" to display the content of the messages in an easily readable and
comprehensible form.

4. To adjust the position and size of decoded information on the screen, use the vertical
POSITION and SCALE rotary knobs.

5. To display the individual bit lines above the decoded data, press "Bits".

11.1.2 Reference for Protocol Decoding

The common settings in the "Protocol" menu define how the decoded signal is displayed.

Bus Type
Defines the bus or protocol type for analysis. For most types, a special option to the
instrument is required.

Remote command:
BUS:TYPE on page 359

Decode
Decodes the signal according to the protocol configuration and displays the decoded
signal - the content of every message. The decoding format is set with "Display".

Remote command:
BUS:STATe on page 359

Bits
Displays the individual bit lines above the decoded bus line.

Remote command:
BUS:DSIGnals on page 360
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Display
Sets the decoding format: Binary, Hexadecimal, Decimal or ASCII.

Remote command:
BUS:FORMat on page 360

Label List

Opens the "Label list" menu to load, sort, and display a name for each bus node instead
of the address or ID on the decoded results display. So it is easy to identify the messages
of the different bus nodes.

See: chapter 11.1.3, "Label List", on page 146

Frame Table
Opens the "Frame table" menu to configure and display the frame table with detailed
decoded data for each frame of the acquisition.

See: chapter 11.1.4, "Frame Table: Decode Results", on page 148

11.1.3 Label List

For all protocols using ID or address identification, it is possible to create label lists con-
taining 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 "Frame 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.

11.1.3.1 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:

e Comment lines begin with a hash character #. A hash character at any other position
in the line is treated like a standard character.

e 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:
e @FILE_VERSION: must appear exactly once in the file

o @PROTOCOL_NAME: must appear at least once in the file. Thus, one file can con-
tain several label lists for different protocols.
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# --- Start of PTT file
@FILE VERSION = 1.0
@PROTOCOL NAME = 1i2c
[... Label 1list for I2C]
@PROTOCOL NAME = can
[... Label 1list 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:

e Values are separated by commas
e Space characters following a delimiter are ignored

e Values with a special character (comma, newline, or double quote) must be enclosed
in double quotes

e Text in double quotes must be escaped by double quote characters

Additionally, numeric values may be decimal integer (default) or hexadecimal integer
(with prefix "0x")

# —--- Start of PTT file

@FILE VERSION = 1.0

@PROTOCOL NAME = 1i2c

# Following two lines are equal:

7,0x01, Temperature

7,0x01, Temperature

# A comma must be enclosed in double quotes:
7,0x01, "Temperature, Pressure, and Volume"

# A double quote must also be enclosed in double quotes:
7,0x7F,"Highspeed ""Master"" 01"

# Following lines yield the same result:
7,0x11,Pressure

0x7,0x11,Pressure

0x7,17,Pressure

1,17,Pressure

Label lists are protocol-specific. Their contents are described in the corresponding pro-
tocol chapters:

e chapter 11.4.4, "I°C Label List", on page 167
e chapter 11.6.3, "CAN Label List", on page 186
e chapter 11.7.4, "LIN Label List", on page 198

11.1.3.2 Label List Menu

Access: PROTOCOL > "Bus Type" = "I2C | CAN | LIN" > "Label List"

—
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Apply
Shows the labels from the label list in the display of decode results instead of the ID or
address.

Load
Opens amenuto selectand load a PTT file from an USB flash drive. The PTT file contains
one or more label lists.

The function is only available if an USB flash drive is connected to the instrument.

Alternatively, you can load a label list together with the device settings, if both were saved
with FILE > "Device Settings > Save > Setup & Label".

See also: "Setup & Label" on page 215

Show
Diplays the label list for the selected protocol type. Before, the label list must be loaded
from a PTT file.

Sort
Displays the label list in alphanumerical order or sorted by ID or address.

Remove
Deletes the label list from the instrument.

11.1.4 Frame Table: Decode Results

Access: PROTOCOL > "Frame Table"

The frame table shows the detailed decoded data for each frame of the acquisition. The
table content is protocol-specific, and the display of the table can be enabled for each
individual bus type.

Decode results shown in the frame table can be saved in a CSV file.

To navigate in the frame table
1. Stop the acquisition.

2. Turn the NAVIGATION knob to select a frame.
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3. Press the NAVIGATION knob to display the selected frame in the center of the wave-
form display.

If a search on decoded data was performed, the search results are marked in the frame
table.

Frame Table
Displays or hides the table of decode results.

Track frame
Defines the automatic synchronization of the selected frame in the frame table and the
waveform display.

The function is only available if the acquisition has been stopped.
"Off" Frame table and waveform display are not synchronized.

"Frame Index" The waveform display is connected to the frame that is selected in the
frame table. The selected frame is shown in the center of the display.
If you select another frame, the waveform display is adjusted automat-
ically.

"Hori. Position" The frame selection in the frame table is connected to the waveform
display. The frame in the center of the display is selected in the frame
table. When you change the horizontal position of the waveform, the
selection in the frame table is adjusted automatically.

Frame time difference

If selected, the time shown in the frame table is the time difference to the previous frame.
The column is indicated with "Time diff.". If the setting is disabled, the absolute time in
releation to the trigger point is shown in the "Start time" column.

Position

Defines the position of the frame table on the screen: top right, bottom right, or full screen.
With full screen setting, the frame table covers nearly the complete righthand half of the
screen.

Save

Opens the "Save" menu to save the decoded data in a CSV file (comma-separated list).
Remote command:

BUS:LIST:SAVE on page 361

BUS:LIST? on page 360
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11.2 Parallel Bus

The R&S RTM can display up to four lines of a parallel bus depending on the number of
input channels. Specific trigger settings are not available. To trigger on parallel buses,
use the pattern trigger. See: chapter 3.3.2.5, "Pattern”, on page 47.

11.2.1 Analyzing Parallel Buses
As all protocols, the parallel bus needs configuration to decode and display the signal.

To configure parallel buses

1. Press the PROTOCOL key on the front panel.

2. Press the "Bus Type" softkey and select "Parallel".
3. Press "Configuration”.

4. Select the "Bus Width".

5. Set the threshold for each channel.
See: "To set the logic threshold" on page 144

6. Press "Back" and configure the data display.
See: "To configure decoding and data display" on page 145

11.2.2 Reference for Parallel Bus
You can configure up to four parallel bit lines depending on the number of input channels.

Bus width
Sets the number of lines to be analyzed. The maximum number is the number of input
channels.

Remote command:
BUS:PARallel :WIDTh on page 361

11.3 SPI/SSPI Bus (Option R&S RTM-K1)

11.3.1 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 devi-
ces, in particular, for transmission of data streams.

—
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Main characteristics of SPI are:

e Master-slave communication

e No device addressing; The slave is accessed by a chip select, or slave select line.
e No acknowledgement mechanism to confirm receipt of data

e Duplex capability

Most SPI buses have four lines, two data and two control lines:

e 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 transferred
in either or both directions simultaneously.

As SPI is very simple and efficient for single master - single slave applications, the
R&S RTM provides also an SSPI (simple SPI) configuration that does not have a chip
select line.

Fig. 11-1: Simple configuration of SPI bus

The data bits of a message are grouped by following criteria:

e A word contains a number of successive bits. The word length is defined in the pro-
tocol configuration.

e A frame contains a number of successive words, at least one word.

For SPI buses, the R&S RTM provides the following trigger possibilities:
e On frame start or frame end

e On a specified bit in the message

e On a serial pattern

11.3.2 SPI/SSPI Bus Configuration

@ CoNfIQUrNG SPI BUSES.......utiiiiiiiiiiiieeeie e e e st e e e e e e e e e e e e s s s s eeeeeeeeeees 151
SPI/SSPI Configuration SEtliNgS......cccuuiciiieiiiiiiiiieieeie e e 152

11.3.2.1 Configuring SPI Buses
You define the input channels for the lines and some bit information on the message.

1. Press the PROTOCOL key on the front panel.
2. Press the "Bus Type" softkey and select "SPI" or "SSPI".
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Press "Configuration”.
Press "Source" and select "CIk".
Press "Clock" and select the input channel of the clock. Select the "Slope".

Press "Source" and select "MOSI".

N o o M w

Press "MOSI" and select the input channel. With "Active", select the active state of
the data - high or low.

®

If required, repeat steps 6 and 7 for the optiona MISO line.

9. For SPI, press "Source" and select "CS". Enter the input channel with "Chip Select"
and set the "Active" state.

10. For SSPI, press "Source" and select "Time". Enter the "Idle Time".

11. Set the "First Bit" and the "Symbol Size".

12. Press "Find level", or set the threshold manually for each channel.
See: "To set the logic threshold" on page 144

Now you can disply the decoded signal and the frame table with results.

The display of the decoded data is described in "To configure decoding and data dis-
play" on page 145.

11.3.2.2 SPI/SSPI Configuration Settings

Access: PROTOCOL > "Bus type" = "SPI or SSPI" "Configuration”

Chip Select, Clock, MOSI, MISO........cutiiiiiiiiiiieiee ettt e e e e s e e e e e e sareeeeeeeeeesnes 153
11 SRR 153
][0 o 1= TSR 153
THME OUL. e e e e e e e e e e e e e e e e e e s s e e s e e e b e et eete e e e e e aereereeeeaaeaaaaaaesaes 154
TS = 1 S PTP 154
SYMDOI SIZE.....uiic e e e e e e e e e e 154
T T I PR 154
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Source
Toggles the lines of the SPI bus. Each line has to be configured. Select a line and adjust
the settings:

Chip Select (SPI only): Select the input channel and the "Active" state.

Time Out (SSPI only): Set the "Time Out" (instead if chip select).

Clock: Select the input channel and the "Slope".

MOSI, MISO: Select the input channel and the "Active" state for each data line.

Chip Select, Clock, MOSI, MISO

Select the input channels of the corresponding line. Make sure to select the "Source"
before you assign the channel. MISO is optional and can be set to "None".
Remote command:

BUS:SPTI:CS:SOURce on page 362

BUS:SPI:CLOCk:SOURce on page 362

BUS:SPT:DATA:SOURce oOn page 362

BUS:SPI:MOSI:SOURce on page 362

BUS:SPI:MISO:SOURce on page 363

BUS:SSPT:CLOCk:SOURce on page 369

BUS:SSPI:DATA:SOURce on page 370

BUS:SSPT:MOST:SOURce on page 370

BUS:SSPI:MISO:SOURce on page 370

Active

Selects whether transmitted data or the chip select signal is high active (high = 1) or low
active (low = 1).

For CS, the default is low active.

For data, the default is high active.

Remote command:
BUS:SPI:DATA:POLarity on page 363
BUS:SPI:MOST:POLarity on page 363
BUS:SPI:MISO:POLarity on page 363
BUS:SPI:CS:POLarity on page 362
BUS:SSPI:DATA:POLarity on page 370
BUS:SSPI:MOSTI:POLarity on page 370
BUS:SSPI:MISO:POLarity on page 370

Slope
Selects if data is stored with the rising or falling slope of the clock. The slope marks the
begin of a new bit.

Remote command:
BUS:SPI:CLOCk:POLarity on page 362
BUS:SSPI:CLOCk:POLarity on page 369
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Time Out

Sets the minimum idle time between two data packets. If the time interval between the
data packets is shorter, the packets are part of the same frame. Within the time out, the
data and clock lines are low. A new frame begins when the time out has expired.

Time out is only relevant for SSPI that has no chip select.

Remote command:
BUS:SSPI:BITime on page 370

First Bit

Defines if the data of the messages starts with MSB (most significant bit) or LSB (least
significant bit).

Remote command:

BUS:SPT:BORDer on page 363

BUS:SSPT:BORDer on page 371

Symbol Size

Sets the word length, the number of bits in a message.
Remote command:

BUS:SPT:SSIZe on page 363

BUS:SSPI:SSIZe on page 371

Find Level

The instrument analyzes all channels that are configured for the selected bus and sets

the threshold for digitization of analog signals for each channel. If no level can be found,
the existing value remains unchanged, and you can set the thresholds manually in the

channel menu: CH N > "More" (page 2) > "Threshold".

See: "Threshold" on page 31

Remote command:
CHANnel<m>:THReshold:FINDlevel on page 364

11.3.3 SPI/SSPI Trigger

®  Triggering ON SPIBUSES........ccocciiiiiitieeeee e e e e e e e s eeeeeeeee e 154
SPI/SSPI Trigger SEtNGS...ccuuuuiiiiiiiie e e e e e e e e e e e e e e 155

11.3.3.1 Triggering on SPI Buses

Prerequisites: The SPI or SSPI bus is configured. After configuration, the trigger type
"Protocol (SPI)" or "Protocol (SSPI)" is available. See: chapter 11.3.2.1, "Configuring SPI
Buses", on page 151.

ﬂ Triggers are only available if "Decode" is enabled.

1. Press the SETUP key in the trigger area of the front panel.
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Select the "Trigger Type": "Protocol (SPI)" or "Protocol (SSPI)"
Press "Setup".

Press the softkey of the required trigger condition:

"Frame Start": begin of the message
"Frame End": message end

"Bit<x>": a specified bit inside the message
"Ser. Pattern": a bit pattern in the message

If "Bit<x>" is selected, enter the bit number.

If "Ser. Pattern" is selected, press the softkey again and define the pattern:

a) Set the "Bit Offset", the number of bits before the pattern starts.
b) Set the "Number of Bits" contained in the pattern.
c) Enter the pattern, either as binary input, or as hexadecimal input:

e For binary input, press "Select Bit" and enter the bit number to be set. The
bits are counted from the message start, the selected bit is highlighted in the
pattern bit line. Then enter the "State" of this bit: 0, 1, or X (don't care).
Repeat these settings until all bit states are defined.

e For hexadecimal input, press "Select Nibble" and select the four bits (half
byte) to be set. The selected nibble is highlighted in the lower pattern line.
Then press "Value" and turn the navigation knob to change the bits.

Repeat these settings until all nibbles are defined.

11.3.3.2 SPI/SSPI Trigger Settings

The complete SPI/SSPI trigger is configured in the "Source" and "Setup" menus.
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ﬂ Triggers are only available if "Decode" is enabled.

®  SPI/SSPI Trigger SOUICE...uuuuiiiiii e ittt ccee e e e e et rre e e e e e e e e e et e s e e e e e e e eneennanas 156
ST S 3ST d I 4o o =T g 1= (1] o J P 156

SPI/SSPI Trigger Source
Access: TRIGGER SETUP > "Trigger Type" = "Protocol (SPI or SSPI)" > "Source"

—

MOSI, MISO
Select one of the lines as trigger source.

Remote command:
TRIGger:A:SOURce:SPI on page 364

SPI/SSPI Trigger Setup
Access: TRIGGER SETUP > "Trigger Type" = "Protocol (SPI or SSPI)" > "Setup"
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L N UMDET OF BItS ..ottt eee ettt et eee et et ee e e e et et eeeeeeeeeeeeeeeeeseeseeeeeeeeseeeaeene 157
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=11 TR 157
O ST (=Y dl 110 o) =TSSR 157
L (RTINSO 158
Frame Start

Sets the trigger to the start of the message. For SPI, the frame starts when the chip select
signal CS changes to the active state. For SSPI, the frame starts when the idle time has
expired.

Remote command:
TRIGger:A:SPT:MODE on page 364 (BSTart)
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Frame End

Sets the trigger to the end of the message. For SPI, the frame ends when the chip select
signal CS changes to the inactive state. For SSPI, the frame ends when the idle time has
expired after the last clock and no new clock appeared during that time.

Remote command:
TRIGger:A:SPI:MODE on page 364 (BEND)

Bit<x>
Sets the trigger to the specified bit number.

Remote command:
TRIGger:A:SPT:MODE on page 364 (NTHBit)

Ser. Pattern
Sets the trigger to a specified bit pattern that is configured in the submenu.

Remote command:
TRIGger:A:SPI:MODE on page 364 (PATTern)
TRIGger:A:SPI:PATTern on page 365

Bit Offset — Ser. Pattern
Sets the number of bits before the first bit of the pattern. These bits are ignored. The first
bit after CS 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:A:SPI:POFFset on page 365

Number of Bits — Ser. Pattern
Defines the length of the serial pattern in bit.

Remote command:
TRIGger:A:SPI:PLENgth on page 365

Select Bit — Ser. Pattern

Selects the bit number for binary pattern setting. For the selected bit, "State" is to be set.
The bits are counted from the message start, the selected bit is highlighted in the pattern
bit line.

State — Ser. Pattern
Toggles the logic state of the selected bit: 0 (low), 1 (high), or X (don't care).

Select Nibble — Ser. Pattern
Selects four bits (half byte) for hexadecimal entry with "Value". The selected nibble is
highlighted in the lower pattern line.
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Value < Ser. Pattern
Sets the hexadecimal value for the selected nibble.

11.3.4 SPI/SSPI Decode Results

You can enable the decoding in the "Protocol" main menu. "Decode" shows the decoded
values below the waveforms in the format selected with "Display”. Additionally, you can
display the binary signal with "Bits".

See also: chapter 11.1.2, "Reference for Protocol Decoding"”, on page 145

cmllm

Fig. 11-2: Decoded SPI signal

C1 = Clock (Clk)
Cc2 = Data
C3 = Chip Select (Cs)

blue results = completely decoded words

grey brackets = start and end of complete frame

red results = Incomplete word that is not completely contained in the acquisition. Change the horizontal
scale, or move the"Time Reference" to get a longer acquisition.

Additionally, you can display and save a "Frame Table" containing decoded data: frame
number, start time of the frame, source (line), data and state of the frame.
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See also: chapter 11.1.4, "Frame Table: Decode Resulis", on page 148

Fig. 11-3: Decoded SSPI signal with frame table
Table 11-1: Content of the SPI/SSPI frame table

Column Description
Start time Time of the frame start in relation to the trigger point
Source MISO or MOSI line
Length Number of words in the frame
Data Hexadecimal values of the data words
State Overall state of the frame
Example:

In the figure above, the first two frames have four words each, the following two frames
contain 6 words each. The fifth frame is incomplete.

SCPI commands:

® BUS:SPI:FCOunt? on page 366

® BUS:SPI:FRAME<n>:STATus? on page 366
® BUS:SPI:FRAME<n>:STARt? on page 366
® BUS:SPI:FRAME<n>:STOP? on page 366

® BUS:SPI:FRAME<n>:DATA:MISO? on page 367
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® BUS:SPI:FRAME<n>:DATA:MOSI? on page 367

® BUS:SPI:FRAME<n>:WCOunt? on page 367

® BUS:SPI:FRAME<n>:WORD<o>:STAREL? on page 368
® BUS:SPI:FRAME<n>:WORD<o>:STOP? on page 368
® BUS:SPI:FRAME<n>:WORD<o>:MOSI? on page 368

® BUS:SPI:FRAME<n>:WORD<o>:MISO? on page 369

11.4 1>C (Option R&S RTM-K1)

The Inter-Integrated Circuit is a simple, lowbandwidth, low-speed protocol used for com-
munication between on-board devices, for example, in LCD and LED drivers, RAM,
EEPROM, and others.

11.4.1 The I2C Protocol

This chapter provides an overview of protocol characteristics, data format, address types
and trigger possibilities. For detailed information, read the "12C-bus specification and user
manual" available on the NXP manuals web page at http://www.nxp.com/.

I2C characteristics

Main characteristics of I12C are:
e Two-wire design: serial clock (SCL) and serial data (SDA) lines

e Master-slave communication: the master generates the clock and addresses the
slaves. Slaves receive the address and the clock. Both master and slaves can trans-
mit and receive data.

e Addressing scheme: each slave device is addressable by a unique address. Multiple
slave devices can be linked together and can be addressed by the same master.

e Read/write bit: specifies if the master will read (=1) or write (=0) the data.
e Acknowledge: takes place after every byte. The receiver of the address or data sends
the acknowledge bit to the transmitter.

The R&S RTM 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 following
parts:

e Start condition: a falling slope on SDA while SCL is high

e 7-bit address of the slave device that either will be written to or read from

e R/W bit: specifies if the data will be written to or read from the slave

e ACKnowledge bits: is issued by the receiver of the previous byte if the transfer was
successful
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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
e Stop condition: a rising slope on SDA while SCL is high

LI N = LI
- u .. H I [ I. I L]
" - [ | u u " u I [ |
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Fig. 11-4: 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 acknowledges each address
byte.

i = = . .

H'E'H N B EOm
Fig. 11-5: 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.

Fig. 11-6: 10-bit address, read access

Trigger

The R&S RTM can trigger on various parts of I?°C 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:

e Start or stop condition

—
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e Repeated start condition

e Transfer direction (read or write)

e Bytes with missing acknowledge bit
e Specific slave address

e Specific data pattern in the message

11.4.2 I*C Configuration

11.4.21 Configuring I’C
The configuration of the I?C is simple - only assign the two lines to input channels.
1. Press the PROTOCOL key on the front panel.
Press the "Bus Type" softkey and select "12C".
Press "Configuration”.

2

3

4. Press "Clock SCL" and select the channel connected to the clock line.
5. Press "Data SDA" and select the channel connected to the data line.
6

Press "Find level", or set the threshold manually for each channel.
See: "To set the logic threshold" on page 144

Now you can disply the decoded signal and the frame table with results.

The display of the decoded data is described in "To configure decoding and data dis-
play" on page 145.

11.4.2.2 I*C Configuration Settings

(01 To] 1S O TR 162
Data S A ... 162
[T Lo [ I 163
Clock SCL

Sets the input channel to which the clock line is connected.

Remote command:
BUS:I2C:CLOCk:SOURce on page 371

Data SDA
Sets the input channel to which the data line is connected.

Remote command:
BUS:I2C:DATA:SOURce on page 372
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Find Level

The instrument analyzes all channels that are configured for the selected bus and sets

the threshold for digitization of analog signals for each channel. If no level can be found,
the existing value remains unchanged, and you can set the thresholds manually in the

channel menu: CH N > "More" (page 2) > "Threshold".

See: "Threshold" on page 31

Remote command:
CHANnel<m>:THReshold:FINDlevel on page 364

11.4.3 1*C Trigger

L I 4 o o =Y o oo T o TN R 163
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11.4.3.1 Triggering on I’C

Prerequisites: The I12C interface is configured. After configuration, the trigger type "Pro-
tocol (12C)" is available. See: chapter 11.4.2.1, "Configuring I?°C ", on page 162.

ﬂ Triggers are only available if "Decode" is enabled.

1. Press the SETUP key in the trigger area of the front panel.
Select the "Trigger Type": "Protocol (12C)".

Press "Setup".

w0 DN

Press the softkey of the required trigger condition:

"Start": begin of the message

"Stop": end of the message

"Restart": repeated start condition

"Acknowledge": transfer of a data byte is not acknowledged

"Read/Write": complex trigger condition containing read or write access of the
master, slave address, or/and a bit pattern in the message

5. If "Read/Write" is selected, press the softkey again and define the condition:

a) Press "Master" and select read or write access of the master.

b) Configure the "Address" of the slave:
e Select the "Address Length", 7 bit or 10 bit.
e Press "Slave Address" and turn the navigation knob to set the address.
If the address is not relevant for your trigger condition, set it to "0xX" (any
address).

c) Press "Data Setup" to specify data bytes of the message, and/or to a serial pat-
tern.

—
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d) Set the "Byte Offset", the number of bytes to be ignored before the first byte of
interes.t

e) Set the "Number of Bytes" contained in the pattern.

f) Enter the pattern, either as binary input, or as hexadecimal input:

e For binary input, press "Bit" and enter the bit number to be set. The bits are
counted inside the selected bytes, the selected bit is highlighted in the pattern
bit line. Then enter the "State" of this bit: 0, 1, or X (don't care).

Repeat these settings until all bit states are defined.

e For hexadecimal input, press "Byte" and select the byte to be set. The
selected byte is highlighted in the lower pattern line. Then press "Value" and
turn the navigation knob to change the bits.

Repeat these settings until all bytes are defined.

If the data is not relevant for your trigger condition, set all data bytes to "0OxXX".

LU T T
-.Ll'i'j-::-i

11.4.3.2 I?’C Trigger Settings

_| _|
1] = 165
] (o o J R 165
(ST = | 165
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L AQArESS LENGN......eieieieieee ettt sttt s 166
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L BYte OffSOL.....curuieeeeereceeeeteteeeteteseseseteteeetesesesesesssssessssessesseseesaessesasanasans 166
L NUMDET Of BYES ... vttt et 166
L Bl ettt ettt ettt ettt nen ettt eaeenas 167
1 (=TT 167
L Bttt ettt ettt ee e e e en ettt et tenenns 167
LV BIUC ettt 167

Start
Sets the trigger to the start of the message. The start condition is a falling slope on SDA
while SCL is high.

Remote command:
TRIGger:A:12C:PATTern on page 374 (STARt)

Stop
Sets the trigger to the end of the message. The stop condition is a rising slope on SDA
while SCL is high.

Remote command:
TRIGger:A:12C:PATTern on page 374 (STOP)

Restart

Sets the trigger to a repeated start - when the start condition occurs without previous stop
condition. This can happen when a master sends multiple messages without releasing
the bus.

Remote command:
TRIGger:A:I12C:PATTern on page 374 (RESTart)

~Acknowledge

Missing acknowledge: the instrument triggers if the slave does not send the acknowledge
bit. Acknowledging takes place after every byte. If the transfer failed, at the moment of
the acknowledge bit the SDA line is on high level during the high period of the clock pulse.

Remote command:
TRIGger:A:12C:PATTern on page 374 (MACKnowledge)

Read/Write

Sets the trigger to a read or write access of the master, to an address, or/and to a bit
pattern in the message. The trigger condition is specified in the submenus. All submenu
settings together create the trigger condition. If you want to trigger on a specific param-
eter, make sure to set all other settings to "any".

If a label list with node names was loaded and applied in the bus configuration, you can
select simply the "Symbolic ID" from the list instead of entering the numeric identifier.

Remote command:
TRIGger:A:I2C:PATTern on page 374 (PATTern)

—
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Master — Read/Write

Toggles the trigger condition between Read and Write access of the master. The R/W
bit is 8th bit of the first address byte of a frame. The selected condition is displayed in the
I2C Settings: "Trigger On".

Remote command:

TRIGger:A:12C:ACCess on page 373

Symbolic ID < Read/Write
If a label list with node names was loaded and applied in the bus configuration, you can
select simply the node name from the list instead of entering the numeric identifier.

The instrument trriggers on the identifier of the selected node.

Address Length — Read/Write
Toggles the lenght of the slave address: 7 bit or 10 bit.

Remote command:
TRIGger:A:12C:AMODe on page 373

Slave Address — Read/Write

Sets the address of the slave device in hex. You can set a precise address, or trigger on
any address with "0xXX" (7Bit address) or "0xXXX" (10Bit address). X cannot be assigned
to a specified bit

Remote command:
TRIGger:A:12C:ADDRess on page 373

Data Setup — Read/Write
Opens a submenu to set the trigger on specified data bytes of the message, and/or to a
serial pattern.

Remote command:
TRIGger:A:I12C:PATTern on page 374

Byte Offset — Data Setup <— Read/Write
Sets the number of bytes before the first byte of interest, relating to the end of the address
bytes. These offset bytes are ignored.

Remote command:
TRIGger:A:12C:POFFset on page 375

Number of Bytes < Data Setup < Read/Write
Sets the number of bytes you want to trigger on. Maximum 3 bytes are possible.

Remote command:
TRIGger:A:12C:PLENgth on page 374
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Bit — Data Setup < Read/Write
Selects the bit number inside the selected bytes for binary pattern input. For the selected
bit, "State" is to be set. the selected bit is highlighted in the "Data" bit line.

State — Data Setup — Read/Write
Toggles the logic state of the selected bit: 0 (low), 1 (high), or X (don't care).

Byte — Data Setup — Read/Write
Selects a byte for hex input with "Value". The selected byte is highlighted in the "Data"
hex line.

Value < Data Setup «— Read/Write
Sets the hexadecimal value for the selected byte.

If the data is not relevant for your trigger condition, set all data bytes to "0xXX".

11.4.4 I2C Label List

Label lists are protocol-specific. An I12C PTT file contains three values for each address:
e "Type": address type, 7-bit or 10-bit long

e "ID/Addr": hexadecimal address value

e "Symbolic label": name of the address, specifiing its function in the bus network.

Example: I12C PTT file

o
@FILE VERSION = 1.00
@PROTOCOL NAME = i2c
e

# Labels for I2C protocol

# Column order: Identifier type, Identifier value, Label

7,0x1E,Voltage

7,0x38, Pressure

7,0x2A, Temperature

7,0x16, Speed
7,0x76,Acceleration
7,0x07,HighSpeed Master 0x3
7,0x51, EEPROM
10,0x3A2,DeviceSetup

10, 0x1A3,GatewayStatus

10, 0x06E, LeftSensor

—
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Fig. 11-7: Label list for I’C

For general information, see chapter 11.1.3, "Label List", on page 146.

11.4.5 12C Decode Results

You can enable the decoding in the "Protocol" main menu. "Decode" shows the decoded
values below the waveforms in the format selected with "Display”. Additionally, you can
display the binary signal with "Bits".

See also: chapter 11.1.2, "Reference for Protocol Decoding”, on page 145

Additionally, you can display and save a "Frame Table" containing decoded data: frame
number, start time of the frame, access type. ID, data and state of the frame.

See also: chapter 11.1.4, "Frame Table: Decode Results", on page 148

—
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o

I+_

Fig. 11-8: Decoded and binary 12C signal, and frame table with decode results

gray brackets = start and end of the frame

violet = address

blue = correct data words

green = acknowledge bit, ok

red = missing acknowledge bit, or other error

Table 11-2: Content of the I2C frame table

Column Description

Start time Time of the frame start in relation to the trigger point

Type Value of the R/W bit, read or write access

ID Hexadecimal value of the address

Label Symbolic label, available if a label list was loaded and applied
Length Number of words in the frame

Data Hexadecimal values of the data words

State Overall state of the frame
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SCPI commands:

® RUS:
® RBUS:
® RBUS:
® BUS:
® BUS:
® BUS:
® BUS:
® BUS:
® BUS:
® BUS:
® BUS:
® BUS:
® BUS:
® BUS:
® BUS:
® BUS:
® BUS:
® BUS:
® BUS:

I2C:
I2C:
I2C:
I2C:
I2C:
I2C:
I2C:
I2C:
I2C:
I2C:
I2C:
I2C:
I2C:
I2C:
I2C:
I2C:
I2C:
I2C:
I2C:

UART/RS-232 Interface (Option R&S RTM-K2)

FCOunt? on page 375

FRAMe<n>:
FRAMe<n>:
FRAMe<n>:
FRAMe<n>:
FRAMe<n>:
FRAMe<n>:
FRAMe<n>:
FRAMe<n>:
FRAMe<n>:
FRAMe<n>:
FRAMe<n>:
FRAMe<n>:
FRAMe<n>:
FRAMe<n>:
FRAMe<n>:
FRAMe<n>:
FRAMe<n>:

FRAMe<n>:

DATA? on page 375

STATus? on page 376

STARt? on page 376

STOP? on page 376

AACCess? on page 378

ACCess? on page 377
ACOMplete? on page 377
ADBStart? on page 379
ADDRess? on page 377

ADEVice? on page 378

AMODe? on page 377

ASTart? on page 378

BCOunt? on page 379
BYTE<o>:ACCess? on page 380
BYTE<o>:ACKStart? on page 380
BYTE<o>:COMPlete? on page 381
BYTE<o>:STARt? on page 380

BYTE<o>:VALue? on page 379

11.5 UART/RS-232 Interface (Option R&S RTM-K2)

11.5.1 The UART / RS232 Interface

The Universal Asynchronous Receiver/Transmitter UART converts a word of data into
serial data, and vice versa. It is the base of many serial protocols like of RS-232. The
UART uses only one line, or two lines for transmitter and receiver.

Data transfer

The data is transmitted in symbols, also referred to as words or characters. Each symbol
consists of a start bit, several data bits, an optional parity bit, and one or more stop bits.
Several symbols can form a frame, or package. The end of a frame is marked by a pause
between two symbols.

Start

Data0

Data1 | Data2

Data3 | Data4 |[Data5]|[Data6]|[Data7]|[Data8]|[Parity]| Stop

Fig. 11-9: Bit order in a UART word (symbol)

—
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e The start bit is a logic 0.
e 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 RTM can trigger on specified parts of UART serial signals:
e Start bit

e Frame start

e A specified symbol

e Parity errors, and breaks

e Frame errors

e A serial pattern at any or a specified position

11.5.2 UART/RS-232 Configuration

11.5.2.1 Configuring UART/RS-232 Interfaces

To configure the UART interface, you assign the channels to the RX an (optionally) TX
lines, set the active state for each line and set some protocol-specific parameters.

—_

Press the PROTOCOL key on the front panel.

Press the "Bus Type" softkey and select "UART".

Press "Configuration”.

Press "RX" and select the channel connected to the receiver line.
Press "TX" and select the channel connected to the transmitter line.
Set the "Active" state, "Parity" bit and the number of "Stop Bits".
Press "More".

Enter the "Symbol size".

© ©® N o o ~ w0 N

Enter the bit rate:

e For a standard bit rate, select the "Defined Bit Rate".
e For a user-defined bit rate, press "User Bit Rate" and enter the value

10. Set the "Idle Time" between two frames.

—
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11. Press "Find level", or set the threshold manually for each channel.
See: "To set the logic threshold" on page 144

Now you can disply the decoded signal and the frame table with results.

The display of the decoded data is described in "To configure decoding and data dis-
play" on page 145.

11.5.2.2 UART Configuration Settings

Access: PROTOCOL > "Bus type" = "UART" "Configuration”

o LT 1T S 173
[T Lo I IV 174
RX, TX

Select the input channels of the RX and TX lines.
Remote command:

BUS:UART:DATA : SOURce on page 381
BUS:UART :RX: SOURce on page 381
BUS:UART:TX: SOURce on page 382

—
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Active

Defines the logic levels of the bus. The idle state corresponds to a logic 1, and the start
bit to a logic 0. Active-high (high=1) is used, for example, for control signals, while active-
low (low=1) is defined for data lines (RS-232).

Remote command:
BUS:UART:DATA:POLarity on page 382
BUS:UART:POLarity on page 382

Parity

Defines the optional parity bit that is used for error detection.

"None" No parity bit is used.

"Even" The parity bit is set to "1" if the number of "1"s in a given set of bits is

odd (not including the parity bit).

"Odd" The parity bit is set to "1" if the number of "1"s in a given set of bits is
even (not including the parity bit).

Remote command:
BUS:UART:PARity on page 382

Stop Bits
Sets the number of stop bits: 1; 1.5 or 2 stop bits are possible.

Remote command:
BUS:UART:SBIT on page 383

Symbol Size
Sets the number of data bits in a word (symbol) in a range from 5 to 9 bits.

Remote command:
BUS:UART:SSIZe on page 382

Bit Rate

Sets the number of transmitted bits per second.

"Defined Bit Select a standard bit rate value from the list.
Rate"

"User Bit Rate" Enter a user defined value.

Remote command:
BUS:UART:BAUDrate on page 383

Idle Time
Sets the minimal time between two frames — between the stop bit of the last word in a
frame and the start bit of the first word in the next frame.

Remote command:
BUS:UART:BITime on page 383

—
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Find Level

The instrument analyzes all channels that are configured for the selected bus and sets

the threshold for digitization of analog signals for each channel. If no level can be found,
the existing value remains unchanged, and you can set the thresholds manually in the

channel menu: CH N > "More" (page 2) > "Threshold".

See: "Threshold" on page 31

Remote command:
CHANnel<m>:THReshold:FINDlevel on page 364

11.5.3 UART/RS-232 Trigger

e Triggering on UART/RS-232 INterfaces.........oceiiieeiccciiieniinireeieereeeeeeeeeeeeeeeee e 174
®  UART Trigger SetiNGS. ... ccceie ittt e e e e e e e e e e e e e e 175

11.5.3.1 Triggering on UART/RS-232 Interfaces

Prerequisites: The UART interface is configured. After configuration, the trigger type
"Protocol (UART)" is available. See: chapter 11.5.2.1, "Configuring UART/RS-232 Inter-
faces", on page 171.

ﬂ Triggers are only available if "Decode" is enabled.

1. Press the SETUP key in the trigger area of the front panel.
Select the "Trigger Type": "Protocol (UART)".

Press "Source" and select RX or TX as trigger source.
Press "Back".

Press "Setup".

o g &~ w b

Press the softkey of the required trigger condition:

"Start Bit", or "Frame Start": next start bit, or first start bit after idle time
"Symbol<n>": frame number in a data stream

"Any Symbol": pattern of the data bits anywhere in the data stream

"Pattern": serial pattern of one, two or three symbols at a defined position in the
data stream

"Parity Error"

"Frame Errror"

"Break"

7. If"Any Symbol" is selected, press the softkey again and define the symbol pattern,
either as binary input, or as hexadecimal input:

e For hex entry, select "Value" and turn the navigation knob to change the bits.

—
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e Forbinary input, press "Select Bit" and enter the data bit number to be set. Enter
the "State" of this bit: 0, 1, or X (don't care).
Repeat these settings until all bit states are defined.

8. If "Pattern” is selected, press the softkey again and define the pattern:

a) Set the "Symbol Offset", the number of symbols to be ignored before the pattern
starts.

b) Set the "Number of Symbols" contained in the pattern.

c) Enter the pattern, either as binary input, or as hexadecimal input:

e Forhexadecimal input, press "Select Symbol" repeatedly to select the symbol
to be set. The selected symbol is highlighted in the hex pattern line. Then
press "Value" and turn the navigation knob to change the bits.

Repeat these settings until all symbols are defined.

e For binary input, press "Select Symbol" until the required symbol is marked
in the pattern hex line. Then press "Select Bit" and enter the data bit number
to be set. Enter the "State" of this bit: 0, 1, or X (don't care).

Repeat these settings until all bit states of all symbols are defined.

- N T [T
_L
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11.5.3.2 UART Trigger Settings

The complete UART trigger is configured in the "Source" and "Setup" menus.

ﬂ Triggers are only available if "Decode" is enabled.

L I U o I Iy o T[T T TU ] o= S 176
®  UART TrigQer SEIUP....ciii ittt ettt 176

—
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UART Trigger Source
Access: TRIGGER SETUP > "Trigger Type" = "Protocol (UART)" > "Source"

RX, TX
Select one of the lines as trigger source.

Remote command:
TRIGger:A:SOURce: UART on page 384

UART Trigger Setup
Access: TRIGGER SETUP > "Trigger Type" = "Protocol (UART)" > "Setup"

] c= T 0 =T SOOI 176
[ = 1 g (SIS = | o PRt 177
SYMDOI SN> .. et s e e e e e e e e e e e e e e et aaaas 177
ANY SYMDOL. ..ttt e e e e e e e e e e e e e e e e e e et eaaaaaaeaeeeeeens 177
= (Y o o 1 177
L SYMDON OFFSEL.....eeeeeeeeee ettt ettt ee et s e e 177
L NUMDET OF SYMD ...ttt ettt e e e s e e e s s 177
L S@IECE Bil......cuceceeeeeeeeteteteteteeeeeeeeee e ee e e s e sseseaste s st ettt s s s s s s s s s e s asansesens 177
1 - (<Y OO 177
L SEIECE SYMDOL. ..ttt ee e e ee e ee e eeeeeae 178
L VAIUE. ...ttt ettt ettt ettt enenennnananaeas 178
[ V1§V = (o O PPPPPPP 178
=T (TN = 5 o N 178
=T | PP 178
Start Bit

Triggers on a start bit. The start bit is the first logical 0 after a stop bit.

Remote command:
TRIGger:A:UART:MODE on page 384 (SBIT)
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Frame Start
Triggers on the begin of a frame. The frame start is the first start bit after the idle time.

Remote command:
TRIGger:A:UART:MODE on page 384 (BSTart)

Symbol <n>
Sets the trigger to the specified symbol - the n-th word - in a frame (package).

Remote command:
TRIGger:A:UART:MODE on page 384 (NTHSymbol)

Any Symbol
Opens a submenu to trigger if a pattern occurs in a symbol at any position in a frame.

You can enter the pattern in binary or hex, the functions are the same as for "Pattern
setting:

e '"Select Bit" on page 177

e "State" on page 177

e "Value" on page 178

Remote command:
TRIGger:A:UART:MODE on page 384 (SYMBol)

Pattern
Opens a submenu to set the trigger on a serial pattern at a defined position in the frame.
The pattern can include several subsequent symbols.

Remote command:
TRIGger:A:UART:MODE on page 384 (PATTern)
TRIGger:A:UART:PATTern on page 385

Symbol Offset — Pattern
Sets the number of symbols to be ignored before the serial pattern.

Remote command:
TRIGger:A:UART:POFFset on page 385

Number of Symb. < Pattern
Defines the length of the pattern - how many symbols build it up.

Remote command:
TRIGger:A:UART:PLENgth on page 385

Select Bit — Pattern
Selects the bit number inside the selected symbol for binary pattern input.

State «— Pattern
Toggles the logic state of the selected bit: 0 (low), 1 (high), or X (don't care).
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Select Symbol < Pattern
Selects the symbol for binary or hex input.

Value — Pattern
Sets the hexadecimal value for the selected symbol by turning the navigation knob.

Parity Error
Triggers on a parity error indicating a transmission error.

Remote command:
TRIGger:A:UART:MODE on page 384 (PERRor)

Frame Error
Triggers on a frame error.

Remote command:
TRIGger:A:UART:MODE on page 384 (FERRor)

Break
Triggers if a start bit is not followed by a stop bit, the data line remains at logic O for longer
than a UART word.

Remote command:
TRIGger:A:UART:MODE on page 384 (BREak)

11.5.4 UART/RS-232 Decode Results

You can enable the decoding results in the "Protocol" main menu. "Decode" shows the
decoded values below the waveforms in the format selected with "Display". Additionally,
you can display the binary signal with "Bits".

See also: chapter 11.1.2, "Reference for Protocol Decoding"”, on page 145

Additionally, you can display and save a "Frame Table" containing decoded data: frame
number, start time of the frame, data and state of the frame.

See also: chapter 11.1.4, "Frame Table: Decode Results", on page 148

—
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Fig. 11-10: Decoded UART signal

C1 = Data source

blue results completely decoded words

grey brackets = start and end of complete frames

green results = correct parity bits

red results = Errors or incomplete word that is not completely contained in the acquisition. Change the hor-
izontal scale, or move the"Time Reference" to get a longer acquisition.

Example:
The figure above shows five frames of a UART signal with one source line.

Table 11-3: Content of the UART frame table

Column Description

Start time Time of the frame start in relation to the trigger point
Data Hexadecimal values of the data words

State Overall state of the frame

SCPI commands:
® BUS:UART:RX:FCOunt? on page 385

|
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® BUS:UART:TX:FCOunt? on page 385

® BUS:UART:RX:FRAMe<n>:WCOunt? on page 386

® BUS:UART:TX:FRAMe<n>:WCOunt? on page 386

® BUS:UART:RX:FRAMe<n>:WORD<o>:STATe? on page 386
® BUS:UART:TX:FRAMe<n>:WORD<o>:STATe? on page 386
® BUS:UART:RX:FRAMe<n>:WORD<o>:STARt? on page 386
® BUS:UART:TX:FRAMe<n>:WORD<o>:STARt? on page 386
® BUS:UART:RX:FRAMe<n>:WORD<o>:STOP? on page 387
® BUS:UART:TX:FRAMe<n>:WORD<o>:STOP? on page 387
® BUS:UART:RX:FRAMe<n>:WORD<o>:VALue? on page 387

® RUS:UART:TX:FRAMe<n>:WORD<o>:VALue? on page 387

11.6 CAN (Option R&S RTM-K3)

11.6.1 CAN Configuration

Access: PROTOCOL > "Bus type" = "CAN" > "Configuration”

Data
Sets the source of the data line. All channel waveforms can be used.

Remote command:
BUS:CAN:DATA: SOURce on page 388

Type
Selects the CAN-High or CAN-Low line. CAN uses both lines for differential signal trans-
mission.

If you measure with a differential probe, connect the probe to both CAN-H and CAN-L
lines, and select the data "Type" "CAN-H".

—
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If you use a single-ended probe, connect the probe to either CAN_L or CAN_H, and select
the data type accordingly.

Remote command:
BUS:CAN:TYPE on page 388

Sample point

Sets the position of the sample point within the bit in percent of the nominal bit time. The
sample point divides the nominal bit period into two distinct time segments, which are
used for resynchronization of the clock.

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.

Remote command:
BUS:CAN:SAMPlepoint on page 388

Bit rate

Sets the number of transmitted bits per second. The maximum bit rate for High Speed
CAN is 1 Mbit/s. The bit rate is uniform and fixed for a given CAN bus.

To select a bit rate from the list of predefined values, set "Bit rate" to "Defined Bit Rate",
and then select the value with "Predefined".

To set another value, set "Bit rate" to "User Bit Rate", and then enter the value with
"User".

Remote command:

BUS:CAN:BITRate on page 388

Find Level

The instrument analyzes all channels that are configured for the selected bus and sets

the threshold for digitization of analog signals for each channel. If no level can be found,
the existing value remains unchanged, and you can set the thresholds manually in the

channel menu: CH N > "More" (page 2) > "Threshold".

See: "Threshold" on page 31

Remote command:
CHANnel<m>:THReshold:FINDlevel on page 364

11.6.2 CAN Trigger Settings

Access: SETUP (Trigger) > "Trigger type" = "Protocol (CAN)" > "Setup"

—
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Start of frame
Triggers on the first edge of the dominant SOF bit (synchronization bit).

Remote command:
TRIGger:A:CAN:TYPE on page 389 (STOFrame)

End of frame
Triggers on the end of the frame (7 recessive bits).

Remote command:
TRIGger:A:CAN:TYPE on page 389 (EOFrame)

Frame <type>
Selects the frame type to be triggered on. The selected frame type is indicated in the
softkey name.

Remote command:
TRIGger:A:CAN:TYPE on page 389 (FTYPe)
TRIGger:A:CAN:FTYPe on page 389

—
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Error — Frame <type>
An error frame is sent by a node that has detected an error.

Overload «— Frame <type>
An overload frame is sent by a node that needs a delay between data and/or remote
frames.

Data < Frame <type>
Frame for data transmission.

The identifier format is also considered, see "ID type" on page 185.

Remote — Frame <type>
Data: Frame for data transmission.

A 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.

The identifier format is also considered, see "ID type" on page 185.

Data or remote — Frame <type>
Triggers on remote frames and on data frames.

The identifier format is also considered, see "ID type" on page 185.

Error <type>
Identifies various errors in the frame. You can select one or more error types as trigger
condition.

The first key press enables the "Error" trigger type, the second opens the "Error" menu.

Remote command:
TRIGger:A:CAN:TYPE on page 389 (ERRCondition)

Stuff bit — Error <type>

The frame segments Start Of Frame, Arbitration Field, Control Field, Data Field and CRC
Sequence are coded by the bit stuffing method. The transmitter automatically inserts a
complementary bit into the bit stream when it detects five consecutive 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.

Remote command:
TRIGger:A:CAN:BITSterror on page 391

Form < Error <type>
A form error occurs when a fixed-form bit field contains one or more illegal bits.

Remote command:
TRIGger:A:CAN:FORMerror on page 392

Acknowledge < Error <type>
An acknowledgement error occurs when the transmitter does not receive an acknowl-
edgment - a dominant bit during the Ack Slot.

Remote command:
TRIGger:A:CAN:ACKerror on page 391

—
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CRC « Error <type>

CAN uses the Cyclic Redundancy Check, which is a complex checksum calculation
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 calcu-
lated result differs from the received value in the CRC sequence.

Remote command:
TRIGger:A:CAN:CRCerror on page 391

Identifier
Sets the trigger to a specific message identifier or an identifier range.

The first key press enables the "ldentifier" trigger type, the second one opens the "lden-
tifier" menu.

If a label list with node names was loaded and applied in the bus configuration, you can
select simply the "Symbolic ID" from the list instead of entering the numeric identifier.

Remote command:
TRIGger:A:CAN:TYPE on page 389 (ID | IDDT)

Frame type < Identifier
Data frames and remote frames contain an identifier. Select the frame type to be triggered
on, or select "Data and remote" if the frame type is not relevant.

Remote command:
TRIGger:A:CAN:FTYPe on page 389

Symbolic ID « Identifier
If a label list with node names was loaded and applied in the bus configuration, you can
select simply the node name from the list instead of entering the numeric identifier.

The instrument trriggers on the identifier of the selected node.

Identifier Setup < Identifier

Opens the menu to set the identifier pattern. After setting the "ID type" and the "Com-
pare" condition, you can enter the value bit-by-bit by setting the state high, low, or don't
care for each single bit. Alternatively, you can enter a hexadecimal value for each byte.

Remote command:
TRIGger:A:CAN: IDENtifier on page 390
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ID type « Identifier Setup < Identifier
Selects the length of the identifier: 11 bit for CAN base frames, or 29 bits for CAN exten-
ded frames.

Remote command:
TRIGger:A:CAN: ITYPe on page 390

Compare < ldentifier Setup < Identifier

Sets the comparison condition: If the pattern contains at least one X (don't care), you can
trigger on values equal or not equal to the specified value. If the pattern contains only 0
and 1, you can also trigger on a range greater than or lower than the specified value.

Remote command:
TRIGger:A:CAN: ICONdition on page 390

Bit — Identifier Setup — Identifier
Selects the number of the bit in the pattern for bit-by-bit input. For each selected bit, enter
the "State".

State — Identifier Setup < Identifier
Toggles the logic state of the selected bit: 0O (low), 1 (high), or X (don't care).

Byte < Identifier Setup < Identifier
Selects the byte for input of the pattern. For each selected byte, enter the hexadecimal
value, or set the "State" for each selected "Bit".

Value < Identifier Setup — Identifier
Sets the hexadecimal value for the selected byte by turning the navigation knob.

Identifier and 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.

The identifier conditions are the same as for the "ldentifier" trigger type, see "ldentifier"
on page 184.

The first key press enables the trigger type, the second one opens the "ldentifier and
data" menu.

Remote command:
TRIGger:A:CAN:TYPE on page 389 (IDDT)

Data Setup < ldentifier and data

Opens a menu to set the data pattern to be triggered on. After setting the "Data length"
and the "Compare" condition, you can enter the value bit-by-bit by setting the state high,
low, or don't care for each single bit. Alternatively, you can enter a hexadecimal value for
each byte.

—
User Manual 1305.0595.02 — 08 185



R&S®RTM Protocol Analysis

CAN (Option R&S RTM-K3)

Most settings are the same as for identifier input. See:
e "Compare" on page 185

"Bit" on page 185

"State" on page 185

"Byte" on page 185

"Value" on page 185

Remote command:
TRIGger:A:CAN:DCONdition on page 391
TRIGger:A:CAN:DATA on page 391

Data Length < Data Setup < Identifier and data
Defines the length of the data pattern - the number of bytes in the pattern.

Remote command:
TRIGger:A:CAN:DLC on page 390

11.6.3 CAN Label List

Label lists are protocol-specific. A PTT file for CAN contains three values for each iden-
tifier:

e "Type": identifier type, 11-bit or 29-bit long

e "ID/ Addr": hexadecimal identifier value

e "Symbolic label": symbolic name of the identifier, specifiing 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

11,0x064,Diag Response
11,0x1E5,EngineData
11,0x0A2,Ignition Info
11,0x1BC, TP Console
11,0x333,ABSdata
11,0x313,Door_ Left
11,0x314,Door Right
29,0x01A54321, Throttle
29,0x13A00FA2, LightState
29,0x0630ABCD, Engine_ Status

—
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29,0x03B1C002,Airbag Status
29,0x01234ABC,NM Gateway

Fig. 11-11: Label list for CAN

For general information, see chapter 11.1.3, "Label List", on page 146.

11.6.4 CAN Decode Results

You can enable the decoding in the "Protocol" main menu. "Decode" shows the decoded
values below the waveforms in the format selected with "Display". Additionally, you can
display the binary signal with "Bits".

See also: chapter 11.1.2, "Reference for Protocol Decoding"”, on page 145

Additionally, you can display and save a "Frame Table" containing decoded data: frame
number, start time of the frame, frame type, identifier, data length code, data, checksum,
and state of the frame.

See also: chapter 11.1.4, "Frame Table: Decode Resulis", on page 148

—
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I_

Fig. 11-12: Decoded CAN signal with frame table and applied label list

violet = identifier

gray = DLC, data length code
blue = data words

red = error occured, error frame

Table 11-4: Content of the CAN frame table

Column Description

Start time Time of frame start in relation to the trigger point

Type Frame type: Data, Remote, Error, or Overload

ID Identifier value, hexadecimal value

Label Symbolic label, available if a label list was loaded and applied
DLC Data length code, number of data bytes

Data Hexadecimal values of the data bytes

CRC Hexadecimal value of the Cyclic Redundance Check (checksum)
State Overall state of the frame.
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SCPI commands:

® BUS:CAN:FCOunt? on page 392

® BRBUS:CAN:FRAMe<n>:DATA? on page 394

® BUS:CAN:FRAMe<n>:STATus? on page 393

® RBUS:CAN:FRAMe<n>:STARt? on page 393

® BUS:CAN:FRAMe<n>:STOP? on page 393

® RBUS:CAN:FRAMe<n>:TYPE? on page 392

® RBUS:CAN:FRAMe<n>:IDTYpe? on page 396

® BUS:CAN:FRAMe<n>:IDSTate? on page 396

® BUS:CAN:FRAMe<n>:IDValue? on page 396

® BUS:CAN:FRAMe<n>:ACKState? on page 394

® BUS:CAN:FRAMe<n>:ACKValue? on page 394

® BUS:CAN:FRAMe<n>:CSSTate? on page 395

® BUS:CAN:FRAMe<n>:CSValue? on page 395

® BUS:CAN:FRAMe<n>:DLCState? on page 395

® BUS:CAN:FRAMe<n>:DLCValue? on page 395

® BUS:CAN:FRAMe<n>:BSEPosition? on page 396
® BUS:CAN:FRAMe<n>:BCOunt? on page 397

® BRBUS:CAN:FRAMe<n>:BYTE<o>:STATe? on page 397

® RBUS:CAN:FRAMe<n>:BYTE<o>:VALue? on page 397

11.6.5 Search on Decoded CAN Data

Using the search functionality, you can find various events in the decoded data, the same
events which you also can trigger on. Before you can start the search, you have to con-
figure the bus correctly and acquire decoded data.

To search on decoded data, use the search type "Protocol". The source is automatically
set to the configured protocol.

See also: chapter 10, "Search", on page 128.

11.6.5.1 CAN Search Setup

—
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Event

Sets the event or combination of events to be searched for. Depending on the selected
event, the appropriate settings in the softkey menu are activated.

Remote command:

SEARch:PROTocol : CAN:CONDition on page 398

Frame Setup
Selects the frame type to be searched for.

If you search for remote or data frames, the search consideres also the ID type, the length
of the identifier.

The setting is only available if "Event" = "Frame" is selected.

Remote command:
SEARch:PROTocol : CAN: FRAMe on page 398

Error Setup
Selects the error type to be searched for. You can select one or more error types as
search condition.

The error types are the same as in the CAN trigger setup, see "Error <type>"
on page 183.

The setting is only available if "Event" = "Error" or "ID & Error" is selected.

Remote command:

SEARch : PROTocol : CAN:ACKerror on page 399
SEARch:PROTocol :CAN:BITSterror on page 399
SEARch : PROTocol : CAN:CRCerror on page 399
SEARch : PROTocol : CAN: FORMerror on page 400

Symbolic ID
If a label list with node names was loaded and applied in the bus configuration, you can
select simply the node name from the list instead of entering the numeric identifier.

The instrument trriggers on the identifier of the selected node.

Frame type
Selects the frame type to be searched for, if "Event" = "Identifier" is selected. You can
search for data and or remote frames.

Remote command:
SEARch:PROTocol : CAN: FTYPe on page 400

Identifier Setup
Opens the menu to set the identifier pattern, if "Event" = "ldentifier" or "ID & Data" or "ID
& Error" is selected.

After setting the "ID type" and the "Comparison” condition, you can enter the value bit-
by-bit by setting the state high, low, or don't care for each single bit. Alternatively, you
can enter a hexadecimal value for each byte.

—
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The settings are the same as for the setup of the identifier trigger, see "ldentifier
Setup" on page 184.

Remote command:

SEARch:PROTocol :CAN: ITYPe on page 400

SEARch:PROTocol:CAN: ICONdition on page 400

SEARch:PROTocol : CAN: IDENtifier on page 400

Data Setup
Opens the menu to set the data pattern to be searched, if "Event" ="ID & Data" is
selected.

After setting the "Data length" and the "Comparison" condition, you can enter the value

bit-by-bit by setting the state high, low, or don't care for each single bit. Alternatively, you
can enter a hexadecimal value for each byte.

The settings are the same as for the setup of the data trigger, see "Data Setup"
on page 185.

Remote command:

SEARch : PROTocol : CAN: DLENgth on page 401

SEARch: PROTocol : CAN: DCONdition on page 401

SEARch : PROTocol : CAN: DATA on page 401

11.6.5.2 CAN Search Results

Searchresults (events) are marked on the waveform and listed in the event table as usual.
Instead of the event table, you can display the frame table, where the search results are
also marked. The event flags are not saved in the csv file of the frame table.

—
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Fig. 11-13: Search for data frames with 11 bit identifier, search results are marked in frame table and
on the decoded data

11.7 LIN (Option R&S RTM-K3)

11.7.1 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:
e Single-wire serial communications protocol, based on the UART byte-word interface
e Single master, multiple slaves - usually up to 12 nodes

User Manual 1305.0595.02 — 08 192


http://www.lin-subbus.org/
http://www.lin-subbus.org/

R&S®RTM Protocol Analysis

LIN (Option R&S RTM-K3)

e Master-controlled communication: master coordinates communication with the LIN
schedule and sends identifier to the slaves

e Synchronization mechanism for clock recovery by slave nodes without crystal or
ceramics resonator

The R&S RTM 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:
e Communication in an active LIN network is always initiated by the master.

e Master sends a message header including the synchronization break, the synchro-
nization byte, and the message identifier.

e The identified node sends the message response: one to eight data bytes and one
checksum byte.

e 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.

Fig. 11-14: 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 com-
bination is known as protected identifier.

Trigger

The R&S RTM 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 possible.
You can trigger on:

e Frame start (synchronization field)

e Specific slave identifier or identifier range

e Data pattern in the message

e Wake up signal

e Checksum error (error in data), parity error (error in identifier)

11.7.2 LIN Configuration Settings

Access: PROTOCOL > "Bus type" = "LIN" "Configuration"

—
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Data

Sets the source of the data line. All channel waveforms can be used.

Remote command:
BUS:LIN:DATA:SOURce on page 402

Polarity
Defines the idle state of the bus. The idle state is the rezessive state and corresponds to
a logic 1.

Remote command:
BUS:LIN:POLarity on page 402

Version
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 LIN 2.x. For mixed networks, or if the standard is unknown,
set the LIN standard to "Auto".

Remote command:
BUS:LIN:STANdard on page 402

Bit rate
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, set "Bit rate" to "Defined Bit Rate",
and then select the value with "Predefined".

To set another value, set "Bit rate" to "User Bit Rate", and then enter the value with
"User".

Remote command:
BUS:LIN:BITRate on page 402

Find Level

The instrument analyzes all channels that are configured for the selected bus and sets

the threshold for digitization of analog signals for each channel. If no level can be found,
the existing value remains unchanged, and you can set the thresholds manually in the

channel menu: CH N > "More" (page 2) > "Threshold".

See: "Threshold" on page 31

Remote command:
CHANnel<m>:THReshold:FINDlevel on page 364

—
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11.7.3 LIN Trigger Settings

Access: SETUP (Trigger) > "Trigger type" = "Protocol (LIN)" "Setup"
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Start of Frame
Triggers on the stop bit of the sync field.

Remote command:
TRIGger:A:LIN:TYPE on page 403 (SYNC)

Wake Up
Triggers after a wakeup frame.

Remote command:
TRIGger:A:LIN:TYPE on page 403 (WKFRame)

Error <type>
Identifies various errors in the frame. You can select one or more error types as trigger
condition.

The first key press enables the "Error" trigger type, the second opens the "Error" menu.

Remote command:
TRIGger:A:LIN:TYPE on page 403 (ERRCondition)

—
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Checksum — Error <type>

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:A:LIN:CHKSerror on page 404

Parity — Error <type>
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:A:LIN: ITPERror on page 404

Synchronization «— Error <type>
Triggers if synchronization caused an error.

Remote command:
TRIGger:A:LIN:SYERror on page 404

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 identifier.

The first key press enables the "Identifier" trigger type, the second opens the "Identi-
fier" menu.

After setting the "Compare" condition, you can enter the value bit-by-bit by setting the
state high, low, or don't care for each single bit. Alternatively, you can enter a hexadecimal
value for each byte.

If a label list with node names was loaded and applied in the bus configuration, you can
select simply the "Symbolic ID" from the list instead of entering the numeric identifier.

Remote command:

TRIGger:A:LIN:TYPE on page 403 (ID | IDDT)
TRIGger:A:LIN: ICONdition on page 404
TRIGger:A:LIN: IDENtifier on page 404

Symbolic ID « Identifier
If a label list with node names was loaded and applied in the bus configuration, you can
select simply the node name from the list instead of entering the numeric identifier.

The instrument trriggers on the identifier of the selected node.

Compare < Identifier

Sets the comparison condition: If the pattern contains at least one X (don't care), you can
trigger on values equal or not equal to the specified value. If the pattern contains only 0
and 1, you can also trigger on a range greater than or lower than the specified value.

—
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Bit — Identifier
Selects the number of the bit in the pattern for bit-by-bit input. For each selected bit, enter
the "State".

State — Identifier
Toggles the logic state of the selected bit: 0 (low), 1 (high), or X (don't care).

Byte — Identifier
Selects the byte for input of the data pattern. For each selected byte, enter the hexadec-
imal value, or set the "State" for each selected "Bit".

For the identifier pattern, byte selection is not relevant, as only the 6 bit identifier without
parity bits is considered.

Value — Identifier
Sets the hexadecimal value for the selected byte by turning the navigation knob.

Identifier and 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.

The first key press enables the trigger type, the second one opens the "ldentifier and
data" menu.

Identifier Setup < Identifier and data
Opens the "ldentifier" menu.

The identifier conditions are the same as for the "Identifier" trigger type, see "Identifier"
on page 196.

Data Setup < Identifier and data

Opens a menu to set the data pattern. After setting the "No. of Bytes" and the "Com-
pare" condition, you can enter the value bit-by-bit by setting the state high, low, or don't
care for each single bit. Alternatively, you can enter a hexadecimal value for each byte.

The method is the same as for identifier input. See:
"Compare" on page 196

"Bit" on page 197

"State" on page 197

"Byte" on page 197

"Value" on page 197

Remote command:

TRIGger:A:LIN:TYPE on page 403 (IDDT)
TRIGger:A:LIN:DCONdition on page 405
TRIGger:A:LIN:DATA on page 405
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No. of Bytes — Data Setup < ldentifier and data
Defines the length of the data pattern - the number of bytes in the pattern.

Remote command:

TRIGger:A:LIN:DLENgth on page 405

LIN Label List

LIN (Option R&S RTM-K3)

Label lists are protocol-specific. A LIN PTT file contains two values for each identifier:

e "ID/Addr": hexadecimal identifier value
e "Symbolic label": symbolic name for the identifier

Example: LIN PTT file

@FILE VERSION = 1.0
@PROTOCOL NAME = lin

# ______________________________________________________
# Labels for LIN protocol

# Column order: Identifier, Label

# ______________________________________________________

# Labels for standard addresses
0x06, Dashboard

0x13,Gateway

0x1C, Temperature

0x21,Mirror

0x37,Indoor lights

# Labels for reserved addresses

0x3C,Master Request Frame

0x3D, Slave_Response_ Frame

Fig. 11-15: Label list for CAN

For general information, see chapter 11.1.3, "Label List", on page 146.
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11.7.5 LIN Decode Results

You can enable the decoding in the "Protocol" main menu. "Decode" shows the decoded
values below the waveforms in the format selected with "Display”. Additionally, you can
display the binary signal with "Bits".

See also: chapter 11.1.2, "Reference for Protocol Decoding"”, on page 145

Additionally, you can display and save a "Frame Table" containing decoded data: frame
number, start time of the frame, identifier, data length, data, checksum, and state of the
frame.

See also: chapter 11.1.4, "Frame Table: Decode Resulis", on page 148

o

I+_

Fig. 11-16: Decoded LIN signal with frame table and applied label list

gray = synchronization break, synchronization byte, correct checksum
yellow = identifier

green = parity bits

blue = data words (UART words)
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Table 11-5: Content of the LIN frame table

Column Description

Start time Time of frame start in relation to the trigger point

ID Identifier value, hexadecimal value

Label Symbolic label, available if a label list was loaded and applied
Length Number of data bytes

Data Hexadecimal values of the data bytes

Chks Checksum value

State Overall state of the frame.

SCPI commands:

® BUS:LIN:FCOunt? on page 406

® BRBUS:LIN:FRAMe<n>:DATA? on page 406

® BUS:LIN:FRAMe<n>:STARt? on page 407

® BUS:LIN:FRAMe<n>:STOP? on page 408

® BUS:LIN:FRAMe<n>:VERSion? on page 409
® BUS:LIN:FRAMe<n>:CSSTate? on page 406
® BUS:LIN:FRAMe<n>:CSValue? on page 406
® BUS:LIN:FRAMe<n>:IDSTate? on page 407
® BUS:LIN:FRAMe<n>:IDValue? on page 407
® BUS:LIN:FRAMe<n>:IDPValue? on page 407
® BUS:LIN:FRAMe<n>:SYSTate? on page 408
® BUS:LIN:FRAMe<n>:SYValue? on page 408
® BUS:LIN:FRAMe<n>:BCOunt? on page 409

® BRUS:LIN:FRAMe<n>:BYTE<o>:STATe? on page 409

® BRUS:LIN:FRAMe<n>:BYTE<o>:VALue? on page 409

11.7.6 Search on Decoded LIN Data

Using the search functionality, you can find various events in the decoded data, the same
events which you also can trigger on. Before you can start the search, you have to con-
figure the bus correctly and acquire decoded data.

To search on decoded data, use the search type "Protocol". The source is automatically
set to the configured protocol.

See also: chapter 10, "Search", on page 128.
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11.7.6.1 LIN Search Setup

Event

Sets the event or combination of events to be searched for. Depending on the selected
event, the appropriate settings in the softkey menu are activated.

Remote command:

SEARch:PROTocol : LIN:CONDition on page 410

Frame Setup
Selects the frame type to be searched for: Start of frame or wakeup frame.

The setting is only available if "Event" = "Frame" is selected.

Remote command:
SEARch :PROTocol : LIN: FRAMe on page 411

Error Setup
Selects the error type to be searched for. You can select one or more error types as
search condition.

The error types are the same as in the LIN trigger setup, see "Error <type>"
on page 195.

The setting is only available if "Event" = "Error" or "ID & Error" is selected.
Remote command:

SEARch:PROTocol:LIN:CHKSerror on page 412

SEARch:PROTocol :LIN: IPERror on page 411

SEARch:PROTocol :LIN:SYERror on page 412

Symbolic ID
If a label list with node names was loaded and applied in the bus configuration, you can
select simply the node name from the list instead of entering the numeric identifier.

The instrument trriggers on the identifier of the selected node.

Identifier Setup
Opens the menu to set the identifier pattern, if "Event" = "ldentifier" or "ID & Data" or "ID
& Error" is selected.

The settings are the same as for the setup of the identifier trigger, see "Identifier"
on page 196.

Remote command:

SEARch:PROTocol :LIN: ICONdition on page 412

SEARch:PROTocol :LIN: IDENtifier on page 412
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Data Setup
Opens the menu to set the data pattern to be searched, if "Event" = "ID & Data" is
selected.

After setting the "No. of Bytes" and the "Comparison" condition, you can enter the value
bit-by-bit by setting the state high, low, or don't care for each single bit. Alternatively, you
can enter a hexadecimal value for each byte.

The settings are the same as for the setup of the data trigger, see "Data Setup”
on page 197.

Remote command:

SEARch :PROTocol : LIN: DLENgth on page 412

SEARch :PROTocol : LIN:DCONdition on page 413

SEARch:PROTocol : LIN:DATA on page 413

11.7.6.2 LIN Search Results

Searchresults (events) are marked on the waveform and listed in the event table as usual.
Instead of the event table, you can display the frame table, where the search results are
also marked. The event flags are not saved in the csv file of the frame table.
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Fig. 11-17: Search for data frames with 11 bit identifier, search results are marked in frame table and
on the decoded data
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12 Data and File Management

This chapter describes how to print screenshots and how to manage measurement set-
tings and data.

@ PIINEING. e e aa e e e et e e e eera—r————— 204
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12.1 Printing

You can create a sceenshot of the current display of your waveforms and measurement
results and print it on a printer. To optimize the output, you can configure different color
modes. The printer has to be connected to a Type A USB port. Alternatively, you can
save screenshots to files, see also: chapter 12.2.5, "Screenshots", on page 219.

If you want to print many screenshots, you can assign the printout function to the
PRINT key. This key is a shortcut key that initiates the assigned action at a single key-
press. Infrequent printouts can be started from the "File" menu, see also: chap-

ter 12.1.1.3, "Quick Printing with the PRINT Key", on page 205.

12.1.1 Printing a Screenshot

Before you can print, you have to:
e Connect and configure the printer
e Configure the PRINT key if you need quick printout

Then you can start the printout from the "File" menu or with the PRINT key.

12.1.1.1 Configuring the Printer Output

For the printout, you configure the format and colors. The individual settings are described
in chapter 12.1.2, "Printer Settings", on page 205.

1. Connect the printer to a Type A USB port on the front or rear panel of the instrument.
Press SETUP > "Printer" to open the "Printer" menu.
Press "Paper Format" and select the required format using the "Navigation" knob.

2

3

4. In the "Printer" menu, press "Color Mode".

5. Select the required color format using the "Navigation" knob.
6

Most printers support PCL (Printer Command Language). If your printer does not,
select the appropriate "Command Set".
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12.1.1.2 Starting the Printout
Infrequent printouts can be started from the "File" menu.
1. Make sure that the printer is configured correctly.
See: chapter 12.1.1.1, "Configuring the Printer Output”, on page 204

2. Press the FILE key.

3. Press "Screenshots > Print".

12.1.1.3 Quick Printing with the PRINT Key

You assign the print function to the PRINT key. After this configuration a screenshot will
be printed on the connected printer whenever you press the PRINT key.

See also: chapter 12.2.2, "Quick Access with PRINT key", on page 212.

1. Configure the PRINT key:

a) Press FILE > "Print-Key".
b) Press mm "(Print) Screenshots".

2. Make sure that the printer is configured correctly.
See: chapter 12.1.1.1, "Configuring the Printer Output”, on page 204

3. Press the PRINT key.

12.1.2 Printer Settings

Access: SETUP key > "More" (switch to page 2/3) > "Printer"

Paper Format
Defines the paper format and the orientation (portrait or landscape) for printing.

Remote command:
HCOPy:PAGE: STZE on page 415
HCOPy:PAGE:ORIentation on page 415

Color Mode

Defines the color mode for output on printer.
"Grayscale" Black and white output
"Color" Color output
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"Inverted" Inverts the colors of the output, i.e. a dark waveform is printed on a white
background.

Remote command:
HCOPy:COLor : SCHeme on page 415

Command Set
Sets the printer language that is supported by the printer. When you connect a printer,
the supported command set is shown in the "Device Information" window.

12.2 Saving and Loading

With R&S RTM, you can save and recall your measurement data: device settings, mask
definitions, equation sets, waveform data, and screenshots. Data can be stored in the
instrument or on external device, it can be copied and converted (depending on the
available formats).

L IS (o] = o T e Y= o o 3SR 206
o Quick Access With PRINT KeY.......uiiiiiiiiiee et 212
O DEVICE SEHINGS....eiiiiiiiiiiiiii e 214
L I = Y= (o] g T PRSP 216
L IS o7 =YY o T o o T SRS 219
e References, Masks, and Equation Sets: Import/EXport........cccccceeeeeeiieiiiceneeeeenn. 221

12.2.1 Storage Locations

The R&S RTM provides three basic storage locations to store any data. In the following,
these locations are refered to as storage devices:

e The "Internal" storage device is a flash memory in the instrument with about 8 MB
memory size.

e The "Front USB" storage device indicates a USB flash drive that is connected to the
USB connector on the front panel of the instrument.

e The "Rear USB" storage device indicates a USB flash drive that is connected to the
USB connector on the rear panel of the instrument.

On each storage device, data can be organized in folders as usual. Therefore, the
R&S RTM allows you to create folders or remove them wherever you need.

Device settings, reference waveforms, masks, and equations sets can be directly saved
to and loaded from any storage device. Waveforms and screenshots can be saved to
USB storage devices only.

To copy data from one storage device to another, the "Import/Export" functions are used.
The name of the target file can be changed, so you can copy and rename in one operation.
For references and masks, you can also change the target file format and convert the
data during export/import.

This chapter describes the general procedures and settings to save, load, and export/
import data.
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12.2.1.1 Configuring Storage Locations

You must configure the storage settings for the various data types initially: select the
storage location and the storage directory, and define the file name. For some data types,
further storage settings are available. Then you can save data simply by pressing the
"Save" softkey in the FILE menu or, if configured accordingly, by pressing the PRINT key
on the front panel.

To select the storage directory

Whenever you want to save, copy or load data, you have to set the directory where the
data will be stored or loaded from.

1. Press "Storage" to open the storage directory menu and display the file explorer for
the currently selected storage location.
See also: "Storage Directory Menu" on page 210.

2. Press "Storage (Internal/Front/Rear)" until the required storage device is highlighted.
For waveforms and screenshots, only a USB flash drive can be selected as a storage
location. If no USB flash drive is connected to the instrument, this function is not
available.

3. Use the "Navigation" knob to scroll through the directories. To change the directory,
scroll to the name of the directory and press the knob, or press "Change dir.".

4. Press "Create dir." to create a new subdirectory under the selected directory. Enter
a name for the subdirectory as described in "To define a new file or directory
name" on page 207.

5. Press "Remove dir." to remove a directory that you no longer need.

6. Press "Accept" to confirm the selected storage directory.

To define a new file or directory name

When you create a new directory or press "File name" to define the name of the storage
file, a text editor is displayed in which you can enter the new name.

1. Use the "Navigate" knob to select a character.

2. Press "Character Set", if available, to display additional characters.
3. Press "Backspace" to delete the character to the left of the cursor.
4

Press the "Cursor -»" and "Cursor<" softkeys to scroll through the characters of the
name.

o

Press "Default name" to restore the default name.
6. Press "Accept" to save the defined name.
12.2.1.2 Importing and Exporting Data

To copy data from one storage device to another, the "Import/Export" functions are used.
The procedures is the same for all data types.
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The name of the target file can be changed, so you can copy and rename in one operation.
For references and masks, you can also change the target file format and convert the
data during export/import.

1. In the FILE menu, press the "Import/Export" softkey for the required data type.

2. Define the source file for the copy operation.

a) Press "Source".

A file explorer is displayed.

b) If necessary, switch to the storage location that contains the source file by press-
ing "Storage (Internal/Front/Rear)".

c) Select the source file. Use the "Navigation" knob to scroll through the directories.
To change the directory, scroll to the name of the directory and press the knob,
or press "Change dir.".

d) Press "Load".

The source file is selected, but not yet loaded to the R&S RTM.

3. Define the destination directory for the copy operation. The source file will be copied
here.

a) Press "Destination".

A file explorer is displayed.

b) If necessary, switch to the storage location that contains the storage directory by
pressing "Storage (Internal/Front/Rear)".

c) Select the storage directory. Use the "Navigation" knob to scroll through the

directories. To change the directory, scroll to the name of the directory and press
the knob, or press "Change dir.".
Press "Create dir." to create a new subdirectory under the selected directory.
Enter a name for the subdirectory as described in "To define a new file or directory
name" on page 207.

d) Press "Accept" to confirm the selection.

4. Change the "File Name" of the destination file if necessary.

Note: If a file with the same file name already exists in the destination directory, it will
be overwritten without notification.

5. If you want to change the file format for references or masks, press "Format" and
select the target format.

6. Press "Import/Export".

The source file is copied to the destination directory.

Imported data is not loaded to the instrument automatically. You must explicitly load it
afterimport with the "Load" function in the relevant menu (Masks, Reference, Math menu,
or File menu for instrument settings).
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12.2.1.3 General Storage Settings

This chapter describes the general settings to save, load, and export/import data.

@ SAVE MENU....ceeieicce e e e e e aaaaa e et e e e rr e ————— 209
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Save Menu

The "Save" menu provides functions to configure how the data is saved and to start the
save process. Its main functions are displayed whenever some data has to be stored.
Depending on the data type, additional specific functions may be provided. These func-
tions are described in the relevant chapters.

1 (0] =T [T TP P PP UPPUPPRT 209
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Storage

Opens the storage directory submenu, see "Storage Directory Menu" on page 210.

File name
Opens on-screen keyboard to define a new file name to which the data is stored.

Note: If a file with the same file name already exists in the destination directory, it will be
overwritten without notification.

Turn the NAVIGATION knob to mark a character and press the knob to select it. Press
"Backspace" to delete the character to the left of the cursor. Press the "Cursor —" and

"Cursor <" softkeys to scroll through the characters of the name. Press "Default name"
to restore the standard file name.

Press "Accept" to save the defined name.

Remote command:
MMEMory : NAME on page 414

Comment

Opens an on-screen keyboard to insert a comment to the stored data. Comments are
available for all file formats that can be read by the R&S RTM: device settings, reference
waveforms (trf format), masks, equation sets.
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Save

Saves the data to the selected storage directory. The used file name is displayed when
storage is completed.

Remote command:

Device settings: MMEMory: STORe : STATe on page 422

Other data: MMEMory : DATA on page 421

Load Menu

The "Load" menu provides functions and a file explorer to select data files and to load it
for usage. It is displayed whenever some data has to be loaded.

Storage
Opens the storage directory submenu, see "Storage Directory Menu" on page 210.

Remove File
Deletes the selected file.

Remote command:
MMEMory:DELete on page 421

Load
Loads the selected file to the instrument.

During an import/export operation, this command confirms the selection of a file and loads
it temporarily. In order to actually copy the file to the selected destination, press "Import/
Export".

Remote command:

Device settings: MMEMory : LOAD: STATe on page 422

Storage Directory Menu

The storage directory menu is opened with the "Storage" softkey that is available in all
"Save" and "Load" menus. Here you define the storage device and the directory where
the file will be saved or loaded from. If appropriate, you can also create new directories
or delete existing ones.
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rear panel, not to an internal directory. If you want to store a waveform or scrrenshot, and

ﬂ Waveforms and screenshots can only be stored on a USB stick connected to the front or
no USB stick is currently connected, the "Storage" softkey is not available.

See also: chapter 12.2.1, "Storage Locations", on page 206.
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Storage (Internal/Front/Rear)
Defines the storage device.

Waveforms and screenshots can only be stored on a USB stick connected to the front or
rear panel, not to an internal directory. In this case, the softkey is only available if a USB
stick is connected to the rear or front panel.

"Internal” Directly in the internal memory of the instrument
"Front" On a USB stick connected to the front panel
"Rear" On a USB stick connected to the rear panel

Remote command:
MMEMory :MSIS on page 417

Change Directory
Switches to the selected directory.

See also: "To select the storage directory" on page 207.

Remote command:
MMEMory:CDIRectory on page 417

Create Directory
Creates a new subdirectory of the currently selected storage directory.

See also: "To define a new file or directory name" on page 207.

Remote command:
MMEMory :MDIRectory on page 417

Remove Directory
Removes the currently selected directory.

Remote command:
MMEMory:RDIRectory on page 418
Import/Export Menu

The "Import/Export" menu provides functions to copy data between the instrument and
a USB flash device.

See also: chapter 12.2.1.2, "Importing and Exporting Data", on page 207
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Source

Opens the "Load" menu and a file explorer to select the source file of the import/export
operation.

See "Load Menu" on page 210.

Destination
Opens the "Storage" menu and a file explorer to select the destination of the import/export
operation.

See "Storage Directory Menu" on page 210.

Import/Export
Copies the selected source file to the specified file in the selected destination directory.

Note: If a file with the same file name already exists in the destination directory, it will be
overwritten without notification.

Remote command:
MMEMory : COPY on page 420

12.2.2 Quick Access with PRINT key

The PRINT key is a shortcut key that initiates the associated action. With this key it is
easy to save, for example, a series of waveform data or screenshots.

You can assign one of the following actions to the PRINT key:

e Save device settings

e Save a waveform

e Save a screenshot

e Save a screenshot and the device settings

e Print a screenshot

Saving data
You also can save data without changing the behavior of the PRINT key by pressing
"Save" for the selected data type in the FILE menu.
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12.2.2.1 Configuring the PRINT-Key Behavior

The PRINT key can either be used to print screenshots to a connected printer, or to save
data to a specified storage location just by pressing a single key.

1. Press FILE > "Print Key".
2. Press the softkey of the action that you want to assign to the PRINT key.

3. Configure the settings for the selected action:

Save device settings: FILE > "Device Settings > Save"

Save a waveform: FILE > "Waveforms"

Save a screenshot: FILE > "Screenshots"”

Save a screenshot and the device settings: FILE > "Screenshots" and FILE >
"Device Settings > Save"

e Print screenshots: SETUP > "More > Printer"

After this configuration the selected action is started whenever you press the
PRINT key.

12.2.2.2 PRINT-Key Settings

With FILE > "Print Key" you define an action that will be executed by pressing the
PRINT key.

DTNV Tt 1= x4 T 1 TR 213
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Device Settings
If selected, the device settings are stored when you press the PRINT key. Storage set-
tings are configured with FILE > "Device Settings".

See also: chapter 12.2.3.2, "Device Settings Menu", on page 215.

Waveforms
If selected, the current waveform is stored when you press the PRINT key. Storage set-
tings are configured with FILE > "Waveforms".

See also: chapter 12.2.4.3, "Waveform Storage Settings", on page 218.

(Save) Screenshots
If selected, a screenshot of the current display is stored when you press the PRINT key.
Storage settings are configured with FILE > "Screenshots".

See also: chapter 12.2.5.2, "Screenshot Storage Settings", on page 220.
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Screen & Setup

If selected, the device settings and a screenshot of the current display are stored when
you press the PRINT key. Storage settings are configured with FILE > "Screenshots" and
FILE > "Device Settings".

See also: chapter 12.2.5.2, "Screenshot Storage Settings”, on page 220

(Print) Screenshots
If selected, a screenshot of the current display is sent to the USB printer when you press
the PRINT key. Printer settings are configured with SETUP > "Printer".

See also: chapter 12.1, "Printing", on page 204

12.2.3 Device Settings

In order to repeat measurements at different times or perform similar measurements with
different test data, it is useful to save the used instrument settings and load them again
later. Furthermore, it can be helpful to refer to the instrument settings of a particular
measurement when analyzing the results. Therefore, functions are provided so you can
easily save the instrument settings of a measurement, with or without the corresponding
screenshot.

The instrument settings can be saved to and loaded from any storage device - internal
memory or external USB flash device. It is also possible to copy the stored settings to
another storage device with "Export/Import". The file format is always . SET, and the file
size is about 2.76 kB.

You can exchange stored device settings between R&S RTM instruments, also between
2-channel and 4-channel instruments.

The default instrument settings can be restored with PRESET or FILE > "Device Settings
> Default sett.".

12.2.3.1 Saving and Loading Device Settings

e "To save device settings" on page 214
® "To |load device settings" on page 215

To save device settings

1. Press FILE > "Device Settings > Save".

2. Configure the storage location as described in "To select the storage directory”

on page 207.

3. Enter the file name as described in "To define a new file or directory name"
on page 207.

4. Optionally, press "Comment" and enter a description of the settings.

5. Press "Save".
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Note: To save the device settings several times by pressing simply the PRINT key,
assign the "Device Settings" to the PRINT key as described in chapter 12.2.2.1,
"Configuring the PRINT-Key Behavior", on page 213.

To load device settings

1. Press FILE > "Device Settings > Load".

A file explorer is displayed.

2. If necessary, select the storage device and directory described in "To select the stor-
age directory" on page 207.

3. Select the file that contains the device settings. Use the "Navigation" knob to scroll
through the files.

4. Press "Load".

The saved settings are loaded to the R&S RTM.

12.2.3.2 Device Settings Menu

With FILE > "Device Settings" you open a menu to manage instrument configuration files.

IMpPOrt/EXport DeviCe SetliNgS.....cccviiei i e 216
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Save

Opens the "Save" menu, see "Save Menu" on page 209.
In addition to the common save functions, specific functions are available.

Setup & Label — Save
Saves the the device settings together with the label list to the selected storage directory
in one file. The used file name is displayed when storage is completed.

This function is available if option R&S RTM-K1 or K3 is installed (protocols I12C, LIN,
CAN), and a label list was loaded and applied to the protocol data.

When you load a setting file with label list to an instrument, the label list is loaded together
with the instrument settings. A previously loaded label list will be overwritten.

Load
Opens the "Load" menu, see "Load Menu" on page 210.

—
User Manual 1305.0595.02 — 08 215



R&S®RTM Data and File Management

Saving and Loading

Import/Export Device Settings
Opens the "Import/Export" menu, see "Import/Export Menu" on page 211.

Memory Usage
Displays information on the instrument and information on used and available memory
space on all available storage devices.

Default sett.
Restores the default device settings. These settings, among others, are also restored
with the PRESET key.

12.2.4 Waveforms

A waveform can be saved in two ways:

® As a reference waveform for later use with R&S RTM: REF key
See: chapter 5, "Reference Waveforms", on page 71

e As data in various formats directly to a USB flash drive for analysis by other means:
FILE > "Waveforms".
This way is described in the current chapter.
If you want to save many waveforms, you can assign the function to the PRINT key.
Infrequent save operations can be started from the "File" menu. See also: chap-
ter 12.2.2, "Quick Access with PRINT key", on page 212.

12.2.4.1 Waveform File Formats

Data of all waveforms - channel, reference, and math waveforms - is saved as a suc-
cession of values or pairs of values. Pairs of values are written as two consecutive single
values. Depending on the file format, only amplitude values are stored, or the amplitude
values are stored together with their time value, or frequency value in FFT mode.

With export/import, you can change the target file format and convert the data.

In order to reload waveform data as a reference waveform, it must be stored in TRF or
CSV format.

TRF Format

TREF is the specific binary format for reference waveforms of the R&S RTM. It contains
amplitude values or pairs of values, time information (time of the first sample and the
sample interval) and current instrument settings. The data can be loaded as reference
waveform for further use on the instrument. It is not intended for analysis outside the
R&S RTM.

CSV Format

In a Comma Separated Values text file, the waveform is stored in a two-columned table.
Columns are separated by a comma, and the lines are separated by line breaks \r\n
(0x0D 0x0A). Values are listed in scientific notation.
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The first column contains the time values of the samples in relation to the trigger point,
and the second column contains the associated amplitude values. The first line indicates
the units of the values in each column, and the name of the waveform. Pairs of values
are listed as two single values with the same time value (minimum and maximum).

The data can be loaded back to the instrument for further use.

Example CSV1: Waveform of channel 1, single values

[s],CH1[V]
-1.1996E-02,1.000E-02
-1.1992E-02,1.000E-02
-1.1988E-02,1.000E-02
-1.1984E-02,1.000E-02

Example CSV2: Waveform of channel 1, pairs of values

[s],CH1[V]
-2.9980E+00,2.000E-05
-2.9980E+00,1.400E-04
-2.9960E+00,-1.800E-04
-2.9960E+00,1.400E-04
-2.9940E+00,-1.800E-04
-2.9940E+400,1.400E-04

Example CSV3: FFT

[Hz], FFT [dBm]

0.000000E+00,1.03746E+01
1.525879E+02,7.49460E+00
3.051758E+02,-1.19854E+01
4.577637E+02,-1.56854E+01

Import of CSV files: If you import a CSV file as reference waveform from a USB flash
drive to the instrument, the import converts the data to TRF format. The instrument reads
the first and the last time value and calculates the total time of the waveform, and it counts
the number of values. Then all amplitude values are read one by one and written with an
equidistant time distribution to the TRF file. If the first two time values are identical, the
waveform is considered to consist of pairs of values.

TXT Format

TXT files are ASCII files that contain only amplitude values in scientific notation but no
time values. Amplitude values are separated by commas. Pairs of values are listed as

two subsequent single values, without any identification. There is no comma at the end
of the file.

Example: TXT file

1.000E-02,1.000E-02,1.000E-02,1.000E-02,3.000E-02

BIN Format

BIN files contain binary amplitude values only but no time values. Each value has a word
size of 8, or 16, or 32 bit, the word size is the same throughout the file.

—
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Words are given in Big Endian order - beginning with the MSB (Most Significant Byte)
and ending with the LSB (Least Significant Byte). Pairs of values are listed as two sub-
sequent single values, without any identification.

12.2.4.2 Saving a Waveform to USB flash drive

If you want to save many waveforms, you can assign the function to the PRINT key.
Infrequent savings can be started from the "File" menu. Before you can save the wave-
form, you have to configure the storage location and file format.

1. Press FILE > "Waveforms".

2. Configure the storage location as described in "To select the storage directory”
on page 207.

3. Press "Waveform" and select the waveform to be stored. All active waveforms are
listed.

4. Enter the file name as described in "To define a new file or directory name"
on page 207.

5. Select the "Format".
For details, see chapter 12.2.4.1, "Waveform File Formats", on page 216.

6. Press "Data" and select whether to save the displayed data or the data stored in the
memory.
For details, see "Data" on page 219.

7. Press "Save".

To save waveforms several times by pressing simply the PRINT key, assign the "Wave-
forms" to the PRINT key as described in chapter 12.2.2.1, "Configuring the PRINT-Key
Behavior", on page 213.

12.2.4.3 Waveform Storage Settings

With FILE > "Waveforms" you open a menu to store one of the active waveforms to a
USB flash drive.

For a description of the common save functions "Storage", "File Name", and "Save", see
chapter 12.2.1.3, "General Storage Settings", on page 209. Specific settings for saving
waveforms are described below.

—
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Waveform

Selects the waveform to be stored. Turn the "Navigation" knob to select one of the avail-
able waveforms (channel, reference, and math waveforms).

Format
Defines the format of the waveform storage file: BIN, CSV, TXT, or TRF. For details, see
chapter 12.2.4.1, "Waveform File Formats", on page 216.

Data
Selects the amount of data points to be saved in the waveform file.

"Display Data" All waveform samples that are displayed on the screen will be saved.
Exception: The "Waveform Rate" ist set to maximum sample rate, and
the acquisition is stopped. In this case, the memory can contain more
data samples than the display shows (decimation). To save the wave-
form with maximum resolution, the instrument stores the samples that
are saved in the memory.

"Acq. Memory" All data samples that are stored in the memory will be saved.
This setting takes effect only for stopped acquisitions and it is not avail-
able for math waveforms. For running acquisitions, always display data
is stored.

Remote command:
CHANnel<m>:DATA:POINts on page 285

12.2.5 Screenshots

You can create a screenshot of the current display of your waveforms and measurement
results and save it to a file. To optimize the output, you can configure different color modes
and file formats. Alternatively, you can print screenshots to a printer.

See also: chapter 12.1, "Printing", on page 204.

If you want to save many screenshots - together with the instrument or the image only -
you can assign the function to the PRINT key. Infrequent save operations can be started
from the "File" menu.

See also: chapter 12.2.2, "Quick Access with PRINT key", on page 212.
12.2.5.1 Saving a Screenshot

Before you can save the screenshot, you have to configure the storage location and file
format.

1. Press FILE > "Screenshots".
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2. Configure the storage location as described in "To select the storage directory”
on page 207.

3. Enter the file name as described in "To define a new file or directory name"
on page 207.

4. Select the "Format" and the "Color mode".
For details, see chapter 12.2.5.2, "Screenshot Storage Settings", on page 220.

5. Press "Save".

See also: chapter 12.2.2, "Quick Access with PRINT key", on page 212.

12.2.5.2 Screenshot Storage Settings

With FILE > "Screenshots" you open a menu to save or print screenshots of the current
display.

For a description of the common save functions "Storage", "File Name", and "Save", see
chapter 12.2.1.3, "General Storage Settings", on page 209. Specific settings for saving
screenshots are described below.
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Format
Defines the format of the screenshot file. The following formats are available:
e BMP

BitMaP is an uncompressed format, files are large and saving might take some time.
e PNG

Portable Network Graphics is a graphic format with lossless data compression.

Remote command:
HCOPy:LANGuage on page 415

Color mode

Defines the color mode for saved screenshots.

"Grayscale" Black and white output

"Color" Color output

"Inverted" Inverts the colors of the output, i.e. a dark waveform is printed on a white
background

Remote command:
HCOPy:COLor: SCHeme on page 415
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Print
Prints the screenshot on a printer connected to the USB connector on the front or rear
panel. The printer output is configured with SETUP > "Printer".

The function is only available if a printer is connected.

Remote command:
HCOPy[:IMMediate] on page 414

12.2.6 References, Masks, and Equation Sets: Import/Export

The "File" menu provides the functions to copy mask files, equation sets, and reference
waveform files from one storage device to another.

For details, refer to the relevant chapters:

e Reference waveforms: chapter 5, "Reference Waveforms", on page 71

® Masks: chapter 9, "Masks", on page 118

e [Equation sets: chapter 7, "Mathematics", on page 94

e Export/Import procedure: chapter 12.2.1.2, "Importing and Exporting Data",
on page 207
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13 General Instrument Setup

This chapter describes the firmware update, the activation of new options, and all softkeys
of the "Setup" menu.

The usage of the functions except of update is described in other chapters depending on
the usage context:

e chapter "Defining General Instrument Settings" in the "Getting Started" manual: con-
figuring date, time, interface and help language, and sounds;

® chapter 14.1.2, "Setting Up a LAN Connection", on page 233.

13.1 Firmware and Options
L I U o To F= 4 o T T 01V Z= 222
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13.1.1 Updating Firmware

This chapter describes how to update the instrument's firmware and the interface firm-
ware.

You should update the instrument and interface firmware in regular intervals to take
advantage of new functions and solve possible problems.

To update the instrument's firmware

1. Download the current firmware package from the instrument's Web page: http://
www.scope-of-the-art.com/product/rtm.html under "Downloads > Firmware".

The zip package contains the firmware (.fwu) and help/languages (.hmg) for all
R&S RTM types.

2. Extract the zip package and copy the required firmware and help/languages files to
a USB stick.

3. Insert the USB flash drive in the instrument.
4. Press SETUP.

5. Press "More".
Press "Update > Firmware".

The currently installed firmware version as well as all available update versions are
displayed.

6. Press "Execute" to start the firmware update.
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7. Update the online help as well as softkey labels and display texts of additional lan-
guages: SETUP > "[More >] Update > Language > Language (select) > Update". See
the "Getting Started" Manual for further information.

To update the interface firmware

1. Insert a USB flash drive containing an update in the instrument.

2. Press SETUP > "Update > Interface".

The currently installed firmware version as well as all available update versions are
displayed.

3. Press "Execute" to install the available firmware updates.

13.1.2 Activating Options

New R&S RTM options must be activated using the license key supplied by Rohde &
Schwarz. The license key can be read from a license file or entered manually.

1. Press SETUP > "Update > Upgrade".

2. To load the key from a file:

a) Connect the USB flash drive to the instrument.

b) Press "Read keys from license file".

c) Select the "Storage" location, change directory, if needed, and select the license
file.

d) Press "Load".

3. To enter the license key manually:

a) Press "Input key manually".
b) Enter the license key with the on-screen keyboard and press "Accept".

The option is enabled and can be used immediately.

13.2 Reference for Setup

The SETUP key provides functions for basic instrument settings and allows you to update
the instrument's firmware and help files:

—
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Time Reference

Defines the time reference point in the diagram, i.e. the point at which the trigger is Os.
The reference point is defined as an offset of divisions from the center in the diagram. By
default, the reference point Os is displayed in the center of the window, which corresponds
to 0 divisions.

The scaling of the waveform depends on this reference point.

Remote command:
TIMebase:REFerence on page 274

Menu Off
Defines how long a selection menu for a softkey is displayed before it automatically closes
again.

Language
Provides different languages in which the softkey labels, help and other screen informa-
tion can be displayed. Currently only an English interface is available for the instrument.

Remote command:
DISPlay:LANGuage on page 423

Date & Time
Provides softkeys to set the current date and time in the instrument.

Year/Month/Day/Hour/Minute < Date & Time
Change the date and time settings individually. Changes are only adopted by the instru-
ment after you press "Save and Back".

Remote command:
SYSTem:DATE on page 424
SYSTem:TIME on page 424

Interface

Activates or deactivates additional instrument interfaces. Using these interfaces you can
communicate with the instrument, for example to read out data or automate the meas-
uring station. Various interfaces are available as options for the instrument and are
installed in a specific slot at the rear. Depending on the installed interface, additional
parameters may be definable via the "Parameter” softkey after the interface has been
activated.

g™ USB <« Interface

Activates the (Type B) USB interface for remote control. The USB interface provides a
simple way to connect the instrument to a PC. The USB 2.0 standard is supported. Use
a connection cable that is suitable for a "Type B" USB interface.

No settings are available for the USB interface.

Note: You cannot connect a printer via the Type B USB interface. Use one of the Type
A USB interfaces on the rear or front panel to connect a printer.
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I.I LAN < Interface
m m Activates the LAN interface which allows you to connect the instrument to various other
devices. Access to the instrument is controlled via its IP address.

By default, the instrument is set to use DHCP. If the instrument cannot find a DHCP
server, it takes about two minutes until the LAN menu is available.

The interface is configured using the Parameter softkey. See also: chapter 14.1.2, "Set-
ting Up a LAN Connection", on page 233.

IEEE488 — Interface

Activates the IEEE488 interface, also known as a "General Purpose Interface Bus"
(GPIB). Using this interface, up to 15 devices can be connected to the instrument. Each
device is identified by a unique number, which is defined within the device.

The interface is configured using the Parameter softkey. For details see chapter 14.1.2,
"Setting Up a LAN Connection", on page 233.

Parameter < Interface
Provides a settings dialog to configure the active additional interface. Changes are only
adopted by the instrument after you press "Save".

DHCP — Parameter — Interface

Activates or deactivates usage of the Dynamic Host Configuration Protocol (DHCP). If
the network supports dynamic TCP/IP configuration using DHCP, all address information
can be assigned automatically.

Next — Parameter — Interface
For settings that require several entries in one row, "Next" selects the next entry.

To select the next setting in the dialog, press "Down", to select the previous setting, press
llUpll.

Up — Parameter — Interface
Selects the previous setting in the dialog.

Down < Parameter — Interface
Selects the next setting in the dialog.

Default — Parameter — Interface
Restores the default interface settings.

Save — Parameter — Interface
Saves the changes to the instrument and closes the dialog.

Device Information

Displays insformation on the instrument, such as its serial number, the installed software
version and hardware information. This information is required in case of a support
request.

Update
Provides functions to update the help files or firmware of the instrument or interfaces.
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Firmware «— Update

Allows you to update the instrument firmware. The currently installed firmware version is
displayed, as well as all available update versions if a USB flash drive containing an
update is identified. The instrument is only updated when you press "Execute".

Note: You should update the instrument firmware in regular intervals to take advantage
of new functions and solve possible problems.

The online help is not included in the firmware update package. Update the online help
separately to get the latest information.

Execute — Firmware — Update
The instrument firmware is updated.

Interface — Update

Some interfaces are provided with their own instrument-independant firmware. This
interface firmware can also be updated. The currently installed firmware version is dis-
played, as well as all available update versions, if a USB flash drive containing an update
is identified. The instrument is only updated when you press "Execute".

Note: You should update the interface firmware in regular intervals to take advantage of
new functions and solve possible problems.

Execute — Interface — Update
The interface firmware is updated.

Language — Update

Displays the installed and available languages. For each language, softkey labels, display
texts, and - if available - the online help are provided. To install or update a language or
online help, the language file RTM10xx.HMG is required on a USB flash drive. The lan-
guage file contains all available languages and online helps. Up to four languages can
be installed on the instrument.

See the "Getting Started" Manual for further information.

Language «— Language < Update
Selects the language to be added, removed or updated. Supported languages are listed
in the data sheet.

Add — Language «— Update
Adds the language selected with the "Language" softkey to the instrument.

To change the displayed language, use the "Language"” softkey in the "Setup" menu..

Remote command:
DISPlay:LANGuage:ADD on page 423
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Remove < Language < Update
Removes the language selected with the "Language" softkey from the instrument.

Remote command:
DISPlay:LANGuage :REMove on page 423

Update — Language «— Update
Updates the language selected with the "Language” softkey on the instrument.

Upgrade — Update
Provides functions to activate options.

Read keys from license file — Upgrade «— Update
Select the storage and directory where your license file is stored, and press "Load" to
activate the options.

Input key manually — Upgrade <— Update
Opens the on-screen keyboard to enter the license key of the option.

Printer
Opens a menu to configure the output on the printer: paper format, orientation, color, and
printer language. The printer has to be connected to a (Type A) USB port.

For details, see chapter 12.1.2, "Printer Settings", on page 205.

Sound

Defines the event types for which a sound is to be generated by the instrument. Switch
the sound for a particular event type on or off by selecting the corresponding softkey.
Active sounds are highlighted.

Control Beep — Sound
Generates a sound for general control events, e.g. reaching the rotary encoder end or
changing the measuring mode in the "Automeasure" menu.

Error Beep < Sound
Generates a a sound if an error occurs in the instrument, e.g. when the input exceeds 50
Q or a false value is entered in a dialog.

Trigger Beep < Sound
Generates a sound when the trigger condition is fulfilled.

Self Alignment
Opens a submenu to perform selftest and self-alignment of the instrument and to check
the results.

Self Test & Self Alignment — Self Alignment
Checks if a self-alignment has been executed successfully. If not, the self-alignment is
executed. To start the process, press the "Start" softkey.
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Self Alignment — Self Alignment
Allows you to execute an internal self-alignment of the instrument. Alignment is only exe-
cuted when you press the "Start" softkey.

When data from several input channels is displayed at the same time, it may be necessary
to align the data in order to synchronize the time bases, amplitudes, and positions. This
is the case, for example, when strong temperature changes occur.

Start — Self Alignment
Starts the internal self-calibration of the instrument. Status information is displayed on
the screen.

Abort — Self Alignment
Aborts the internal self-calibration of the instrument.

Log File — Self Alignment
The log file records the results of the self-alignment. You can set et the extend of the log
file and export it.

"No Log File" No log file is written

"Standard Log Default logging

File"

"Extended Log Complete log results are written

File"

"Export" Opens the submenu to store the log file on USB stick.
See also: "Storage Directory Menu" on page 210.

Probe Adjust

A R&S RTM allows you to adjust a probe without further devices. Two connector pins are
located on the front panel. The left pin is on ground level. The right pin supplies a square
wave signal for the adjustment. In this menu you can choose between two frequencies
(1 kHz, 1 MHz) or allow the detection of an automatic setting by the instrument. The rise
time does not differ between the settings.

1kHz — Probe Adjust
A square wave with a frequency of f = 1 kHz is generated at the "Probe Adjust" pin. Use
this setting to adjust the LF band of the probe.

1MHz — Probe Adjust
A square wave with a frequency of f = 1 MHz is generated at the "Probe Adjust" pin. Use
this setting to adjust the HF band of the probe.

Automatic — Probe Adjust

A square wave is generated at the "Probe Adjust" pin. The frequency of the square wave
depends on the defined time base. If the time base becomes too small to display the 1
kHz wave, it is automatically switched to a 1 MHz wave.

Secure Erase
Deletes current instrument configuration data and user data (for example, reference files,
equation sets, masks) from the internal storage. Calibration data remains in the storage.
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Use this function before you send the instrument to the service. If the instrument is used
in a secured environment, the function ensures that all sensitive data is removed before
the instrument leaves the secured area.

To start secure erase, select "OK". Do not turn off the instrument before the process has
been completed!

See also: document "Resolving Security Issues When Working in Secure Areas" that is
delivered on the documentation CD-ROM and on the R&S RTM internet web page.

Device Name
Enter the name of the instrument.

LED Intensity
Defines the luminosity of illuminated front panel keys and rotary knobs.
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14 Remote Control

14.1 Basics

This chapter provides basic information on operating an instrument via remote control.

14.1.1 Remote Control Interfaces

For remote control, the LAN, USB or the GPIB interface can be used. The GPIB interface
(Option RTM-B10) replaces the LAN / USB type B interface module on the rear panel.

Table 14-1: Remote control interfaces and protocols

Interface Protocols, address string Remarks

Local Area VXI-11 protocol: The LAN connector is located on the rear panel of
Network TCPIP::<IP_address>[::inst0]::INSTR | the instrument.

(LAN) See also:

Raw socket mode:

TCPIP::<IP_address>::<IP_port>::SO | ® chapter 14.1.1.1, "LAN Interface",

CKET on page 232

® chapter 14.1.2, "Setting Up a LAN Connec-
tion", on page 233

USB The instrument is addressed by the A USB type B connector is located on the rear panel
COM port number. of the instrument. Connection requires installation of
an USB driver. Contact your Rohde & Schwarz ser-
vice center to get the driver.

See also:
® chapter 14.1.1.2, "USB Interface",
on page 232
GPIB (IEC/ GPIB::primary address[::INSTR] An optional GPIB bus interface according to stand-
IEEE Bus (no secondary address) ard IEC 625.1/IEI_EE 488.1 can be mounted on the
Interface) rear panel of the instrument.

See also: chapter 14.1.1.3, "GPIB Interface (IEC/
|IEEE Bus Interface)", on page 232.

Within this interface description, the term GPIB is used as a synonym for the IEC/IEEE
bus interface.

SCPI compatibility

SCPI commands (Standard Commands for Programmable Instruments) are used for
remote control. The SCPI standard is based on standard IEEE 488.2 and aims at the
standardization of device-specific commands, error handling and the status registers.
The tutorial "Automatic Measurement Control - A tutorial on SCPI and IEEE 488.2" from
John M. Pieper (R&S order number 0002.3536.00) offers detailed information on con-
cepts and definitions of SCPI. The instrument supports the SCPI version 1999.
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SCPI-confirmed commands are explicitly marked in the command reference chapters.
Commands without SCPI label are device-specific, however, their syntax follows SCPI
rules.

14.1.1.1 LAN Interface

The R&S RTM is equipped with a network interface and can be connected to an Ethernet
LAN (local area network) for remote control of the instrument. The instrument accepts
remote commands via the LAN interface using the VISA library. VISA must be installed
on the control computer.

The R&S RTM supports two ways of LAN communication:

e VXI-11 protocol: a protocol that has been specifically developed for test and mea-
surement instruments. It is the recommended protocol for remote control via LAN.

e Raw socket mode: a synchronous, streaming oriented protocol. Consequently, raw
socket communication does not support asynchronous events like Service Request
(SRQ) or Device Clear (DCL).

See also: chapter 14.1.2, "Setting Up a LAN Connection", on page 233.

VXI-11 Protocol

The VXI-11 standard is based on the ONC RPC (Open Network Computing Remote
Procedure Call) protocol which in turn relies on TCP/IP as the network/transport layer.
The TCP/IP network protocol and the associated network services are preconfigured.
TCP/IP ensures connection-oriented communication, where the order of the exchanged
messages is adhered to and interrupted links are identified. With this protocol, messages
cannot be lost.

14.1.1.2 USB Interface

For remote control via the USB connection, the PC and the instrument must be connected
via the USB type B interface. The USB connection requires the VISA library and the USB
driver to be installed. VISA detects the R&S instrument at the assigned serial port when
the USB connection is established. You do not have to enter an address string.

Contact your Rohde & Schwarz service center to get the USB driver.

14.1.1.3 GPIB Interface (IEC/IEEE Bus Interface)

The GBIP interface is optional (option RTM-B10). It replaces the LAN / USB type B inter-
face module on the rear panel. Thus, remote control is possible either with LAN or USB
connection, or with GBIP.

To be able to control the instrument via the GPIB bus, the instrument and the controller
must be linked by a GPIB bus cable. A GPIB bus card, the card drivers and the program
libraries for the programming language must be provided in the controller. The controller
must address the instrument with the GPIB instrument address.

—
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Characteristics
The GPIB interface is described by the following characteristics:

e Up to 15 instruments can be connected

e The total cable length is restricted to a maximum of 15 m; the cable lenth between
two instruments should not exceed 2m.

e A wired "OR"-connection is used if several instruments are connected in parallel.
GPIB Instrument Address

In order to operate the instrument via remote control, it must be addressed using the
GPIB address. The remote control address is factory-set to 20, but it can be changed in
the network environment settings or in the "Setup" menu under "Interface > Parameter”.
For remote control, addresses 0 through 30 are allowed. The GPIB address is maintained
after a reset of the instrument settings.

14.1.2 Setting Up a LAN Connection

14.1.2.1 Connecting the Instrument to the Network

The network card can be operated with a 10 Mbps Ethernet IEEE 802.3 or a 100 Mbps
Ethernet IEEE 802.3u interface.

=1

Risk of network failure

Before connecting the instrument to the network or configuring the network, consult your
network administrator. Errors may affect the entire network.

» To establish a network connection, connect a commercial RJ-45 cable to one of the
LAN ports of the instrument and to a PC.

14.1.2.2 Configuring LAN Parameters

Depending on the network capacities, the TCP/IP address information for the instrument
can be obtained in different ways.

e If the network supports dynamic TCP/IP configuration using the Dynamic Host Con-
figuration Protocol (DHCP), and a DHCP server is available, all address information
can be assigned automatically.

e Otherwise, the address must be set manually. Automatic Private IP Addressing
(APIPA) is not supported.
See: "Configuring LAN parameters manually (no DHCP)" on page 234
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By default, the instrument is configured to use dynamic TCP/IP configuration and obtain
all address information automatically. This means that it is safe to establish a physical
connection to the LAN without any previous instrument configuration.

=1

Risk of network errors

Connection errors can affect the entire network. If your network does not support DHCP,
or if you choose to disable dynamic TCP/IP configuration, you must assign valid address
information before connecting the instrument to the LAN. Contact your network admin-
istrator to obtain a valid IP address.

Configuring LAN parameters manually (no DHCP)

1.

2
3.
4

Disconnect the R&S RTM from the LAN.
Restart the instrument.
Press the SETUP key and then the "Interface" softkey.

Wait about two minutes until the LAN menu is available. Press the "LAN" softkey.

Note: By default, the instrument is set to use DHCP. If the instrument cannot find a
DHCP server, it takes some time until the LAN settings can be accessed.

Press the "Parameter" softkey.

The "LAN settings" dialog box is displayed.

—
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Some data is displayed for information only and cannot be edited. This includes the
"MAC" (physical) address of the connector and the "Link" status information.

6. If the LAN does not support DHCP, or the instrument is directly connected with a
computer, disable DHCP: Press the "DHCP" softkey so that it is not highlighted (off).

7. Define the IP address of the instrument by entering each of the four blocks individu-
ally.

a) Define the first block number using the Navigation knob.
b) Press "Next" to move to the next block and define the number.
c) When the IP address is complete, press "Down" to continue with the next setting.

8. Define the "Subnetmask" and "Gateway" in the same way as the IP address.
9. Select the "IP Port" - the port number for raw socket communication.
10. Select the "HTTP Port" used by the instrument.

11. Select the "Transfer" mode. This mode can either be determined automatically
("Auto" setting), or you can select a combination of a transfer rate and half or full
duplex manually.
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12. Press "Save" to save the LAN parameters on the instrument.
The "Link" status information at the bottom of the dialog box indicates whether a LAN
connection was established successfully.

Checking LAN and SCPI connection

1. Check the LAN connection using ping: ping xxxX.yyy.zZzz.XxX.
2. If the computer can access the instrument, enter the IP address of the R&S RTM in
the address line of the internet browser on your computer: http/:xxx.yyy.zzz.xxx

The "Instrument Home" page appears. It provides information on the instrument and
the LAN connection.

i

- -

3. On the "Screen Data" page, a copy of the instrument screen is shown. To get the
current screen content from the instrument, click "Update”.
To save the screen copy, right-click the picture and select "Save picture as".

4. On the "SCPI Device Control" page, you can check if the transfer of remote com-
mands is working. You can enter a single command, for example; *1DN?, and trans-
mit it with "Send". Do not press the Enter key.

—
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14.1.2.3 Connecting with the Instrument: VISA Address String

Only the IP address of the instrument is required to set up the connection. It identifies the
instrument in the network and is part of the resource string used by the programs to
identify and control the instrument. Depending on the communication mode - VXI-11
protocol or raw socket mode - the resource string has different forms.

IP address and port number are listed in the "Ethernet Settings" of R&S RTM, see also:
chapter 14.1.2.2, "Configuring LAN Parameters", on page 233.

If the LAN is supported by a DNS server, the host name can be used instead of the IP
address. The DNS server (Domain Name System server) translates the host name to the
IP address. To assign a host name to the R&S RTM, select SETUP > "More" > "Device
Name".

VXI-11 protocol

TCPIP::<IP address>[::inst0]::INSTR

where:

e instO0 isthe LAN device name. VISA supports several devices running on the instru-

ment. On R&S RTM, only one device is configured, so the LAN device nhame can be
omitted.

e INSTR indicates that the VXI-11 protocol is used

Example: If the instrument has the IP address 192.1.2.3, the valid resource string is:
TCPIP::192.1.2.3::INSTR

With host name instead of IP address:
TCPIP::<host name>[::inst0]::INSTR

Example: If the computer name is RSRT1, the valid resource string is:
TCPIP::RSRT1::INSTR.
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Raw socket mode
TCPIP::<IP_ address>::<IP port>::SOCKET
The default port number for SCPI socket communication is 5025.

Example: If the instrument has the IP address 192.1.2.3; the valid resource string is:
TCPIP::192.1.2.3::5025::SOCKET

With host name instead of IP address:
TCPIP::<host name>::<IP port>::SOCKET

Example: If the host name is RSRTT1; the valid resource string is: TCPIP: :RSRT1: :
5025::SOCKET

ﬂ The end character must be set to linefeed.

14.1.3 Switching to Remote Control

When you switch on the instrument, it is always in manual operation state ("local" state)
and can be operated via the front panel.

When you send a command from the control computer, it is received and executed by
the R&S RTM. The display remains on, manual operation via the front panel is always
possible.

14.1.4 Messages and Command Structure

14.1.41 Messages

Instrument messages are employed in the same way for all interfaces, if not indicated
otherwise in the description.
See also:

® Structure and syntax of the instrument messages: chapter 14.1.4.2, "SCPI Command
Structure", on page 241

® Detailed description of all messages: chapter 14.2, "Command Reference",
on page 263
There are different types of instrument messages, depending on the direction they are
sent:
e Commands
e |nstrument responses

—
User Manual 1305.0595.02 — 08 238



R&S®RTM Remote Control

Basics

Commands

Commands (program messages) are messages the controller sends to the instrument.
They operate the instrument functions and request information. The commands are sub-
divided according to two criteria:

e According to the effect they have on the instrument:
— Setting commands cause instrument settings such as a reset of the instrument
or setting the frequency.

— Queries cause data to be provided for remote control, e.g. for identification of the
instrument or polling a parameter value. Queries are formed by directly appending
a question mark to the command header.

e According to their definition in standards:
— Common commands: their function and syntax are precisely defined in standard
IEEE 488.2. They are employed identically on all instruments (if implemented).
They refer to functions such as management of the standardized status registers,
reset and self test.

— Instrument control commands refer to functions depending on the features of
the instrument such as frequency settings. Many of these commands have also
been standardized by the SCPI committee. These commands are marked as
"SCPI compliant" in the command reference chapters. Commands without this
SCPI label are device-specific, however, their syntax follows SCPI rules as per-
mitted by the standard.

Instrument responses

Instrument responses (response messages and service requests) are messages the
instrument sends to the controller after a query. They can contain measurement results,
instrument settings and information on the instrument status.

LAN Interface Messages

In the LAN connection, the interface messages are called low—level control messages.
These messages can be used to emulate interface messages of the GPIB bus.

Command Long term Effect on the instrument
&ABO Abort Aborts processing of the commands just received.
&DCL Device Clear Aborts processing of the commands just received and sets

the command processing software to a defined initial state.
Does not change the instrument setting.

&GTL Go to Local Transition to the "local" state (manual control).
&GTR Go to Remote Transition to the "remote" state (remote control).
&GET Group Execute Trigger Triggers a previously active instrument function (e.g. a

sweep). The effect of the command is the same as with that
of a pulse at the external trigger signal input.

&LLO Local Lockout Disables switchover from remote control to manual control
by means of the front panel keys.
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Command Long term Effect on the instrument

&NREN Not Remote Enable Enables switchover from remote control to manual opera-
tion by means of the front panel keys

&POL Serial Poll Starts a serial poll.

GPIB Interface Messages

Interface messages are transmitted to the instrument on the data lines, with the attention
line (ATN) being active (LOW). They are used for communication between the controller
and the instrument and can only be sent by a computer which has the function of a GPIB
bus controller. GPIB interface messages can be further subdivided into:

e Universal commands: act on all instruments connected to the GPIB bus without
previous addressing

e Addressed commands: only act on instruments previously addressed as listeners

Universal Commands

Universal commands are encoded in the range 10 through 1F hex. They affect all instru-
ments connected to the bus and do not require addressing.

Command Effect on the instrument

DCL (Device Clear) Aborts the processing of the commands just received and sets the command
processing software to a defined initial state. Does not change the instrument
settings.

IFC (Interface Clear) *) Resets the interfaces to the default setting.

LLO (Local Lockout) The LOC/IEC ADDR key is disabled.

SPE (Serial Poll Enable) Ready for serial poll.

SPD (Serial Poll Disable) End of serial poll.

PPU (Parallel Poll Unconfig- | End of the parallel-poll state.

ure)

*) IFC is not a real universal command, it is sent via a separate line; however, it also affects all instruments
connected to the bus and does not require addressing

Addressed Commands

Addressed commands are encoded in the range 00 through OF hex. They only affect
instruments addressed as listeners.

Command Effect on the instrument

GET (Group Execute Trigger) Triggers a previously active instrument function (e.g. a sweep). The
effect of the command is the same as with that of a pulse at the
external trigger signal input.

GTL (Go to Local) Transition to the "local" state (manual control).

GTR (Go to Remote) Transition to the "remote" state (remote control).

—
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Command Effect on the instrument
PPC (Parallel Poll Configure) Configures the instrument for parallel poll.
SDC (Selected Device Clear) Aborts the processing of the commands just received and sets the
command processing software to a defined initial state. Does not
change the instrument setting.

14.1.4.2 SCPI Command Structure

SCPI commands consist of a so-called header and, in most cases, one or more param-
eters. The header and the parameters are separated by a "white space" (ASCII code 0
to 9, 11 to 32 decimal, e.g. blank). The headers may consist of several mnemonics (key-
words). 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.
Syntax for Common Commands

Common (=device-independent) commands consist of a header preceded by an asterisk
(*) and possibly one or more parameters.

Examples:

*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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Syntax for Device-Specific Commands

Not all commands used in the following examples are necessarily implemented in the
instrument.

For demonstration purposes only, assume the existence of the following commands for
this section:

e DISPlay[:WINDow<l...4>]:MAXimize <Boolean>

e FORMat:READings:DATA <type>[,<length>]

e HardCOPy:DEVice:COLor <Boolean>

e HardCOPy:DEVice:CMAP:COLor:RGB <red>,<green>,<blue>
e HardCOPy[:IMMediate]

e HardCOPy:ITEM:ALL

e HardCOPy:ITEM:LABel <string>

e HardCOPy:PAGE:DIMensions:QUADrant [<N>]

e HardCOPy:PAGE:0ORIentation LANDscape | PORTrait

e HardCOPy:PAGE:SCALe <numeric value>

e MMEMory:COPY <file source>,<file destination>

e SENSE:BANDwidth|BWIDth[:RESolution] <numeric value>
® SENSe:FREQuency:STOP <numeric value>

e SENSe:LIST:FREQuency <numeric value>{,<numeric value>}

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:
HardCOPy: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 man-
ual, the instrument itself is case-insensitive.

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.

—
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Example:

Definition: HardCOPy: PAGE : DIMensions: QUADrant [<N>]
Command: HCOP : PAGE : DIM: QUAD2

This command refers to the quadrant 2.

ﬂ Different numbering in remote control

For remote control, the suffix may differ from the number of the corresponding selection
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.

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 instru-
ment must recognize the long command to comply with the SCPI standard. Some com-
mands are considerably shortened by these optional mnemonics.

Example:
Definition: HardCOPy [ : IMMediate]
Command: HCOP: IMM is equivalent to HCOP

ﬂ 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<1...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 param-
eter with the suffix for the required window.

DISP:WIND2:MAX ON refers to window 2.

Parameters

Parameters must be separated from the header by a "white space". If several parameters
are specified in a command, they are separated by a comma (,). For a description of the
parameter types, refer to "SCP| Parameters" on page 244.

Example:
Definition:HardCOPy : DEVice :CMAP:COLor :RGB <red>, <green>, <blue>
Command:HCOP: DEV:CMAP:COL:RGB 3,32, 44
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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:HardCOPy : 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

[l

mnemonics in square brackets are optional and may be inserted into the header or omitted.
Example: HardCOPy [ : 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

SCPI Parameters

Many commands are supplemented by a parameter or a list of parameters. The param-
eters must be separated from the header by a "white space" (ASCIll code 0t0 9, 11 to 32
decimal, e.g. blank). Allowed parameters are:

Numeric values
Special numeric values
Boolean parameters
Text

Character strings
Block data

The parameters required for each command and the allowed range of values are speci-
fied in the command description.
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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 mantissa
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. In the case of physical quantities, the unit can be entered. Allowed unit prefixes
are G (giga), MA (mega), MOHM and MHZ are also allowed), K (kilo), M (milli), U (micro)
and N (nano). If the unit is missing, the basic unit is used.

Example: SENSe:FREQ:STOP 1.5GHz = SENSe:FREQ:STOP 1.5E9

Units

For physical quantities, the unit can be entered. Allowed unit prefixes are:

* G (giga)

e MA (mega), MOHM, MHZ
e K (kilo)

o M (milli)

e U (micro)

e N (nano)

If the unit is missing, the basic unit is used.

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.

Example:
HCOP:PAGE:SCAL 90PCT

Special numeric values

The texts listed below are interpreted as special numeric values. In the case of a query,
the numeric value is provided.

e MIN/MAX
MINimum and MAXimum denote the minimum and maximum value.

Example:
Setting command: SENSe:LIST: FREQ MAXimum
Query: SENS:LIST:FREQ?, Response: 3.5E9
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Queries for special numeric values

ﬂ The numeric values associated to MAXimum/MINimum can be queried by adding the
corresponding mnemonics to the command. They must be entered following the quota-
tion mark.
Example: SENSe:LIST:FREQ? MAXimum

Returns the maximum numeric value as a result.

Boolean Parameters

Boolean parameters represent two states. The "ON" state (logically true) is represented
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.

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 case of a query, the short form of the text is provided.

Example:

Setting command: HardCOPy: 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" or HCOP:ITEM:LABel 'Testl'
Block data

Block data is a format which is suitable for the transmission of large amounts of data. A
command using a block data parameter has the following structure:

—
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Example:

FORMat :READings:DATA #45168XXXXXXXX

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 following

digits indicate the length to be 5168 bytes. The data bytes follow. During the transmission
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.

Overview of Syntax Elements

The following table provides an overview of the syntax elements:

The colon separates the mnemonics of a command. In a command line the separating semicolon
marks the uppermost command level.

; The semicolon separates two commands of a command line. It does not alter the path.

, 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.

# The hash symbol introduces binary, octal, hexadecimal and block data.
e  Binary: #810110

e  Octal: #07612

e  Hexa: #HF3A7

e  Block: #21312

A "white space" (ASCII-Code 0 to 9, 11 to 32 decimal, e.g. blank) separates the header from the
parameters.

Structure of a command line

A command line may consist of one or several commands. It is terminated by one of the
following:

e a<New Line>

e a <New Line> with EOI

e an EOI together with the last data byte

Several commands in a command line must be separated by a semicolon ";". If the next
command belongs to a different command system, the semicolon is followed by a colon.

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.
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If the successive commands belong to the same system, having one or several levels in
common, the command line can be abbreviated. To this end, the second command after
the semicolon starts with the level that lies below the common levels. The colon following
the semicolon must be omitted in this case.

Example:
HCOP:ITEM ALL; HCOP:IMM

This command line is represented in its full length and contains two commands separated
from each other by the semicolon. Both commands are part of the HCOP command sys-
tem, i.e. they have one level in common.

When abbreviating the command line, the second command begins with the level below
HCOP. The colon after the semicolon is omitted. The abbreviated form of the command
line reads as follows:

HCOP:ITEM ALL; IMM
However, a new command line always begins with the complete path.

Example:
HCOP:ITEM ALL
HCOP: IMM

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.

e The requested parameter is transmitted without a header.
Example: HCOP: PAGE : ORI ?, Response: LAND

e 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

e 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 pre-
vious example stands for 3.5 GHz.

e 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
e Text (character data) is returned in a short form.
Example:
Setting command: HardCOPy : PAGE:ORIentation LANDscape
Query: HCOP : PAGE: ORI?
Response: LAND
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14.1.5 Command Sequence and Synchronization

IEEE 488.2 defines a distinction between overlapped and sequential commands:

e A sequential command is one which finishes executing before the next command
starts executing. Commands that are processed quickly are usually implemented as
sequential commands.

e Anoverlapping command is one which 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 do have to be executed in a defined order, e.g. in order to avoid wrong
measurement results, they must be serviced sequentially. This is called synchroni-
zation between the controller and the instrument.

Setting commands within one command line, even though they may be implemented as
sequential commands, are not necessarily serviced in the order in which they have been
received. In order to make sure that commands are actually carried out in a certain order,
each command must be sent in a separate command line.

Example: Commands and queries in one message

The response to a query combined in a program message with commands that affect the
queried value is not predictable.

The following commands always return the specified result:

:FREQ:STAR 1GHZ;SPAN 100 :FREQ:STAR?

Result:

1000000000 (1 GHz)

Whereas the result for the following commands is not specified by SCPI:

:FREQ:STAR 1GHz;STAR?;SPAN 1000000

The result could be the value of STARt before the command was sent since the instru-
ment might defer executing the individual commands until a program message terminator

is received. The result could also be 1 GHz if the instrument executes commands as they
are received.

ﬂ As a general rule, send commands and queries in different program messages.
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Example: Overlapping command with *OPC

The instrument implements SING1le as an overlapped (asynchronous) command.
Assuming that SING1e takes longer to execute than *OPC, sending the following com-
mand sequence results in initiating a sweep and, after some time, setting the opc bit in
the ESR:

SINGle; *OPC.

Sending the following commands still initiates a sweep:
SINGle; *OPC; *CLS
However, since the operation is still pending when the instrument executes *C1LS, forcing

it into the "Operation Complete Command Idle" State (OCIS), *Opc is effectively skipped.
The oPC bit is not set until the instrument executes another *OPC command.

14.1.5.1 Preventing Overlapping Execution

To prevent an overlapping execution of commands, one of the commands *OPC, *OPC?
or *WAI can be used. All three commands cause a certain action only to be carried out
after the hardware has been set. By suitable programming, the controller can be forced
to wait for the corresponding action to occur.

Table 14-2: Synchronization using *OPC, *OPC? and *WAI

Com- Action Programming the controller
mand
*OPC Sets the Operation Complete bit in the ESR e  Setting bit 0 in the ESE
after all previous commands have been execu- | ®  Setting bit 5 in the SRE
ted. e  Waiting for service request (SRQ)
*OPC? Stops command processing until 1 is returned. | Sending *OPC? directly after the command

This is only the case after the Operation Com- | whose processing should be terminated before
plete bit has been set in the ESR. This bit indi- | other commands can be executed.
cates that the previous setting has been com-

pleted.

*WAI Stops further command processing until all Sending *WAI directly after the command
commands sent before *WAI have been exe- | whose processing should be terminated before
cuted. other commands are executed.

Command synchronization using *WAI or *OPC? appended to an overlapped command
is a good choice if the overlapped command takes only little time to process. The two
synchronization techniques simply block overlapped execution of the command.

For time consuming overlapped commands it is usually desirable to allow the controller
or the instrument to do other useful work while waiting for command execution. Use one
of the following methods:

*OPC with a service request
1. Set the OPC mask bit (bit no. 0) in the ESE: *ESE 1
2. Setbit no. 5in the SRE: *SRE 32 to enable ESB service request.

3. Send the overlapped command with *OPC
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4. 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 *WAI

3. Poll the operation complete state periodically (by means of a timer) using the
sequence: *OPC; *ESR?

A return value (LSB) of 1 indicates that the overlapped command has finished.

*OPC? with short timeout
1. Send the overlapped command without *OPC, *OPC? or *WAI

2. Poll the operation complete state periodically (by means of a timer) using the
sequence: <short timeout>; *OPC?

3. Areturn value (LSB) of 1 indicates that the overlapped command has finished. In
case of a timeout, the operation is ongoing.

4. Reset timeout to former value

5. Clear the error queue with SYStem: ERRor? to remove the "-410, Query interrupted"”
entries.

Using several threads in the controller application

As an alternative, provided the programming environment of the controller application
supports threads, separate threads can be used for the application GUI and for controlling
the instrument(s) via SCPI.

A thread waiting for a *OPC? thus will not block the GUI or the communication with other
instruments.

14.1.6 Status Reporting System

The status reporting system stores all information on the current operating state of the
instrument, and on errors which have occurred. This information is stored in the status
registers and in the error queue. Both can be queried via GPIB bus or LAN interface
(STATus... commands).
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14.1.6.1 Structure of a SCPI Status Register

Each standard SCPI register consists of 5 parts. Each part has a width of 16 bits and has
different functions. The individual bits are independent of each other, i.e. each hardware
status is assigned a bit number which is valid for all five parts. Bit 15 (the most significant
bit) is set to zero for all parts. Thus the contents of the register parts can be processed
by the controller as positive integers.

Fig. 14-1: The status-register model

Description of the five status register parts
The five parts of a SCPI register have different properties and functions:

e CONDition
The CcONDition partis written into directly by the hardware or the sum bit of the next
lower register. Its contents reflect the current instrument status. This register part can
only be read, but not written into or cleared. Its contents are not affected by reading.
e PTRansition / NTRansition
The two transition register parts define which state transition of the CONDi tion part
(none, 0to 1, 1 to 0 or both) is stored in the EVENt part.
The Positive-TRansition part acts as a transition filter. When a bit of the
CONDition partis changed from 0 to 1, the associated PTR bit decides whether the
EVENt bit is set to 1.
— PTR bit =1: the EVENt bit is set.

— PTR bit =0: the EVENt bit is not set.

This part can be written into and read as required. Its contents are not affected by
reading.

The Negative-TRansition part also acts as a transition filter. When a bit of the
CONDition partis changed from 1 to 0, the associated NTR bit decides whether the
EVENt bit is set to 1.

— NTR bit =1: the EVENt bit is set.

— NTR bit =0: the EVENt bit is not set.

—
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This part can be written into and read as required. Its contents are not affected by
reading.
e EVENt
The EVENt part indicates whether an event has occurred since the last reading, it is
the "memory" of the condition part. It only indicates events passed on by the transition
filters. It is permanently updated by the instrument. This part can only be read by the
user. Reading the register clears it. This part is often equated with the entire register.
e ENABIe
The ENABle part determines whether the associated EVENt bit contributes to the
sum bit (see below). Each bit of the EVENt part is "ANDed" with the associated
ENABle bit (symbol '&"). The results of all logical operations of this part are passed
on to the sum bit via an "OR" function (symbol '+').
ENABle bit = 0: the associated EVENt bit does not contribute to the sum bit
ENABle bit = 1: if the associated EVENt bit is "1", the sum bit is set to "1" as well.
This part can be written into and read by the user as required. Its contents are not
affected by reading.

Sum bit

The sum bit is obtained from the EVENt and ENAB1e part for each register. The result is
then entered into a bit of the CONDition part of the higher-order register.

The instrument automatically generates the sum bit for each register. Thus an event can
lead to a service request throughout all levels of the hierarchy.

14.1.6.2 Hierarchy of status registers

As shown in the following figure, the status information is of hierarchical structure.

—
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Fig. 14-2: Overview of the status registers hierarchy

e STB, SRE
The STatus Byte (STB) register and its associated mask register Service Request
Enable (srRE) form the highest level of the status reporting system. The STB provides
a rough overview of the instrument status, collecting the information of the lower-level
registers.

e ESR, SCPI registers
The STB receives its information from the following registers:
— The Event Status Register (ESR) with the associated mask register standard

Event Status Enable (ESE).

— The STATus:0PERation and STATus:QUEStionable registers which are
defined by SCPI and contain detailed information on the instrument.

e Output buffer
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The output buffer contains the messages the instrument returns to the controller. It
is not part of the status reporting system but determines the value of the MAV bit in
the sTB and thus is represented in the overview.

All status registers have the same internal structure.

SRE, ESE

The service request enable register SRE can be used as ENAB1e part of the STB if the
STB is structured according to SCPI. By analogy, the ESE can be used as the ENABle
part of the ESR.

14.1.6.3 Contents of the Status Registers
In the following sections, the contents of the status registers are described in more detail.

Status Byte (STB) and Service Request Enable Register (SRE)

The STatus Byte (STB)is already defined in IEEE 488.2. It provides a rough overview
of the instrument status by collecting the pieces of information of the lower registers. A
special feature is that bit 6 acts as the sum bit of the remaining bits of the status byte.

The STB can thus be compared with the CONDition part of an SCPI register and
assumes the highest level within the SCPI hierarchy.

The STB is read using the command *STB? or a serial poll.

The STatus Byte (STB)is linked to the Service Request Enable (SRE) register.
Each bit of the STB is assigned a bit in the SRE. Bit 6 of the SRE is ignored. If a bit is set
in the SRE and the associated bit in the STB changes from 0 to 1, a service request
(SRQ) is generated. The SRE can be set using the command *SRE and read using the
command *SRE?.

Table 14-3: Meaning of the bits used in the status byte

Bit No. | Meaning

0...1 Not used

2 Error Queue not empty

The bit is set when an entry is made in the error queue. If this bit is enabled by the SRE, each
entry of the error queue generates a service request. Thus an error can be recognized and speci-
fied in greater detail by polling the error queue. The poll provides an informative error message.
This procedure is to be recommended since it considerably reduces the problems involved with
remote control.

3 QUEStionable status register summary bit

The bit is set if an EVENt bit is set in the QUEStionable status register and the associated
ENABle bitis set to 1. A set bit indicates a questionable instrument status, which can be specified
in greater detail by querying the STATus: QUEStionable status register.

4 MAV bit (message available)

The bit is set if a message is available in the output queue which can be read. This bit can be used
to enable data to be automatically read from the instrument to the controller.

—
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Bit No. | Meaning

5 ESB bit

Sum bit of the event status register. It is set if one of the bits in the event status register is set and
enabled in the event status enable register. Setting of this bit indicates a serious error which can
be specified in greater detail by polling the event status register.

6 MSS bit (master status summary bit)

The bit is set if the instrument triggers a service request. This is the case if one of the other bits of
this registers is set together with its mask bit in the service request enable register SRE.

7 STATus: OPERation status register summary bit

The bit is set if an EVENt bit is set in the OPERat ion status register and the associated
ENABle bitis set to 1. A set bit indicates that the instrument is just performing an action. The type
of action can be determined by querying the STATus : OPERation status register.

Event Status Register (ESR) and Event Status Enable Register (ESE)

The ESR is defined in IEEE 488.2. It can be compared with the EVENt part of a SCPI
register. The event status register can be read out using command *ESR?.

The ESE corresponds to the ENAB1e part of a SCPI register. If a bit is set in the ESE and
the associated bit in the ESR changes from 0 to 1, the ESB bit in the STB is set. The ESE
register can be set using the command *EsE and read using the command *ESE?.

Table 14-4: Meaning of the bits used in the event status register

Bit No. | Meaning

0 Operation Complete
This bit is set on receipt of the command *OPC exactly when all previous commands have been
executed.

1 Not used

2 Query Error

This bit is set if either the controller wants to read data from the instrument without having sent a
query, or if it does not fetch requested data and sends new instructions to the instrument instead.
The cause is often a query which is faulty and hence cannot be executed.

3 Device-dependent Error

This bit is set if a device-dependent error occurs. An error message with a number between -300
and -399 or a positive error number, which denotes the error in greater detail, is entered into the
error queue.

4 Execution Error

This bit is set if a received command is syntactically correct but cannot be performed for other
reasons. An error message with a number between -200 and -300, which denotes the error in
greater detail, is entered into the error queue.

5 Command Error

This bit is set if a command is received, which is undefined or syntactically incorrect. An error
message with a number between -100 and -200, which denotes the error in greater detail, is
entered into the error queue.

—
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Bit No. | Meaning

6 User Request

This bit is set when the instrument is switched over to manual control.

7 Power On (supply voltage on)

This bit is set on switching on the instrument.

STATus:OPERation Register

In the CONDi tion part, this register contains information on which actions the instrument
is being executing. In the EVENt part, it contains information on which actions the instru-
ment has executed since the last reading. It can be read using the commands
STATus:0PERation:CONDition? Oor STATus:OPERation[:EVENt]?.

See also: figure 14-2

The remote commands for the STATus:OPERation register are described in chap-
ter 14.2.16.1, "STATus:OPERation Register", on page 426.

Table 14-5: Bits in the STATus:OPERation register

Bit No. | Meaning

0 ALIGnment

This bit is set as long as the instrument is performing a self alignment.

1 SELFtest

This bit is set while the selftest is running.

2 AUToset

This bit is set while the instrument is performing an auto setup.

3 WTRIgger

This bit is set while the instrument is waiting for the trigger.

4to14 Not used

15 This bit is always 0.

STATus:QUEStionable Register

This register contains information about indefinite states which may occur if the unit is
operated without meeting the specifications. It can be read using the commands
STATus:QUEStionable:CONDition? on page 428 and STATus:
QUEStionable[:EVENt]? on page 429

—
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Fig. 14-3: Overview of the STATus:QUEStionable register

Table 14-6: Bits in the STATus:QUEStionable register

Bit No. | Meaning

Oto2 not used

3 COVerload

This bit is set if a questionable channel overload occurs (see "STATus:QUEStionable:COVerload
register" on page 259).

4 TEMPerature

This bit is set if a questionable temperature occurs (see "STATus:QUEStionable:TEMPerature
register" on page 259).

5t07 Not used
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Bit No. | Meaning

8 NOALigndata

This bit is set if no alignment data is available - the instrument is uncalibrated.

9 LIMit

This bit is set if a limit value is violated (see "STATus:QUEStionable:LIMit register"
on page 259).

10to 11 | Not used

12 MASK

This bit is set if a mask value is violated (see "STATus:QUEStionable:MASK register”
on page 260

13 to 14 | Not used

15 This bit is always 0.

STATus:QUEStionable:COVerload register

This register contains all information about overload of the channels. The bit is set if the
assigned channel is overloaded.

Table 14-7: Bits in the STATus:QUEStionable:COVerload register

Bit No. | Meaning

0 CHANnell
1 CHANnel2
2 CHANnel3
3 CHANnel4d

STATus:QUEStionable:TEMPerature register

This register contains information about the instrument's temperature.

Table 14-8: Bits in the STATus:QUEStionable: TEMPerature register

Bit No. | Meaning

0 TEMP WARN

This bit is set if a temperature warning on channel 1, 2, 3 or 4 occured.

1 TEMP ERRor

This bit is set if a temperature error on channel 1, 2, 3 or 4 occured.

STATus:QUEStionable:LIMit register

This register contains information about the observance of the limits of measurements.
This bit is set if the limits of the main or additional measurement of the assigned mea-
surement are violated.

—
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Table 14-9: Bits in the STATus:QUEStionable:LIMit register

Bit No. | Meaning
0 MEAS1
1 MEAS2
2 MEAS3
3 MEAS4

STATus:QUEStionable:MASK register

This register contains information about the violation of masks. This bit is set if the
assigned mask is violated.

Table 14-10: Bits in the STATus:QUEStionable:MASK register

Bit No. | Meaning

0 MASK1

14.1.6.4 Application of the Status Reporting System

The purpose of the status reporting system is to monitor the status of one or several
devices in a measuring system. To do this and react appropriately, the controller must
receive and evaluate the information of all devices. The following standard methods are
used:

e Service request (SRQ) initiated by the instrument

e Serial poll of all devices in the bus system, initiated by the controller in order to find
out who sent a SRQ and why

e Parallel poll of all devices
e Query of a specific instrument status by means of commands
e Query of the error queue

Service Request

Under certain circumstances, the instrument can send a service request (SRQ) to the
controller. Usually this service request initiates an interrupt at the controller, to which the
control program can react appropriately. As evident from figure 14-2, an SRQ is always
initiated if one or several of bits 2, 3, 4, 5 or 7 of the status byte are set and enabled in
the SRE. Each of these bits combines the information of a further register, the error queue
or the output buffer. The ENAB1 e parts of the status registers can be set such that arbitrary
bits in an arbitrary status register initiate an SRQ. In order to make use of the possibilities
of the service request effectively, all bits should be set to "1" in enable registers SRE and
ESE.

The SRQ is the only possibility for the instrument to become active on its own. Each
controller program should cause the instrument to initiate a service request if errors occur.
The program should react appropriately to the service request.

—
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Serial Poll

In a serial poll, just as with command *STB, the status byte of an instrument is queried.
However, the query is realized via interface messages and is thus clearly faster.

The serial poll method is defined in IEEE 488.1 and used to be the only standard possi-
bility for different instruments to poll the status byte. The method also works for instru-
ments which do not adhere to SCPI or IEEE 488.2.

The serial poll is mainly used to obtain a fast overview of the state of several instruments
connected to the controller.

Query of an instrument status

Each part of any status register can be read using queries. There are two types of com-
mands:

e The common commands *ESR?, *IDN?, *IST?, *STB? query the higher-level reg-
isters.

e The commands of the STATus system query the SCPI registers
(STATus:QUEStionable...)

The returned value is always a decimal number that represents the bit pattern of the
queried register. This number is evaluated by the controller program.

Queries are usually used after an SRQ in order to obtain more detailed information on
the cause of the SRQ.

Decimal representation of a bit pattern

The STB and ESR registers contain 8 bits, the SCPI registers 16 bits. The contents of a
status register are specified and transferred as a single decimal number. To make this
possible, each bit is assigned a weighted value. The decimal number is calculated as the
sum of the weighted values of all bits in the register that are set to 1.

|
-—

Example:

The decimal value 40 = 32 + 8 indicates that bits no. 3 and 5 in the status register (e.g.
the QUEStionable status summary bit and the ESB bit in the STatus Byte ) are set.

Error Queue

Each error state in the instrument leads to an entry in the error queue. The entries of the
error queue are detailed plain text error messages that can be looked up in the Error Log
or queried via remote control using SYSTem:ERRor [ :NEXT] ? or
SYSTem:ERRor:ALL?. Each call of SYSTem:ERRor [ : NEXT] ? provides one entry from
the error queue. If no error messages are stored there any more, the instrument responds
with 0, "No error".

—
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The error queue should be queried after every SRQ in the controller program as the
entries describe the cause of an error more precisely than the status registers. Especially
in the test phase of a controller program the error queue should be queried regularly since
faulty commands from the controller to the instrument are recorded there as well.

14.1.6.5 Reset Values of the Status Reporting System

The following table contains the different commands and events causing the status
reporting system to be reset. None of the commands, except *RST and

SYSTem: PRESet, influence the functional instrument settings. In particular, DCL does
not change the instrument settings.

Table 14-11: Resest of the status reporting system

Event Switching on supply | DCL, SDC | *RST or STA- *CLS
voltage (Device SYS- Tus:PRE-
Power-On-Status- Clear, Tem:PRE-| Set
Clear Selected Set
Device
Effect 0 1 Clear)
Clear STB, ESR - yes - - - yes
Clear SRE, ESE - yes - - - -
Clear EVEN parts of the regis- | - yes - - - yes
ters
Clear ENABIe parts of all - yes - - yes -
OPERation and QUEStionable
registers;
Fill ENABIe parts of all other reg-
isters with "1".
Fill PTRansition parts with "1"; | - yes - - yes -
Clear NTRansition parts
Clear error queue yes yes - - - yes
Clear output buffer yes yes yes 1) 1) 1)
Clear command processing and | yes yes yes - - -
input buffer
1) The first command in a command line that immediately follows a <PROGRAM MESSAGE TERMINATOR>
clears the output buffer.

14.1.7 General Programming Recommendations

Initial instrument status before changing settings

Manual operation is designed for maximum possible operating convenience. In contrast,
the priority of remote control is the "predictability” of the instrument status. Thus, when a
command attempts to define incompatible settings, the command is ignored and the

instrument status remains unchanged, i.e. other settings are not automatically adapted.

—
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Therefore, control programs should always define an initial instrument status (e.g. using
the *RST command) and then implement the required settings.

Command sequence

As a general rule, send commands and queries in different program messages. Other-
wise, the result of the query may vary depending on which operation is performed first
(see also Preventing Overlapping Execution).

Reacting to malfunctions

The service request is the only possibility for the instrument to become active on its own.
Each controller program should instruct the instrument to initiate a service requestin case
of malfunction. The program should react appropriately to the service request.

Error queues

The error queue should be queried after every service request in the controller program
as the entries describe the cause of an error more precisely than the status registers.
Especially in the test phase of a controller program the error queue should be queried
regularly since faulty commands from the controller to the instrument are recorded there
as well.

14.2 Command Reference

This chapter provides the description of all remote commands available for R&S RTM.
The commands are sorted according to the menu structure of the instrument. A list of

commands in alphabetical order ist given in the "List of Commands" at the end of this

documentation.

14.2.1 Conventions used in Remote Command Description

Note the following conventions used in the remote command descriptions:

e 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 explicitely.

e 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.

e Conformity
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Commands that are taken from the SCPI standard are indicated as SCPI con-
firmed. All commands used by the R&S RTM follow the SCPI syntax rules.

e Asynchronous commands
A command which does not automatically finish executing before the next command
starts executing (overlapping command) is indicated as an Asynchronous com-
mand.

o Reset values (*RST)
Default parameter values that are used directly after resetting the instrument (*RST
command) are indicated as *RST values, if available.

14.2.2 Common Commands

Common commands are described in the IEEE 488.2 (IEC 625-2) standard. These com-
mands have the same effect and are employed in the same way on different devices.
The headers of these commands consist of "*" followed by three letters. Many common
commands are related to the Status Reporting System.

Available common commands:

L7 264
O T 264
T =TT 265
T PP 265
10 P 265
FOP G e 265
L L I 265
P S e 266
B PP 266
O RE . e e e 266
RS 1= OO P PRSP 266
FTRG et 267
LIRS 2 72 267
FWAL L e 267
*CAL?

Calibration Query

Initiates a calibration of the instrument and subsequently queries the calibration status.
Responses > 0 indicate errors.

Usage: Query only

*CLS
Clear Status

Sets the status byte (STB), the standard event register (ESR) and the EVENt part of the
QUEStionable and the OPERation registers to zero. The command does not alter the
mask and transition parts of the registers. It clears the output buffer.

—
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Usage: Setting only

*ESE <Value>
Event Status Enable

Sets the event status enable register to the specified value. The query returns the con-
tents of the event status enable register in decimal form.

Parameters:
<Value> Range: 0 to 255

*ESR?
Event Status Read

Returns the contents of the event status register in decimal form and subsequently sets
the register to zero.

Return values:

<Contents> Range: 0 to 255
Usage: Query only
*IDN?

IDeNtification: returns the instrument identification.

Return values:

<ID> "Rohde&Schwarz,<device type>,<serial number>,<firmware ver-
sion>"

Example: Rohde&Schwarz,RTO,1316.1000k14/200153,1.30.0.25

Usage: Query only

*OPC

OPeration Complete

Sets bit 0 in the event status register when all preceding commands have been executed.
This bit can be used to initiate a service request. The query form writes a "1" into the
output buffer as soon as all preceding commands have been executed. This is used for
command synchronization.

*OPT?
OPTion identification query

Queries the options included in the instrument. For a list of all available options and their
description refer to the CD-ROM.

—
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Return values:

<Options> The query returns a list of options. The options are returned at
fixed positions in a comma-separated string. A zero is returned for
options that are not installed.

Usage: Query only

*PSC <Action>
Power on Status Clear

Determines whether the contents of the ENAB1e registers are preserved or reset when
the instrument is switched on. Thus a service request can be triggered when the instru-
ment is switched on, if the status registers ESE and SRE are suitably configured. The
query reads out the contents of the "power-on-status-clear" flag.

Parameters:
<Action> 011
0
The contents of the status registers are preserved.
1
Resets the status registers.
*RST
ReSeT

Sets the instrument to a defined default status. The default settings are indicated in the
description of commands.

Usage: Setting only

*SRE <Contents>
Service Request Enable

Sets the service request enable register to the indicated value. This command determines
under which conditions a service request is triggered.

Parameters:

<Contents> Contents of the service request enable register in decimal form.
Bit 6 (MSS mask bit) is always 0.
Range: 0 to 255

*STB?

STatus Byte query
Reads the contents of the status byte in decimal form.

Usage: Query only

—
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*TRG
TRiGger

Triggers all actions waiting for a trigger event. In particular, *TRG generates a manual
trigger signal (Manual Trigger). This common command complements the commands of
the TRIGger subsystem.

Usage: Event

*TST?
self TeST query

Triggers selftests of the instrument and returns an error code in decimal form (see Service
Manual supplied with the instrument). "0" indicates no errors occured.

Usage: Query only

*WAI
WAILt to continue

Prevents servicing of the subsequent commands until all preceding commands have
been executed and all signals have settled (see also command synchronization and
*OPC).

Usage: Event

14.2.3 General Remote Settings and Queries

This chapter describes commands that have effect on many other commands in different
applications of the instrument.

FORMEILDATAL e eeereeeeeeeeeeeeresesesesesesesesesesesesestasaseseseseseseeeseesessesesesesessssesesaseseseeeeeeens 268
L@ = 1 =T ] {0 1T 269
CHANNEISKM>DATAIXORIGIN?...eetutieeeeiieieeeeeeeetieeeeeeet e e eeeesteseeseetaaeeesesaneeeeeeraaeeeerrananns 269
CHANnNel<m>:DATA:ENVEIOPE: XORIGIN?....cceeieieiiiiceie e e e e eeeetee s e e e e e e e eeetra s e e e e e e e eestaaaaeeas 269
CALCulate:MATH<M>:DATAIXORIGIN?. ...ttt ettt e e et e e e e e e e enas 269
REFCUrVE<mM>:DATAXORIGIN. ..ttt eeeeeeeeeeeteee e e e e e e e e e eeeee e e e e e e e e e eeeeeannaae e e eeeeeeeeeennnnnnn 269
CHANNEISKM>DATAIXINCIEMENE?. . .ceeiieeeeeetieeeeeiee e e et e e e et e e e e eaae e e e e eaa e e e e eea e e eeeananss 270
CHANNel<m>:DATA:ENVeIope: XINCremMENt?........ccuuiieeeieiiiiieeeeeeetieeeeeeeete e e e ereneeeeeeeennanes 270
CALCulate:MATH<M>:DATAXINCIEMENT?...ccuiiiriieieeeeeeeeeeeeeeeteee s e e e e e e e e e e e eeeenrn e e as 270
REFCUrve<m>:DATAXINCIEMENL?......ccceieiieeeeeeieieie e ese s e s e e e e eaeeeeeeeeeeeeeeseeeesenennnnanaaas 270
CHANNEISM>IDATAIY ORIGIN 2. ettt ettt et et et e e e e e e e e e en e eneenas 270
CHANRNel<m>:DATAENVEIOPE:YORIGIN?. ...ciieieeeiieteeee e et e e e e e e e e e eee e 270
CALCulate:MATH<M>:DATAIYORIGIN?...ceeeeeeeeeeeeeeeeieieeeeeaae e e e e e e e e e e e e e eeeeeeeentnneeaaeeaeeeeeens 270
REFCUNVE<M>:DATAIYORIGIN?. .. ueeieeeeeeieeiieieaee e e e e e e e e eeteereae e e e e eeeeereeessaaaeeeeeeeeenneennnnnn 270
CHANNEISKM>:DATAIYINCIEMEN?.cceiieieeie e e e eeeeeeeeieteeeie e e e e e e e e eeeaeraae e e s e e e e e eeeeeennaaaeeeeas 270
CHANNel<m>:DATA:ENVEIOPe:YINCIremMeENt?........ccvueieeeieiiiiieeeeeeetieeeeeeeete e e e eetae e e e e eeennanss 270
CALCulate:MATH<M>:DATAIYINCIEMEN?...cvuiiitieieieeeeeeeeeeeeesiareee s e e e e e e e s e eeeerenra e e e as 270

—
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REFCUrVE<M>:DATAIYINCIEMENE?....uiieeeieieee et eeeee et ee e e e e e e e e e ee e s ebeeereaeeeenneerens 270
CHANNEISKM>:DATAYRESOIUIION?...uieeeietieeeeeeiee e ee et e e s eete e e e e e e eabe e e e e eenb s e e e eeesnnanns 271
CHANNel<m>:DATA:ENVEIOPe:YRESOIULON?...vuiieiiriieeeiiiieeeeeieeeeeeeee e e eete e e e eenn e e eenanes 271
CALCulate:MATH<M>:DATA:YRESOIULION?....cuiiiie ittt e e e e enenes 271
REFCUrve<m>:DATAYRESOIULION?....uuuieeieeteeeeeeeeteeeee et e e e e eetee e e e eeaiaeeeeeeaaeeeeeenneeeeeenan 271

FORMat[:DATA] <DataFormat>,<Accuracy>

Defines the format for data export with

® CHANnel<m>:DATA? on page 283

® CHANnel<m>:DATA:ENVelope? on page 284

® (CATLCulate:MATH<m>:DATA? on page 332

® REFCurve<m>:DATA? on page 311

Parameters:
<DataFormat>

ASCii | REAL | UINTeger

ASCii

List of values, for example, 1.23,1.22,1.24,..

<Accuracy> is 0 which means that the instrument selects the num-
ber of digits to be returned. The query returns ASC,0.

REAL

Binary format. <Accuracy> is 32. The query returns REAL,32.
The data is stored as binary data (Definite Length Block Data
according to IEEE 488.2). Each waveform value is formatted in 32
Bit IEEE 754 Floating-Point-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 number
1024 = number of following data bytes (= 1024 in the example)
<value> = 4-byte floating point values

UINTeger

Unsigned integer format, binary values with length 8 bit (1 byte per
sample), 16 bit (2 bytes per sample) or 32 bit (4 bytes per sample):
UINT, 8 or UINT, 16 or UINT, 32.

The data range for UINT, 8 is 0 to 255, the data range for

UINT, 16 is 0 to 65.535 and for UINT, 16 is 232 - 1.

For data conversion, you need the results of following commands:
...:DATA:XORigin?; ...:DATA:XINCrement?; ..:DATA:
Yorigin?; ...:DATA:YINCrement?; ... :DATA:
YRESolution?. They are described below in this chapter. The
way of data conversion is described in chapter 14.3.1.2, "Reading
Waveform Data in Unsigned Integer Format", on page 431.

32 bit data is relevant for average waveforms if averaging 512 or
1024 waveforms. The resulting data is 17 bits long (512 wave-
forms) or 18 bit (1024 waveforms).

*RST: ASC

—
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<Accuracy> 0]8]16]32

Length of a data value in bit
0 - for ASC only

32 - for REAL

8 16| 32 - for UINT

*RST: 0

Example: Set the ASCII data format:
FORM ASC

Example: Query for data format:
FORM?
-> ASC,0

Example: Set the unsigned integer format, 16 bit data length:
FORM UINT, 16

FORMat:BORDer <ByteOrder>

Defines the byte order for binary data export if FORMat [ : DATA] is set to REAL or

UINT,16|32.
Parameters:
<ByteOrder> MSBFirst | LSBFirst
MSBFirst
Big endian, most significant byte first
LSBFirst
Little endian, least significant byte first
*RST: MSBF
Example: See chapter 14.3.1.1, "Reading Waveform Data from Memory",
on page 430
ByteOrder 8 bit 16 bit 32 bit
MSBF Oxab 0xAB CD 0xAB CD 00 00
LSBF not relevant 0xCD AB 0x00 00 CD AB

CHANnel<m>:DATA:XORigin?
CHANnel<m>:DATA:ENVelope:XORigin?
CALCulate:MATH<m>:DATA:XORigin?
REFCurve<m>:DATA:XORigin?

Return the time of the first sample of the indicated waveform.

The commands are relevant for data conversion if binary data format is defined
(FORM UINT, 8]16]32).

Return values:
<Xorigin> Timeins

—
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Example: See chapter 14.3.1.2, "Reading Waveform Data in Unsigned Inte-
ger Format", on page 431

Usage: Query only

CHANnel<m>:DATA:XINCrement?
CHANnNel<m>:DATA:ENVelope:XINCrement?
CALCulate:MATH<m>:DATA:XINCrement?
REFCurve<m>:DATA:XINCrement?

Return the time difference between two adjacent samples of the indicated waveform.

The commands are relevant for data conversion if binary data format is defined
(FORM UINT, 8|16|32).

Return values:
<Xincrement> Timeins

Example: See chapter 14.3.1.2, "Reading Waveform Data in Unsigned Inte-
ger Format", on page 431

Usage: Query only

CHANnel<m>:DATA:YORigin?
CHANnNel<m>:DATA:ENVelope:YORigin?
CALCulate:MATH<m>:DATA:YORigin?
REFCurve<m>:DATA:YORigin?

Return the voltage value for binary value 0 of the indicated waveform.

The commands are relevant for data conversion if binary data format is defined
(FORM UINT, 8]16]32).

Return values:
<Yorigin> Voltage in V

Example: See chapter 14.3.1.2, "Reading Waveform Data in Unsigned Inte-
ger Format", on page 431

Usage: Query only

CHANnel<m>:DATA:YINCrement?
CHANnel<m>:DATA:ENVelope:YINCrement?
CALCulate:MATH<m>:DATA:YINCrement?
REFCurve<m>:DATA:YINCrement?

Return the voltage value per bit of the indicated waveform.

The commands are relevant for data conversion if binary data format is defined
(FORM UINT, 8|16|32).

Return values:
<Yincrement> Voltage in V

—
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Example: See chapter 14.3.1.2, "Reading Waveform Data in Unsigned Inte-
ger Format", on page 431

Usage: Query only

CHANnel<m>:DATA:YRESolution?
CHANnNel<m>:DATA:ENVelope:YRESolution?
CALCulate:MATH<m>:DATA:YRESolution?
REFCurve<m>:DATA:YRESolution?

Return the vertical bit resolution of the indicated waveform.

The commands are relevant for data conversion if binary data format is defined
(FORM UINT, 8|16|32).

Return values:

<Yresolution> For default waveforms, the resolution is 8 bit.
If high resolution, average or filter are set for the waveform, the
resolution is 16 bit.

Example: See chapter 14.3.1.2, "Reading Waveform Data in Unsigned Inte-
ger Format", on page 431

Usage: Query only

14.2.4 Acquisition and Setup

e Starting and Stopping ACQUISItION......ceiiiiiiiieiie e 271
O TIME BaSE....ciieiiiiiiiccci ettt te e e e e e e e e e e e e e e e e et e e e rar b ———— 272
L I oo U131 o T 274
Y =Ty ([or=| IO UPPRRPO 278
A oYY o]y o 1 DT | o= SRR 283
L I o 0] 1=t U 286

14.2.4.1 Starting and Stopping Acquisition

RUN . ¢ttt ettt ettt et ettt et e et e e eeeeaeaeeeeeeeeeaaaasasastssbanseeeeeeeeaaaaaaaaaasaeesaaaannsnns 271
RUNCONTINOUS. ...ceeeeeieeiitiititeeeaeaeseeeeeeeaaaeeeeteeeeeeesetsas s s —aaaaasasaeaaaaaaaaeesereeeeessrsssnsnnnnnnnnns 272
SIN G .ttt e e ee et e e ea et et eear et e e eanenaeaaanans 272
N S e P 272
ACQUIrE:INSINGIEICOUNL...eevurierurireiiieieieeeeeereeeeeeeeeteteereeeerererrsrasan—— e seeeeeeesseeserserereees 272
S 1L ] PPN 272
RUN

Starts the continuous acquisition.

Usage: Event
Asynchronous command

—
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RUNContinous
Same as RUN.

Usage: Event
Asynchronous command

SINGle

Starts a defined number of acquisitions. The number of acquisitions is set with
ACQuire:NSINgle:COUNt.

Usage: Event
Asynchronous command

RUNSingle
Same as SINGle.

Usage: Event
Asynchronous command

ACQuire:NSINgle:COUNt <NSingleCount>

Sets the number of waveforms acquired with RUNSingle.

Parameters:

<NSingleCount> Number of waveforms
Range: 1 to 10
Increment: 1
*RST: 1

STOP

Stops the running acquistion.

Usage: Event
Asynchronous command

Time Base

TIMEDASEISCALE. ..uueeieieieeeeeeeieee ettt eeae s e e e eeeeaeee et eeeeeeesets s b s b seseseaeaaaaseseeseeennrns 273
TIMEDASEIRATIME?.cuuuueieeeeeeieeeeett e ie et e e e e eeeeerab i raaeseeeaeeeeeassbas e seeeeaeseressrsasnnseseaaseeneens 273
TIMEDASEIACQTIME. ..ceue it et e et et ee et e e et e e et e e et e e etaeeeenaeeetaaeeennsaeennaaeennaaeennaeenn 273
TIMEDASEIRANGE. ... et e et e e et e e et e e e et e e et e e eneeeeaa e eenneaeens 273
TIMEDASEIDIVISIONS?. ... e e et e e e e e e eeean 273
TIMEDASE P OSItION. c.ettttitieeeieeeeee e ettt eeee e e e eeeeeeeeeeett et e aeeeeeaaeseseeessssasannsaeaaasaseeneens 274
TIMEDASEIREFEIENCE. .....ceeeeeveiiiiiiitiiiieeeeeieeeeeeeeeeeeeeeeeeeeeeeeeerersrsab b e seseeeasaaaasaseeees 274
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TIMebase:SCALe <TimeScale>
Sets the horizontal scale for all channel and math waveforms.

Parameters:
<TimeScale> Range: 1e-9 to 50; lower limits are possible if zoom or FFT
is enabled.
Increment: 1, 2, 5 progression, for example, 1 ms/div, 2 ms/div,
5 ms/div, 10, 20, 50...
*RST: 100e-6
Default unit: s/div

TIMebase:RATime?

Queries the real acquisition time used in the hardware. If FFT analysis is performed, the
value can differ from the adjusted acquisition time (TIMebase : ACQTime).

Return values:
<HWAcqTime> Range: Depends on various settings
Default unit: s

Usage: Query only

TIMebase:ACQTime <AcquisitionTime>

Defines the time of one acquisition, that is the time across the 10 divisions of the diagram:
Timebase Scale*10.

Parameters:
<AcquisitionTime>  *RST: 1ms
Default unit: s

TIMebase:RANGe <AcquisitionTime>

Defines the time of one acquisition, that is the time across the 10 divisions of the diagram:
Timebase Scale*10.

Parameters:
<AcquisitionTime>  Range and increment depend on time base and other settings

*RST: 1ms
Default unit: s

TIMebase:DIVisions?
Queries the number of horizontal divisions on the screen.

Return values:

<HorizDivCount> Range: 10 to 10
Increment: 0
*RST: 10
Default unit: div

—
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Usage: Query only

TIMebase:POSition <Offset>

Defines the trigger position (trigger offset) - the time interval between trigger point and
reference point to analize the signal some time before or after the trigger event.

See also: TIMebase :REFerence on page 274

Parameters:

<Offset> Range: Depends on time base setting
*RST: 0
Default unit: s

TIMebase:REFerence <ReferencePoint>

Sets the reference point of the time scale (Time Reference) in % of the display. The
reference point defines which part of the waveform is shown. If the trigger position is zero,
the trigger point matches the reference point.

See also: TTMebase: POSition on page 274

Parameters:
<ReferencePoint> Range: 10 to 90

Increment: 10

*RST: 50

Default unit: %
Acquisition
F A oY== =N 274
ACQUITEIMODEL......cctuieeieiiiiee e eeee e e e et tie e e e et e e e e ettt e eeeeaataeesresnaeeseasansaeseetnneeeessnneaeens 275
ACQUITE:INTEIPOIALE. .. eeruieeeeetiee e e et eie e e e ettt ee e e e ettt ee e e e e eeteeeeesestaeeeseetaneeeeesaneeeseennnaaaeens 275
F O @ U N = o T @ 1 N U 275
ACQUITEIVRAT ... eee et e ettt e et e et e e et e e e et ee et eeeeaaaeeaneeeenn e sesaaaeesnnaernnnaarens 276
(07 2 AN N TS R o 4 bl I = = 276
CHANNEISM> AR TRMETICS . ..eevvueeiieieeie e ee et ee e et e e e e e e e e e e reabe e e e e reaaa s e e s eeaan e eereannanes 277
TIMEDASEIROLLIENABIE. ... cceeiie ettt e e et e et e e et e e e e e eae e s e e e ran e eenneeean 277
ACQUIrE:FILTErFREQUENCY . ..uuiieiiitieeeeeeitteieeeetteeeeeeetaaeseeseataseessestnsaesestaneaesesnnnaeaeens 277
ACQUINE P OINES AR AT 2. et eeie it e et e et e ee et e e et e et e e et eeta e ate e et aeeanseenaaeeanaennnnenen 278
A C QUITE S R A T B . ettt ettt ettt ettt ettt et e st sa et eae s saesarasaransnrtasnsensnstnsnsensnesnrnnnnnnns 278
AUToscale

Performs an autoset process: analyzes the enabled channel signals, and obtains appro-
priate horizontal, vertical, and trigger settings to display stable waveforms.

Usage: Event
Asynchronous command

—
User Manual 1305.0595.02 — 08 274



R&S®RTM Remote Control

Command Reference

ACQuire:MODE <AcquisitionMode>

Selects the method of adding waveform points to the samples of the ADC in order to fill
the record length.

Parameters:
<AcquisitionMode> RTIMe | ETIMe

RTIMe

Real Time Mode: At slow time base settings the sampled points
of the input signal are used to build the waveform, no waveform
points are added. With fast time base settings, the sample rate is
higher than the ADC sample rate. Waveform samples are added
to the ADC samples with sin(x)/x interpolation.

ETIMe

Equivalent time: The waveform points are taken from several
acquisitions of a repetive signal at a different time in relation to the
trigger point.

*RST: RTIME

ACQuire:INTerpolate <Interpolation>
Defines the interpolation mode.

See also: "Interpolation” on page 26

Parameters:
<Interpolation> SINX
LINear
Linear interpolation between two adjacent sample points.
SINX
Interpolation by means of a sin(x)/x curve.
SMHD
Sample & Hold causes a histogram-like interpolation.
*RST: SINX

ACQuire:AVERage:COUNt <AverageCount>

Defines the number of waveforms used to calculate the average waveform. The higher
the number, the better the noise is reduced.

Parameters:

<AverageCount> Only numbers from the 2" progression are permitted (2, 4, 8, ...)
Range: 2 to 1024
*RST: 2
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ACQuire:WRATe <WaveformRate>

Defines the mode to set the sample rate (samples per second saved in the memory) and
the waveform acquisition rate (waveforms per second).

Parameters:
<WaveformRate> AUTO | MWAVeform | MSAMples

AUTO

To display the best waveform, the instrument selects the optimum
combination of waveform acquisition rate and sample rate using
the full memory depth.

MWAVeform

Maximum waveform rate: The instrument combines sample rate
and memory depth to acquire at maximum waveform acquisition
rate. In connection with persistence, the mode can display rare
signal anomalies.

MSAMples

Maximum sample rate: The instrument acquires the signal at max-
imum sample rate and uses the full memory depth. The resultis a
waveform with maximum number of waveform samples, high
degree of accuracy, and low risk of aliasing.

*RST: AUTO

CHANnRel<m>:TYPE <DecimationMode>

Selects the method to reduce the data stream of the ADC to a stream of waveform points
with lower sample rate.

Suffix:

<m> The command affects all channels regardless of the indicated
channel number. The suffix can be omitted.

Parameters:

<DecimationMode> SAMPIle | PDETect | HRESolution

SAMPle

Input data is acquired with a sample rate which is aligned to the
time base (horizontal scale) and the record length.

PDETect

Peak Detect: the minimum and the maximum of n samples in a
sample interval are recorded as waveform points.
HRESolution

High resolution: The average of n sample points is recorded as
waveform point.

*RST: SAMPle

—
User Manual 1305.0595.02 — 08 276



R&S®RTM Remote Control

Command Reference

CHANnel<m>:ARIThmetics <TrArithmetic>

Selects the method to build the resulting waveform from several consecutive acquisitions

of the signal.

Suffix:

<m> The command affects all channels regardless of the indicated
channel number. The suffix can be omitted.

Parameters:

<TrArithmetic> OFF | ENVelope | AVERage | SMOoth | FILTer

OFF
The data of the current acquisition is recorded according to the
decimation settings.

ENVelope
Detects the minimum and maximum values in an sample interval
over a number of acquisitions.

AVERage

Calculates the average from the data of the current acquisition and
a number of acquisitions before. The number of used acquisitions
is set with ACQuire:AVERage: COUNt.

SMOoth

Calculates a mean value of several adjacent sample points. Thus,
smoothing is a moving average that uses the full data and can be
used for non-periodic signals. It works like a low-pass, and increa-
ses the vertical resolution at the expense of bandwidth reduction.

FILTer

Sets a low-pass filter with 3 db attenuation at a configurable limit
frequency set with ACQuire:FILTer: FREQuency. The filter
removes higher frequencies from the channel signals.

*RST: OFF

TIMebase:ROLL:ENABIe <Roll>
Enables the roll mode.

Parameters:
<Roll> ON | OFF

*RST: OFF

ACQuire:FILTer:FREQuency <FilterFrequency>
Sets the limit frequency for CHANnel<m>:ARIThmetics is setto FILTer.

Parameters:
<FilterFrequency> Limit frequency with 3 dB attenuation

Default unit; Hz

—
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ACQuire:POINts:ARATe?

Retrieves the sample rate of the ADC, that is the number of points that are sampled by
the ADC in one second.

Return values:
<AcquisitionRate> ADC sample rate

Range: 2.5E3 to S5E9
Increment: 1E3
*RST: 5E9
Default unit: Hz

Usage: Query only

ACQuire:SRATe?
Returns the sample rate, that is the number of recorded waveform samples per second.

Return values:
<SampleRate> Range: 2 to 1E11
Increment: depends on time base, waveform rate, number of
active channels
*RST: 1E7
Default unit: Sa/s

Usage: Query only

14.2.4.4 \Vertical

CHANNE KM S S T AT . e titte it e ieetie e ettt ee e e ettt ee e e ettt e e e e e eet e eeeeetasaesaatasaeseatansaerennaseessnnanns 278
CHANNEISM> I COUPIING. c.etueieeieetiiieeeeeeteeee et tee e e ettt ee e e e e eetaeeeesesbseeseetan e eeeresaaeeeeesannnns 279
(07 R T N = B s b AN I YRR 279
CHANNEISMSIRANGE. ....ceueii e e e et e et e e e e e e e e e eeenaas 279
(07 o N N oY= R 4 et = @ 1] e o TR 280
(07 N N Y= R 4 B O T Y= 280
CHANNEISKM>BANDWIALN. ... eetiieeeeiiiie et e et e e e e et e e e e e e ere e e e e ent e e e eeesananns 280
CHANNEISMS P OLAIY . ..eeeeeeiiieeeeieeteiee et e e e ettt ee e e e ettt s e e e eesta e eeeeestaeeeereataneeeeesnnnnnns 281
CHANNEISM>:OVERIOAU. ....cuuieeiietiieeeeiieieeeeeieetieeeeseete i eeseetaaeeeseraneeesresnaeeereranaeeeeerannnns 281
(07 2 VAN [ 1o B o 4 D] S L 281
CHANNEISKM>THRESNOIA. .. .o et 282
(07 VN N oY= R ¢ et Y = = 282
(0] VN N Yo R g g B I = =Y R 1A = T 282

CHANnel<m>:STATe <State>
Switches the channel signal on or off.

Suffix:
<m> Selects the input channel. The number of channels depends on
the instrument.

—
User Manual 1305.0595.02 — 08 278



R&S®RTM Remote Control

Command Reference

Parameters:
<State> ON | OFF

CHANnel<m>:COUPIing <Coupling>

Selects the connection of the indicated channel signal.

Suffix:
<m> Selects the input channel. The number of channels depends on
the instrument.
Parameters:
<Coupling> DC | DCLimit | AC | ACLimit
DC
Direct connection with 50 Q termination.
DCLimit
Direct connection with 1 MQ termination.
AC

Connection through DC capacitor that removes the DC offset volt-
age from the input signal.

ACLimit
Connection through DC capacitor with 1 MQ termination. The
capacitor removes the DC offset voltage from the input signal.

*RST: DCLimit

CHANnel<m>:SCALe <Scale>

Sets the vertical scale for the indicated channel.

Suffix:

<m> Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<Scale> Scale value, given in Volts per division.
Range: 1e-3 to 10; without probe attenuation
*RST: 5e-3

Default unit: V/div

CHANnel<m>:RANGe <Range>

Sets the voltage range across the 10 vertical divisions of the diagram. Use the command
alternativly instead of CHANnel<m>:SCALe.

Suffix:
<m> Selects the input channel. The maximum channel number is
instrument-dependent.
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Parameters:

<Range> Voltage range value
Range: 8e-3 to 80; without probe attenuation
*RST: 40e-3

Default unit; V

CHANnNel<m>:POSition <Position>

Sets the vertical position of the indicated channel and its horizontal axis in the window.

Suffix:

<m> Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<Position> Position value, given in divisions.
Range: -5 to 5
*RST: 0

Default unit: div

CHANnNel<m>:0FFSet <Offset>

The offset voltage is subtracted to correct an offset-affected signal.

Suffix:
<m> Selects the input channel. The number of channels depends on
the instrument.
Parameters:
<Offset> Offset value
Range: Values depend on vertical scale and probe attenua-
tion.
Increment: Value depends on vertical scale and probe attenua-
tion.

Default unit: V

CHANnel<m>:BANDwidth <BandwidthLimit>
Selects the bandwidth limit for the indicated channel.

Suffix:
<m> Selects the input channel. The number of channels depends on
the instrument.
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Parameters:
<BandwidthLimit> FULL | B400 | B200 | B20

FULL
Use full bandwidth.

B400 | B200 | B20
Limit to 400MHz, 200 MHz, or 20 MHz respectively.

*RST: FULL

CHANnNel<m>:POLarity <Polarity>

Turns the inversion of the signal amplitude on or off. To invert means to reflect the voltage
values of all signal components against the ground level. Inversion affects only the display
of the signal but not the trigger.

Suffix:

<m> Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<Polarity> NORMal | INVerted

*RST: NORM

CHANnNel<m>:0OVERIload <Overload>

Retrieves the overload status of the specified channel from the status bit. When the
overload problem is solved, the command resets the status bit.

Suffix:

<m> Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<Overload> ON | OFF
Use OFF to reset the overload status bit.
*RST: OFF

Example: CHANnel2:0VERload?

Queries the overload status of channel 2.
CHANnel2:0VERload OFF

Resets the overload status bit.

CHANnel<m>:SKEW <Skew>

Skew or deskew compensates delay differences between channels caused by the dif-
ferent length of cables, probes, and other sources. Correct deskew values are important
for accurate triggering.

Suffix:
<m> Selects the input channel. The number of channels depends on
the instrument.
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Parameters:
<Skew> Deskew value

Default unit: s

CHANnel<m>:THReshold <Threshold>

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> Selects the input channel. The number of channels depends on
the instrument.
Parameters:
<Threshold> Default values are:
TTL: 1,4V
ECL:-1,3V
CMOS: 2,5V
*RST: 14

Default unit: V

CHANnel<m>:LABel <Label>

Specifies a name for the selected channel.

Suffix:

<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<Label> String value

String with max. 8 characters, only ASCII characters can be used

CHANnel<m>:LABel:STATe

Shows or hides the channel name.

Suffix:

<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<State> ON | OFF

*RST: OFF

—
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14.2.4.5 Waveform Data

Remote Control

Command Reference

Consider also the following commands:

FORMat [ : DATA] on page 268

CHANnel<m>:
CHANnel<m>:
CHANnel<m>:
CHANnel<m>:
CHANnel<m>:
CHANnel<m>:
CHANnel<m>:
CHANnel<m>:
CHANnel<m>:

CHANnel<m>:

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

:ENVelope:
:ENVelope:
:ENVelope:
:ENVelope:

:ENVelope:

:XINCrement? on page 270
:XORigin? on page 269
:YINCrement? on page 270
:YORigin? on page 270

:YRESolution? on page 271

XINCrement? on page 270
XORigin? on page 269
YINCrement? on page 270
YORigin? on page 270

YRESolution? on page 271

(01 1o N[0T R 0 B 19N IR 283
CHANRNEISM S D AT AT HEAD I .. ettt et s e e e e s e s e s e s e s e e ennenns 284
CHANNEISM> DATAIENVEIOPE?. .. it eeeeeeeiettiteeie e e e e ee ettt e se e e e e e e eeeas b e s eeeeeeeresbaaaeeeeas 284
CHANNel<m>:DATAENVEIOPEHEADEI?.......oeeveereririiiiieieeieseeeeeeeeeeeeeeeeeessrarann e seeeens 284

CHANnel<m>:DATA:POINts

CHANnel<m>:DATA?

Returns the data of the channel waveform points for transmission from the instrument to
the controlling computer. The waveforms data can be used in MATLAB, for example.

To set the export format, use FORMat [ : DATA] on page 268.

To set the range of samples to be returned, use CHANnel <m>:DATA?.

For envelope waveforms, use the CHANnel<m>:DATA:ENVelope? command.

Suffix:
<m>

Return values:
<Data>

Example:

Example:

Usage:

anua g

Selects the input channel. The number of channels depends on
the instrument.

List of values according to the format settings - the voltages of
recorded waveform samples.

FORM ASC

CHAN1 :DATA?
-0.125000,-0.123016,-0.123016,-0.123016,
-0.123016,-0.123016, ...

See chapter 14.3.1, "Data Export", on page 430

Query only
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CHANnel<m>:DATA:HEADer?

Returns information on the channel waveform. For envelope waveforms, use the
CHANnel<m>:DATA:ENVelope:HEADer? command.

Table 14-12: Header data

Position Meaning Example

1 XStartins -9.477E-008 = - 94,77 ns

2 XStop in's 9.477E-008 = 94,77 ns

3 Record length of the waveform in Samples 200000

4 Number of values per sample interval, usually 1. 1
Suffix:
<m> Selects the input channel. The number of channels depends on

the instrument.

Return values:
<DataHeader> Comma-separated value list

Example: -9.477E-008,9.477E-008,200000,1

Usage: Query only

CHANnNel<m>:DATA:ENVelope?

Returns the data of the envelope. The envelope consists of two waveforms. The wave-
forms data can be used in MATLAB, for example.

Use this command only for envelope waveforms. For other channel waveforms use
CHANnel<m>:DATA?.

To set the export format, use FORMat [ : DATA] on page 268.
To set the range of samples to be returned, use CHANnel<m>:DATA?.

Suffix:
<m> Selects the input channel. The number of channels depends on
the instrument.

Return values:

<Data> List of values according to the format settings - the voltages of the
envelope points. The list contains two values for each sample
interval.

Usage: Query only

CHANnNel<m>:DATA:ENVelope:HEADer?
Returns information on the envelope waveform.

Use this command only for envelope waveforms. for all other channel waveforms use
CHANnel<m>:DATA:HEADer?.

—
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Table 14-13: Header data

Position Meaning Example
1 XStartins -9.477E-008 = - 94,77 ns
2 XStopin's 9.477E-008 = 94,77 ns
3 Number of samples 200000
4 Number of values per sample interval. For envelope | 2
waveforms the value is 2.

Suffix:
<m>

Return values:
<DataHeader> Comma-separated value list
Example: -9.477E-008,9.477E-008,200000, 2

Usage: Query only

CHANnNel<m>:DATA:POINts <Points>

As a setting, the command selects a range of samples that will be returned with
CHANnel<m>:DATA? and CHANnel<m>:DATA:ENVelope?. As a query, it returns the
number of returned samples for the selected range.

If ACQuire:WRATe is set to MSAMples (maximum sample rate), the memory usually
contains more data samples than the screen can display. In this case, you can decide
which data will be saved: samples stored in the memory or only the displayed samples.

Note: The sample range can be change only in STOP mode. If the acquisition is running,
DEF is always used automatically. If the acquisition has been stopped, data can be read
from the memory, and all settings are available.

Suffix:
<m> The command affects all channels, and the suffix is irrelevant.

—
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Setting parameters:
<Points> DEFault | MAXimum | DMAXimum

Sets the range for data queries.

DEFault
Waveform samples that are visible as waveform points on the
screen.

MAXimum
All waveform samples that are stored in the memory. Only avail-
able if acquisition is stopped.

DMAXimum

Display maximum: Waveform samples stored in the current wave-
form record but only for the displayed time range. At maximum
waveform rate, the instrument stores more samples than visible
on the screen, and DMAX returns more values than DEF. Only
available if acquisition is stopped.

*RST: DEFault

Return values:
<Points> Number of data points in the selected range.

Default unit: Samples

Example: CHAN:DATA:POIN DEF
CHAN:DATA:POIN?; : CHAN2 : DATA: POIN?
Returned values: 10416;10416
CHAN:DATA:POIN DMAX
CHAN:DATA:POIN?; : CHAN2 : DATA: POIN?
Returned values: 124992;124992
CHAN:DATA:POIN MAX
CHAN:DATA:POIN?; : CHAN2 : DATA: POIN?
Returned values: 4194302;4194302

Example: See chapter 14.3.1.1, "Reading Waveform Data from Memory",
on page 430

14.2.4.6 Probes

PROBe<m>:SETUP:ATTENUAtON[ZAUTO]?...cevuieeeeeiieeeeeetteeeeeeeteeeeeeesneeeesesnneseeressneseerenns 287
PROBe<m>:SETUP:ATTENUatiON:UNIT ...t e et e e e e e e e e e e e e e eeenan 287
PROBe<m>:SETUp:ATTenuation:MANUAL..........ciiiiiiiii e e e e e e e e e e eeae e e e eean 287
PROBe<m>:SETUP:BANDWIAINT. ....utueeieie e e e e ee e e e e e e e e e e e e e e e e e e eeeeneeees 287
PROBE<M>:SETUP:CAPACIHANCE?.....cieieeeeeeeeeieieieetieeeaaaaeseseeeseeeaeaeeeeeeeeeeeaeeeeensnnnnnnnnans 288
PROBE<M>:SETUP:DCOFRTSEE?.cciiuteiiiiiiiiieiee et i e e e eetie e e e eete e e e e e eabe s e e s eetaaaeeeseenaneesenenan 288
PROBE<M>:SETUP:IMPEAANCE?....vuuiiieiiitiieeieetiieeeeettteeeeeeeataeeeeseetaseeseesanaeaesesraneesessnns 288
PROBE<M>:SETUP:MODE ...t s e e e e e eas 289
PROBE<M>:SETURINAME 2. ... e e e e e e e e e e e e e e e e e e e e e e eens 289
PROBe<M>:SETUP:OFFSWILCN. ..uuiiii e e e e 289
PROBESM > SETUDP TY PE?. i eeeeeieee it ae e e e e e e e e e e e et et a e e e e e e e e e eaeeeeeeneneensnnnnns 289
PROBE<M>:SETUPIUOFFSEL....ciiiiiiieeieieeeceiiiieteeese e e e e e e e e e e ee et ae s e e e e e e e e e eeeeneeeennnnaans 290
(e RO SR g | D = U e PP 290

—
User Manual 1305.0595.02 — 08 286



R&S®RTM Remote Control

Command Reference

PROBE<M>:ID:PARTNUMDEI?. ...ccuiieieeetee et et e et e e e e e e e e eae e e e e e e e e eaeeeanns 290
PROBE<M>:ID:PRDAIE?....ccuuuieieeieiiiiieeeeeetttieiee e ettt aeeeeesesta e eeesstataseeeseesnnaeeeerentanaaaeens 291
PROBE<M>:ID:SRNUMDEI?. ... iieiiitiieeeeeettieieesetteaeeeeetttaeeeeeestnaaeessestasaeseetaaeeesesrnnaeesersans 291
PROBESM>:ID:SWVEISION?...cevvuieeeeiietieeeeieetaaeeeeeetstaeeeesertaaeeesestanaeseeseesaasesserrnaeessensann 291

PROBe<m>:SETup:ATTenuation[:AUTO]?
Returns the attenuation of an automatically detected probe.

Suffix:
<m> Selects the input channel. The number of channels depends on
the instrument.

Return values:
<ProbeAttenuation> Range: 0.001 to 1000

Usage: Query only

PROBe<m>:SETup:ATTenuation:UNIT <Unit>

Selects the unit that the probe can measure.

Suffix:

<m> Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<Unit> VI]A

Firmware/Software: FW 03.700

PROBe<m>:SETup:ATTenuation:MANual <ManualAttenuation>

Sets the attenuation or gain of the probe if the probe was not detected by the instrument.

Suffix:

<m> Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<ManualAttenuation> Range: 0.001 to 10000

*RST: 1
Firmware/Software: FW 03.700

PROBe<m>:SETup:BANDwidth?
Queries the bandwidth of the probe.

Suffix:
<m> Selects the input channel. The number of channels depends on
the instrument.

—
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Return values:

<Bandwidth> Range: 10e5 to 20e8
Increment: 10
Default unit: Hz

Usage: Query only

PROBe<m>:SETup:CAPacitance?
Queries the input capacity of the probe.

Suffix:
<m> Selects the input channel. The number of channels depends on
the instrument.

Return values:

<InputCapacitance> Range: 0.1e-12 to 1.0e-9
Increment: 1.0e-12
Default unit: F

Usage: Query only

PROBe<m>:SETup:DCOFfset?

Retrieves the DC voltage that is measured by the integrated voltmeter of R&S active
probes. Switch the voltmeter on before, see PROBe<m>: SETup: OFFSwitch
on page 289.

Suffix:
<m> Selects the input channel. The number of channels depends on
the instrument.

Return values:

<Offset> Range: -1.0e26 to 1.0e-26
Increment: 1e-3
Default unit: V

Usage: Query only

PROBe<m>:SETup:IMPedance?
Queries the termination of the probe.

Suffix:
<m> Selects the input channel. The number of channels depends on
the instrument.

Return values:
<Termination> 500HmM | TMOHmM | UNKNown

Usage: Query only

—
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PROBe<m>:SETup:MODE <Mode>

Select the action that is started with the probe button.

Suffix:

<m> Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<Mode> RCONtinuous | RSINgle | AUToset | NOACtion

RCONtinuous
Run continuous: The acquisition is running as long as the probe
button is pressed.

RSINgle

Run single: starts one acquisition.

AUTOSET

Starts the autoset procedure.

NOACtion

Nothing is started on pressing the micro button.
*RST: RCONtinuous

PROBe<m>:SETup:NAME?
Queries the name of the probe.

Suffix:
<m> Selects the input channel. The number of channels depends on
the instrument.

Return values:
<Name> string

Usage: Query only

PROBe<m>:SETup:0OFFSwitch <DCOffsetOnOff>
Switches the integrated voltmeter of an R&S active probe on or off.

The command is only available if an R&S active probe with R&S ProbeMeter is used.

Suffix:

<m> Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<DCOffsetOnOff> ON | OFF

*RST: OFF

PROBe<m>:SETup:TYPE?
Queries the type of the probe.

—
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Suffix:
<m> Selects the input channel. The number of channels depends on
the instrument.

Return values:
<Type> NONE | ACTive | PASSive

NONE
not detected

ACTive
active probe

PASSive
passive probe

Usage: Query only

PROBe<m>:SETup:UOFFset <UserOffset>

Sets an additional probe offset.

Suffix:

<m> Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<UserOffset> Range: Depends on the probe characteristics.

*RST: 0
Default unit: V

PROBe<m>:ID:BUILd?
Queries the build number of the probe software.

Suffix:
<m> Selects the input channel. The number of channels depends on
the instrument.

Return values:
<BuildNumber> 32 bit number

Range: 0 to 4294967295
Increment: 1

Usage: Query only

PROBe<m>:ID:PARTnumber?
Queries the R&S part number of the probe.

Suffix:
<m> Selects the input channel. The number of channels depends on
the instrument.
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Return values:
<PartNumber> string

Returns the part number in a string.

Usage: Query only

PROBe<m>:ID:PRDate?
Queries the production date of the probe.

Suffix:
<m> Selects the input channel. The number of channels depends on
the instrument.

Return values:
<ProductionDate> string

Returns the date in a string.

Usage: Query only

PROBe<m>:ID:SRNumber?
Queries the serial number of the probe.

Suffix:
<m> Selects the input channel. The number of channels depends on
the instrument.

Return values:
<SerialNumber> string

Usage: Query only

PROBe<m>:ID:SWVersion?
Queries the version of the probe firmware.

Suffix:
<m> Selects the input channel. The number of channels depends on
the instrument.

Return values:
<SoftwareVersion>  string

Returns the version number in a string.

Usage: Query only

14.2.5 Trigger

o General A Trigger SEettiNgS. ... e e 292
L T T T I 4 T T [ S 294
L I VAT T o 4 e o = 295
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L VAo T=Yo YA NV I 4T T 1T 296
L I = 11 0= o o T I T o= U 298
L I T I T T 1Y U 299

14.2.5.1 General A Trigger Settings

TRIGQENAIMODE. ... i ieeiitiie et e ettt e e et e e e e e et eeeeeeta e eeseeanaeesrasanaeseetnnaeesstnnaaeens 292
TRIGQENALEVEISNS [:IVALUE] 1.t eeieereieeiette e e et ette e e e ettteeeeeeateeessetaaeesestasaesestaasaerennansaees 292
TRIGENAIFINDIBVEL .. .cciieeieieeeieeeeetitieeeese s e e e e e aeaeee et e e e e e eeeerate st a e seseeeaaaasaeeeeeseeennnns 292
TRIGGEIAISOURCE. ...t e et ettt e e e e e e e e ettt et et s e e et e e e aaaeeeeeeessnsaaaeeeaaaaaaeeananes 293
TRIGGErEXTErN:COUPIING.....eieeeiiieiieieiet e e e e e e e e e e e e e e e e e eeeeenaeaee e e e e e e e eeeeaaaeeeeeeennanes 293
IR =Y A I SRR 293
QI R oY AW o N S =TT 293
TRIGQErAHOLDOTIME.....iiitiiieieeeeitiieiee ettt et e e e e eettaeeeeseeate s eeeeeetaaeeeerestaaeeesenranaaaeens 294

TRIGger:A:MODE <TriggerMode>

Sets the trigger mode. The trigger mode determines the behaviour of the instrument if no
trigger occurs.

Parameters:
<TriggerMode> AUTO | NORMal

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.

NORMal

The instrument acquires a waveform only if a trigger occurs.
*RST: AUTO

TRIGger:A:LEVel<n>[:VALue] <Level>

Sets the trigger treshold voltage for all A trigger types that require a trigger level.

Suffix:

<n> Selects the trigger input. 1...4 select the corresponding channel,
5 is the external trigger input. The number of channels depends
on the instrument.

Parameters:

<Level> Range: Depends on vertical scale.

Default unit: V

TRIGger:A:FINDlevel
Sets the trigger level of the A-trigger event to 50% of the signal amplitude.

Usage: Event

—
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TRIGger:A:SOURce <Source>

Sets the trigger source for the selected A trigger type.

Parameters:

<Source> CH1 | CH2 | CH3 | CH4 | EXTernanalog | LINE | SBUS

CH1 | CH2 | CH3 | CH4
One of the input channels is the trigger source. Available channels
depend on the instrument type.

EXTernanalog
External Trigger Input on the rear panel

LINE
AC line for the edge trigger

SBUS
Serial bus

TRIGger:EXTern:COUPIling <ExternCoupling>

Sets the coupling for the external trigger input. The command is relevant if TRIGger :
B:SOURce is set to EXTernanalog.

Parameters:
<ExternCoupling> AC | DC
*RST: AC

TRIGger:A:TYPE <Type>
Sets the trigger type for the A trigger.

Parameters:
<Type> EDGE | WIDTh | TV | BUS | LOGic
EDGE: edge trigger
WIDTh: width trigger
TV: video trigger
BUS: only available if at least one option R&S RTM-K1 or R&S
RTM-K2 is installed.
LOGic: pattern trigger, logic trigger
See: chapter 11, "Protocol Analysis", on page 144

TRIGger:A:HYSTeresis <Hysteresis>

Sets a hysteresis range around the trigger level of the A trigger event. If the signal jitters
inside this range and crosses the trigger level thereby, no trigger event occurs.

Hysteresis is available for edge and width trigger.

Parameters:
<Hysteresis> AUTO | SMALI | MEDium | LARGE

*RST: AUTO
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TRIGger:A:HOLDoff:TIME <HoldOffTime>
Defines the holdoff time. The next trigger occurs only after the holdoff time has passed.

Parameters:
<HoldOffTime> Default unit: s

14.2.5.2 Edge Trigger

TRIGGENAIEDGE:SLOPE. ... et e ettt e e e e e e e e et e e eas e e e e e e e e e eeeeeanaeaeeeeeeeeeenes 294
TRIGGErAIEDGE:COUPING.....ceteieeeiiuaeieeeeeeeeeeteteeaas s e eseeeeneaentanaaeeeeeeeeeneeesnnaaaaeeaaaernnns 294
TRIGQEN A EDGE:FILTEILPASS......ciceevttiiiieieeeeeeeeeetreee s e e e e eeeeeabaae s e eeeeeseeesasbaseeeaaseeees 295
TRIGQErA:EDGE:FILTENNREUJEC....cevvtieieeiietieie ettt e et e e e et e e e e e e enbe e e e e e ee b as 295

TRIGger:A:EDGE:SLOPe <Slope>

Sets the slope for the edge trigger (A trigger).
Parameters:

<Slope> POSitive | NEGative | EITHer

POSitive

Rising edge, a positive voltage change
NEGative

Falling edge, a negative voltage change

ElTHer
Rising as well as the falling edge

*RST: POSitive

TRIGger:A:EDGE:COUPIling <Coupling>

Sets the coupling for the trigger source.

Parameters:

<Coupling> DC | AC | HF
DC
Direct Current coupling. The trigger signal remains unchanged.
AC

Alternating Current coupling. A 5 Hz high pass filter removes the
DC offset voltage from the trigger signal.

HF

High frequency coupling. A 15 kHz high-pass filter removes lower
frequencies from the trigger signal. Use this mode only with very
high frequency signals.

*RST: DC

—
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TRIGger:A:EDGE:FILTer:LPASs <State>

Turns an additional 5 kHz low-pass filter in the trigger path on or off. This filter removes
higher frequencies and is available with AC and DC coupling.

Parameters:
<State> ON | OFF

*RST: OFF

TRIGger:A:EDGE:FILTer:-NREJect <State>

Turns an additional 100 MHz low-pass filter in the trigger path on or off. This filter removes
higher frequencies and is available with AC and DC coupling.

Parameters:
<State> ON | OFF
*RST: OFF
14.2.5.3 Width Trigger

TRIGQENAM IDTNIPOLAIIY...cettuieeeeiiiieeeeeiiiee e e eetiereeeeete s eeeeeteseeeettaeeseeraeeesastaasaerennaneeens 295
TRIGGENRAMIDTNIRANGE. ... . ceiietteieeeeetie e e e ettt ae e e e e ettt e seeseetataaeeeertanasaeserstaasasserrnnaeaeens 295
TRIGGEN ANV D TN DE LT A, et eieee ettt et e et et et et e e e et e e a e e e e enaeeaaaennns 296
TRIGGENAWIDTIWID TN < ettt ettt e e et e e e e e e n e e e e e e e eeeaeanns 296

TRIGger:A:WIDTh:POLarity <Polarity>
Sets the polarity of the pulse.

Parameters:

<Polarity> POSitive | NEGative

POSitive
Positive going pulse, the width is defined from the rising to the
falling slopes.

NEGative

Negative going pulse, the width is defined from the falling to the
rising slopes.

*RST: POSitive

TRIGger:A:WIDTh:RANGe <RangeMode>

Defines how the measured pulse width is compared with the given limit(s).
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Parameters:
<RangeMode> WITHin | OUTSide | SHORter | LONGer

WITHin | OUTSide

Triggers on pulses inside or outside a range defined by time +
delta. The time is specified with TRIGger:A:WIDTh:WIDTh, the
range around is defined with TRIGger :A:WIDTh:DELTa.
SHORter | LONGer

Triggers on pulses shorter or longer than a time set with
TRIGger:A:WIDTh:WIDTh.

*RST: LONGer

TRIGger:A:WIDTh:DELTa <Delta>
Defines a range around the width value specified using TRIGger :A:WIDTh:WIDTh.

Parameters:
<Delta> Range At ("Variation" softkey)

Range: Depends on the defined pulse width
(TRIG:A:WIDTH:WITDH)

TRIGger:A:WIDTh:WIDTh <Time1>

For the ranges WITHin and OUTSide (defined using TRIGger : A:WIDTh:RANGe), the
<Time1> defines the center of a range which is defined by the limits +<Delta> (set with
TRIGger:A:WIDTh:DELTa).

For the ranges SHORter and LONGer, the width defines the maximum and minimum
pulse width, respectively.

Parameters:

<Time1> Center value, maximum value or minimum value depending on the
defined range type.
Range: 20E-9 to 6.87194685440
Increment: Depends on the <Time1> value

*RST: 20E-9
14.2.5.4 Videol/TV Trigger
TRIGGENATVISTANIAI. ...ceeieeeeeieieeeeeeeeeeieee e ee e e e e e e e e e et e e et eeeeeaesenaaaeaeeeeeeeaaaeeeeeenennnns 296
TRIGGEN ATV POLAIY...cevvttiutieieeeeeeeeieteretiieaaeieeeeeterreessataateesaeasererersssasnaaasesaeessereens 297
TRIGQENE ATV FIELG. ceuieeiiiiie e ettt e e et e e e et e e e e e et e e e e eetaaeeeseaaaeeseetannaeeeesnnnaeeessnnnnaeens 297
TRIGGENAITVILINE. ...ttt e e e et et e e e e e e et e e e eneenaneannns 297

TRIGger:A:TV:STANdard <Standard>

Selects the color television standard.
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Parameters:

<Standard> PAL | NTSC | SECam | PALM | 1576 | P720 | P1080 | 11080
PALM = PAL-M
1576 = SDTV 576i (PAL and SECAM)
P720 | P1080 = HDTV 720/1080p (progressive scanning)
11080 = HDTV 1080i (interlaced scanning)

*RST: PAL

TRIGger:A:TV:POLarity <Polarity>

Selects the polarity of the signal. Note that the sync pulse has the opposite polarity. The
edges of the sync pulses are used for triggering,

See also: "Signal" on page 45

Parameters:
<Polarity> POSitive | NEGative

POSitive
If the video modulation is positive, the sync pulses are negative.

NEGative
If the modulation is negative, sync pulses are positive.

*RST: NEGative

TRIGger:A:TV:FIELd <Field>

Sets the trigger on the beginning of the video signal fields, or on the beginning of video
signal lines.

Parameters:
<Field> EVEN | ODD | ALL | LINE | ALINe

EVEN | ODD

Triggers only on the field start of even or odd fields. Only available
for interlaced scanning.

ALL

All fields, triggers on the frame start (progressive scanning) or any
field start (interlaced scanning).

LINE

Triggers on the beginning of a specified line in any field. The line
number is set with TRIGger:A:TV:LINE.

ALINe
Triggers on the beginning of all video signal lines.
*RST: ALL

TRIGger:A:TV:LINE <Line>

Sets an exact line number if TRIGger:A:TV:FIELJ is set to LINE.

—
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Parameters:
<Line>

14.2.5.5 Pattern Trigger

Command Reference

Range: 1 to 525 (NTSC, PAL-M); 625 (PAL, SECAM, SDTV
1-576); 750 (HDTV P720); 1125 (HDTV 11080, HDTV

P1080)
Increment: 1
*RST: 1

TRIGger:A:PATTern:SOURce <SourceString>

Select the state for each digital channel.

Parameters:
<SourceString>

Example:

string containing 0, 1, or X for each channel
1: high, the signal voltage is higher than the trigger level.

0: low, the signal voltage is lower than the trigger level.
X: Don't care. the channel does not affect the trigger.

TRIG:A:PATT:SOUR "1X10"

CH1, CH3, and NOT CH4 are logically combined with
TRIGger:A:PATTern:FUNCtion, CH2 does not matter (don't
care).

TRIGger:A:PATTern:FUNCtion <Function>

Sets the logical combination of the trigger states of the channels.

Parameters:
<Function>

AND | OR

AND

The required states of all channels must appear in the input signal
at the same time.

OR

At least one of the channels must have the required state.

*RST: AND

TRIGger:A:PATTern:CONDition <ConditionString>

Sets the trigger point depending on the result of the logical combination of the channel

states.

Parameters:

<ConditionString>

"TRUE" | "FALSE"
*RST: "TRUE"

—
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14.2.5.6 B-Trigger

TRIGGENBIENABIE. ...ttt e et et e e e et ettt e ettt et aete et a e e e e e e e e e e e aaaaaeaaeeeeeeanes 299
TRIGGENBISOURCE. ... ittt eeeee et ettt eeeaa e e e e e e e et e et eeeen e aaeeeeeeeeeeeeneeaensanaaaeeeeaaaaeeennnnns 299
TRIGQENBEDGE:SLOPE. .....ciiiiiiiiiiaeie et e e eeeeeeeeeea s e e e e e e e e e eeaaataaaeeseeeeeeeeeasnnaaaneeaaaaennnes 299
IR €T =Y = S IR Y PR 299
TRIGGEBFINDIEVEL.....cceeeieieieeeeeeeeiei e se e e e s e e e e e e e e et e e e e e eeeeeeteae i aeseeeeeaaeasaaeeeesennnnnes 299
TRIGGENB:IMODE..... ettt et et e e e et e e e e e e e e e e e e e e annnns 300
TRIGGENBIDELAY...cettiiiiiiieiiiiiiii ittt e e e e e e e e s e e e e r e e e e e e e e 300
TRIGQErB:EVENECOUNL. ...ttt ettt e e et e e e e e e e e e e ee e e naeanns 300
TRIGGENBIHY STOIrESIS. 1. uuuuutiereeiiieeee et it e e e e s e e e e e e e e e e s s ereereeeeeeeens 300

TRIGger:B:ENABIe <State>

Activates or deactivates the second trigger. The instrument triggers if both trigger event
conditions (A and B) are fulfilled.

Parameters:
<State> ON | OFF

*RST: OFF

TRIGger:B:SOURce <Source>

Selects one of the input channels as B-trigger source. Available channels depend on the
instrument type.

Parameters:
<Source> CH1 | CH2 | CH3 | CH4

*RST: CH1

TRIGger:B:EDGE:SLOPe <Slope>
Sets the edge for the B-trigger.

Parameters:
<Slope> POSitive | NEGative | EITHer

*RST: POSitive

TRIGger:B:LEVel <Level>
Sets the trigger level for the B-trigger event.

Parameters:
<Level> *RST: 0
Default unit: V

TRIGger:B:FINDlevel
Sets the trigger level of the B-trigger event to 50% of the signal amplitude.

—
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Usage: Event

TRIGger:B:MODE <Mode>

Defines the delay type of the B-trigger.
Parameters:

<Mode> DELay | EVENts

DELay

Time delay, set with TRIGger:B:DELay

EVENts

Event count delay, set with TRIGger:B: EVENt : COUNt

*RST: DELay

TRIGger:B:DELay <DelayTime>
Sets the time the instrument waits after an A-event until it recognizes B-events.
Before setting the dalay time, TRIGger : B:MODE must be set to DELAy.

Parameters:
<DelayTime> Range: 20e-9 to 6,871946854
Increment: Depends on the <DelayTime> value. The longer the
<DelayTime>, the longer is the increment value.
*RST: 20e-9
Default unit: s

TRIGger:B:EVENt:COUNt <EventCnt>

Sets a number of B-trigger events that fulfill all B-trigger conditions but do not cause the
trigger. The oscilloscope triggers on the n-th event (the last of the specified number of
events).

Before setting the event number, TRTGger : B: MODE must be set to EVENts.
Parameters:

<EventCnt> Number of B-events

Range: 1 to 65535
Increment: 1
*RST: 1

TRIGger:B:HYSTeresis <Hysteresis>

Sets a hysteresis range around the trigger level of the B trigger event. If the signal jitters
inside this range and crosses the trigger level thereby, no trigger event occurs.

Parameters:
<Hysteresis> AUTO | SMALI | MEDium | LARGE

*RST: AUTO
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14.2.6 Display

14.2.6.1 Basic Display Settings
This chapter describes commands that configure the screen display.

General Display Settings

DY = Y Y @ 0 PP 301
DY Y N Y (=P 301

DISPlay:MODE <Mode>

Sets the diagram mode.
Parameters:

<Mode> YT | XY

YT
Default time diagram with a time axis in x-direction and the signal
amplitudes displayed in y-direction.

XY

XY-diagram, combines the voltage levels of two waveforms in one
diagram.

*RST: YT

DISPlay:PALette <Palette>

Sets the color and brightness of the displayed waveform samples depending on their
cumulative occurance.

Parameters:
<Palette> NORMal | INVerse | FCOLor | IFColor

NORMal
Values that occur frequently are brighter than rare values.

INVerse

Rare values are brighter than frequent values, inverse to the NOR-
Mal brightness.

FColor

Rare values are displayed in blue, while more frequent values are
red and very frequent values are displayed in yellow or white, with
various colors inbetween.

IFColor

Inverses the FColor setting: rare values are yellow or white while
frequent values are blue.

*RST: NORMal
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XYZ-Setup

DISPIAYIXY XSOUICE. ..ttuuuaeieeeeeeeeeieeaetnaaaaeeeeeaeeeeeaeetanaaaaseeeaeeeeennaensnnnasaseaeeeerennenssnnnnns 302
(D] RS ol oYY A G £ 1o TV oYU 302
DISPIAY XY Y 2S0UICE. ...evtuueeieetuieeteeteteeseetteeseetateeseetanteeseetaneesestaneeseesanaeeeesranieseensnns 302
DISPIAY: XY :ZIMODE. . ... eeieee ettt ettt e et et e et e e e e e e e e e e e e e ee e e e e eeaeea e eaaeeaaaanaaan 302
DISPIay:XY:ZTHRESNOIA. ...ttt et e e e e e e e e e 303
DTS Y 0 75T @ L oY S 303

DISPlay:XY:XSOurce <Source>

Defines the source to be displayed in x direction in an XY-diagram, replacing the usual

time base.

Parameters:

<Source> CH1 | CH2 | CH3 | CH4
CH3 and CH4 are only available with 4-channel R&S RTM oscil-
loscopes.
*RST: CH1

DISPlay:XY:Y1Source <Source>

Defines the (first) source to be displayed in y direction in an XY-diagram.

Parameters:

<Source> CH1 | CH2 | CH3 | CH4
CH3 and CH4 are only available with 4-channel R&S RTM oscil-
loscopes.
*RST: CH2

DISPlay:XY:Y2Source <Source>

Defines an optional second source to be displayed in y direction in an XY-diagram. The
command is only relevant for 4-channel R&S RTM instruments.

Parameters:
<Source> NONE | CH1 | CH2 | CH3 | CH4

*RST: NONE

DISPlay:XY:ZMODe <Mode>

Activates or deactivates the intensity control of the waveform via an additional signal
source and sets the intensity mode.

—
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Parameters:
<Mode> ANALog | DIGital | OFF

ANALog

Modulated intensity; Intensity is modulated continuously accord-
ing to the selected Source Z.

DIGital

Intensity is determined by a threshold value defined with
DISPlay:XY:ZTHReshold. If the Z signal value is below the
selected threshold, the corresponding x/y point is not displayed. If
the Z signal value is above the threshold, the x/y point is displayed
with the defined intensity level.

OFF
Intensity control is deactivated.
*RST: OFF

DISPlay:XY:ZTHReshold <Zthreshold>

Defines the threshold for intensity with a two-state modulation, if DTSP1lay: XY : ZMODe
is setto DIGital.

Parameters:
<Zthreshold> Threshold for visibility on the screen
Range: -10 to 10
Increment: depends on the scaling of the channel that is
assigned to Z
*RST: 0
Default unit: V

DISPlay:XY:ZSOurce <Source>

Defines the source to be used to determine the intensity of the xy-waveform.

Parameters:
<Source> CH1 | CH2 | CH3 | CH4
CH3 and CH4 are only available with 4-channel R&S RTM oscil-
loscopes.
*RST: CH1
Intensities
DISPIay:INTensity:WAVEOIM....... e e e e e e e e e e e e e e e e e e eeeennaans 304
DISPIay:INTensity:BACKIGNT. ....cceiiiiee e e e eese e e e e e e e e e e e e e e e e eeeeeeennanns 304
DISPIAY:INTENSIEYIGRID...uuuuuuieieeieeeeeieieeeeertttirraaieeseeeeeserereeessstaranaseesaeesssereeessrssrnnnnns 304
DISPIaY PERSISIENCE: S T AT . it eiiitieieeeeeettee e ee e ettt eaeeee e ettt teeeseetatsaeerestanaesaeseestanaaaasens 304
DISPIay:PERSISIENCE TIME......cciietiiieeeieeiieiee et ee e e e etaee e e e eeataeeeeeeabseeseebaaeeeseesaneesenrnns 305
DISPIlay:PERSIStENCEINFINITE. ... i iii i ettt e e e e e e e e e e e e e e e e e e e e s 305
DISPlay:PERSIStENCE:TIME:AUTO .. .. ettt et e et e e e e e e e e e e e 305
DY Y o S ] (=Y et @ I - P 305
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DISPlay:INTensity:WAVeform <Intensity>
Defines the strength of the waveform line in the diagram.

Parameters:
<Intensity> Value in percent

Range: 0 to 100

Increment: 1

*RST: not available, *RST does not change the intensity
Default unit: %

DISPlay:INTensity:BACKIlight <Intensity>
Defines the intensity of the background lighting of the display.

Parameters:
<Intensity> Value in percent

Range: 10 to 100

Increment: 1

*RST: not available, *RST does not change the intensity
Default unit: %

DISPlay:INTensity:GRID <Intensity>
Defines the intensity of the grid on the screen.

Parameters:
<Intensity> Value in percent

Range: 0 to 100

Increment: 1

*RST: not available, *RST does not change the intensity
Default unit: %

DISPlay:PERSistence:STATe <State>

Defines whether the waveform persists on the screen or whether the screen is refreshed
continuously.

Parameters:
<State> ON | OFF
ON
The waveform persists for the time defined using b1spPlay:
PERSistence:TIME.
OFF

The waveform does not persist on the screen. Only the currently
measured values are displayed at any time.

*RST: OFF

—
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DISPlay:PERSistence:TIME <Time>

Persistence time if persistence is active (see DISPlay:PERSistence:STATe
on page 304).

Each new data point in the diagram area remains on the screen for the duration defined
here. To set infinite persistence, use DISPlay:PERSistence: INFinite.

Parameters:
<Time> Range: 50E-3 to Infinite
Increment: minimum 50E-3 s, increasing increment with increas-
ing persistence time
*RST: 50E-3
Default unit: s

DISPlay:PERSistence:INFinite <InfPersistence>

Sets the persistence time to infinite if DISPlay: PERSistence: STATe is ON. each new
data point remains on the screen infinitely until this setting is changed or the persistence
is cleared.

Parameters:
<InfPersistence> ON | OFF

*RST: OFF

DISPlay:PERSistence:TIME:AUTO <Auto>
The optimal persistence time is determined automatically by the instrument.

Parameters:
<Auto> ON | OFF

*RST: OFF

DISPlay:PERSistence:CLEar
Removes the displayed persistent waveform from the screen.

Usage: Event

Waveform, Auxilary Cursors and Grid Settings

DS = Y S I - 305
DISPIAY:GRID:STY L. .cciiieieeeerietruririaaiaieeeeeeeeeeeerereeerersrrarar.—teeaasaeaasserererrrsrssrarsnnnnnns 306

DISPlay:STYLe <Style>

Defines how the waveform data is displayed

—
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Parameters:
<Style> VECTors | DOTS

VECTors
Individual data points are connected by a line.

DOTS
Only the data points are displayed.

*RST: VECT

DISPlay:GRID:STYLe <Style>
Defines how the grid is displayed.

Parameters:
<Style> LINes | RETicle | NONE

LINes

Displays the grid as horizontal and vertical lines.

RETicle
Displays crosshairs instead of a grid.

NONE
No grid is displayed.
*RST: LIN

Zoom

L =T o F= T A @ 1@ 1V RS I =P
TIMEDASE:ZOOM:SCALE. . cuiiiiiiiei et et et et st st s e e e s e e e e e es
TIMEDaSE:ZOOM:TIME......u ettt e et e et e e e ea e e e e e e e eaeesnaeennaes
TIMebase:ZOOM:POSIION. ... et r e e e e e eaa e

TIMebase:ZOOM:STATe <ZoomState>
Switches the zoom window on or off.

Parameters:
<ZoomState> ON | OFF

*RST: OFF

TIMebase:ZOOM:SCALe <ZoomScale>
Defines the time base in the zoom diagram in seconds per division.

Parameters:
<ZoomScale> Range: Depends on various other settings
Default unit: s/div

—
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TIMebase:ZOOM:TIME <Time>
Defines the offset of the trigger point to the reference point of the zoom diagram.

Parameters:
<Time> *RST: 0
Default unit: s

TIMebase:ZOOM:POSition <Position>

Defines the position of the zoom reference point (the reference point of the zoom window)
in relation to the reference point of original time base.

Parameters:
<Position> Range: Depends on the zoom time base, nearly 0 to 100 %
for large zoom
*RST: 50

Default unit: %

14.2.6.3 Markers (Timestamps)

B IS L= 0] 3R] 307
B IS TLIE= 0T 58 11 307
B ISR La0] o d 2 Y Ao T RN 307
RIS L0 oK O =T SR URPPPRRRPIN 308
TS T aAMPIACLEAN ... . eeeetteeeeeeeete e ee et et e e ettt e e e ettt eeeeeetaa e saesestanaeesestansaesentaneeesnsnnnaaaeens 308
TSTamp:SET

Sets a new marker (timestamp) at the reference point of the display, unless an existing
marker is already set there. The reference point is set with TTMebase:REFerence.

Usage: Event

TSTamp:NEXT
Usage: Event

Moves the next marker (timestamp, to the right) to the reference point of the display or
zoom area.

TSTamp:PREVious

Moves the previous marker (timestamp, to the left) to the reference point of the display
or zoom area.

Usage: Event

—
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TSTamp:CLEar

Deletes the marker (timestamp) at the reference point. The reference point is set with
TIMebase:REFerence.

Usage: Event

TSTamp:ACLear
Deletes all markers (timestamps).

Usage: Event

Reference Waveforms

For data queries and conversion, consider also the following commands:
® [FORMat[:DATA] on page 268

® REFCurve<m>:DATA:XINCrement? on page 270

® REFCurve<m>:DATA:XORigin? on page 269

® REFCurve<m>:DATA:YINCrement? on page 270

® REFCurve<m>:DATA:YORigin? on page 270

® REFCurve<m>:DATA:YRESolution? on page 271

REF CUNESMS IS T AT ..ottt et e et e e et e et e et ee e e e e e e en e e eenaaeeeanns 308
REFCUNVESM>ISOURGE. .. .ceunieeeieeteee et et ettt et e et e e e e e ee e e ene e e eaae e e e e e enneeeannaeennns 309
REFCUNVE<KM>:SOURCEICATAIOU?. .. ueieieeeeieeeeeeeieieeeeetetttrari e ieseeeeeaeaaesesereeeeessrsarannnnnns 309
REFCUINVESM>IUPDAELE.....ccvttiiiieieieeeieeeeeetitieaeeeeeeeeeeeeeesbaaaeeeeeeeseeresstasseseaeesereeersnnanns 309
REFCUINVESM>ISAVE . ....uu it eeitiiee e e eettee e e et eee e e ettt et s e e s eet e e e s eeta e eesesaaaaeseetaaaeseetaneesensnnn 309
REFCUINVESM>LOAD.......cottuieeeeeitiaeeeeeeet et eee ettt eee s ettt eeeseestaaeesessannsaereetanseeeresnneaesenrann 310
REF CUNESMS L O A D S T AT €. tttiiee ettt ettt ettt et e e s ea e e ea e s e rareasnsarenenrenennenns 310
REFCUrve<m>:HORIZONtAI:SCALE.........ceieieeee et 310
REFCuUrve<m>:HORIZONtAI:POSIHION. .....cuuiiereeeeeee e e ee e e et e e e e e e e e e eeaans 310
REFCUNVE<M>:VERTICAISCALE. ...vutuuueieeieeeeeieeeeettttiteeiaeeeeeeeeeeeeessstanaiaseeeaeesereressssnnnnns 311
REFCUrve<m>:VERTICAIPOSIION. ........c.cteeeereereieriitiriiiaeaeieeeeeeeeeaesesereeeereesssssrssnsnnnnnnnnns 311
REF CUNVESM > D AT A . ittt e ettt e ettt ee e e ettt ae e e e ettt aeeeestsaaeeeessansaesestnsaeresnnseessnnnaseersnnn 311
REFCUNVE<M> DATAIHEADEI? ... ettt et et e et e e et e e e e e e e eaa e e een e e enaaeesnns 311
REFCurve<m>:STATe

Displays or hides the selected reference waveform.

Suffix:
<m> 1.4
Selects the reference waveform, the internal reference storage.
Parameters:
<State> ON | OFF

*RST: OFF
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REFCurve<m>:SOURce <Source>

Defines the source of the reference waveform.

Suffix:
<m> 1.4
Selects the reference waveform, the internal reference storage.
Parameters:
<Source> CH1| CH2 | CH3 | CH4 | MA1 | MA2 | MA3 | MA4 | RE1 | RE2 |

RE3 | RE4

Any active channel, math, or reference waveform. Available chan-
nels depend on the instrument type.

*RST: CH1

REFCurve<m>:SOURce:CATalog?
Returns the source waveform - channel, math or reference waveform.

Suffix:
<m> 1.4
Selects the reference waveform, the internal reference storage.

Return values:

<Catalog> CH1|CH2 | CH3 | CH4 | MA1 | MA2 | MA3 | MA4 | RE1 | RE2 |
RE3 | RE4
Usage: Query only

REFCurve<m>:UPDate

Updates the selected reference by the waveform defined with REFCurve<m>: SOURce.

Suffix:
<m> 1.4

Selects the reference waveform, the internal reference storage.
Usage: Event

REFCurve<m>:SAVE <FileName>
Stores the reference waveform the specified file.

Suffix:
<m> 1.4
Selects the reference waveform, the internal reference storage.

Setting parameters:
<FileName> String with path and file name

Usage: Setting only

—
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REFCurve<m>:LOAD <FileName>
Loads the waveform data from the indicated reference file to the reference storage.
To load the instrument settings, use REFCurve<m>:LOAD:STATe.

Suffix:
<m> 1.4
Selects the reference waveform, the internal reference storage.

Setting parameters:
<FileName> String with path and file name

Usage: Setting only

REFCurve<m>:LOAD:STATe

Loads the instrument settings in addition to the reference waveform data. The waveform
data must be loaded before the settings, see REFCurve<m>:LOAD on page 310.

The settings are only available if the file was stored to the internal storage /INT/
REFERENCE and never written to an external storage (USB stick).

Suffix:
<m> 1.4

Selects the reference waveform.
Usage: Event

REFCurve<m>:HORizontal:SCALe <Scale>

Changes the horizontal scale (timebase) of the reference waveform independent of the
channel waveform settings.

Suffix:
<m> 1.4
Selects the reference waveform, the internal reference storage.
Parameters:
<Scale> *RST: 100e-6

Default unit: s/div

REFCurve<m>:HORizontal:POSition <Position>

Changes the horizontal position of the reference waveform independent of the channel
waveform settings.

Suffix:
<m> 1.4
Selects the reference waveform, the internal reference storage.
Parameters:
<Position> *RST: 0

Default unit: s

—
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REFCurve<m>:VERTical:SCALe <Scale>

Changes the vertical scale of the reference waveform.

Suffix:
<m> 1.4
Selects the reference waveform, the internal reference storage.
Parameters:
<Scale> *RST: 1

Default unit: V/div

REFCurve<m>:VERTical:POSition <Position>

Changes the vertical position of the reference waveform.

Suffix:
<m> 1.4
Selects the reference waveform, the internal reference storage.
Parameters:
<Position> *RST: 0

Default unit: div

REFCurve<m>:DATA?

Returns the data of the reference waveform for transmission from the instrument to the
controlling computer. The waveforms data can be used in MATLAB, for example.

To set the export format, use FORMat [ : DATA] on page 268.

Suffix:
<m> 1.4
Selects the reference waveform, the internal reference storage.

Return values:
<Data> List of values according to the format settings.

Usage: Query only

REFCurve<m>:DATA:HEADer?

Returns information on the reference waveform.

Table 14-14: Header data

Position Meaning Example

1 XStartins -9.477E-008 = - 94,77 ns
2 XStopin's 9.477E-008 = 94,77 ns

3 Record length of the waveform in Samples 200000

4 Number of values per sample interval, usually 1. 1

—
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Command Reference

Suffix:
<m> 1.4
Selects the reference waveform, the internal reference storage.
Parameters:
<Header> Comma-separated value list
Example: -9.477E-008,9.477E-008,200000,1
Usage: Query only
Measurements

This chapter describes functions that configure or perform cursor and automatic meas-
urements.

®  CUISOr MEASUIMEMENTS. .. cciieiiiieieeeeeeee ettt e e s e s e e e e e e e e e e e s e e e eeeeeeeesessarasananas 312
®  QUICK MEASUIEMENTS........ceeeeetiiiieieeeeeee ettt e e e e e e e e e et e e e e e e e e e eeeeesesbananns 320
o  AUtOMALiC MEASUIMEMENTS. . .uuuieiiiiiiieeeetcee ettt e e e e e e ee et e e e e e e e e e eeseasanas 321
@  REFEIENCE LEVEL...uuvieeeiei ettt e e e e e e e e e e e ae b 325
e Automatic Measurements - StatiStiC.........c.cevvreiiiiiiiiiiiie e 326

Cursor Measurements

CURSOISMEIAOFF ...ttt e et ee ettt ettt e e ettt e e ettt e e e e eet e e e e eesa e eeeesanaeeeseraneeeeesannnns 313
CUR S OIS S T AT €.t e eet et e ettt et e et e et e e e et e e et e e et e eeeaeeeena e sennaeeenaaennnnnns 313
CURSOI<M>ISOURCE. ... eeteeieee ettt ettt e et e et e et e e et e e et e e eteaennans 313
CURSOI<M>IFUNCHION. ... et et eee et e et e e e e e e e et e e e e e e raaeeeea e e eenneeeenneeeennns 313
CURSOIr<mM>:TRACKING[:STATE]....eeetetttteeieeeeeeeeteeettttiaaeseeeeeseeressttanieseseseereestnrnns 315
CURSOISM> X P OSIHION. . cttteeeeeieeeeeititiiieeeeeeeeeeeeeetaabraaeeeeeeeeeeeessbaasaaeseeesereeressrannaaeeeens 315
CURSOI<M> X 2P OSIHION. ..etuueeieiieeeeeetiieeeeetteiee ittt eseeeeateeeeseataeeesesasaesestasaeresnaseessnnnnns 315
CURSOI<M>: X3P OSIHION. ..eetueeiteiiiee it e et e e eee e et e e et e e et e e et eeea e e st e e et eeeanesenaearaesnnnnns 315
CURSOI<M>: Y TP OSIHION. .. cteeeet e eiee et e et et e et et e et e et e e et e e et eeean e e et e e et eernnnnns 315
CURSOI<M>:Y 2P 0SIION. .. ceeeeei et e ettt et e et e et e et e e et e e e e e eee e e et eeennnnns 315
CURSOI<M>: Y BPOSIHION. ..cevueeei e eeee et e et e e eeee et e e e e e eee e et e e e e e eee e e e e e ean e eeneeereennnns 315
CURSOI<M> Y COUPING. ..etttttutieaeieeeeeeeeteeeeetettieaaieeeeeeeesereeesstanaaaaseaaeesereressstananeseeaens 316
CURSOI<M> X COUPING...eeverrurinieieeeeeeeeteeeeetsttaaaieseeeeesserrresstasneseseeeserrrrsrsrannseeees 316
CURSOISMZISWAV . .. ceieeteiee ettt e e ettt e e et eeee e e e et eeeeetaeeesetaa e e s eetanseeseraaneeersransaerennanns 316
CURSOISM >SS CREEN. .. it eeei et et e et e e et e et e e et e e et e e e e e et e e eeneeennaestaannnnnns 316
CURSOISM>ISPPEEAK. ...c.ueeei ettt et e et e e et e et e e e e e e e e e eeeeennnanns 316
CURSOI<M>ISNPEAK. ... .ceeeeeeeee ettt e e e e e eeee e e e enneaes 317
CURSOr<M> TRACKING:SCALEL:STATE . v veeereeerereeeeseseseseseeeeseseseseseeseseseseseseeseseseseseseses 317
CURSOISMIRESUIE?.. i i ieeeeeee ettt ttesieie s e e e e e e e e e e eeeee b e b eaeseseeaeeseseeeeesssbabaaaeaeeaeaens 317
CURSOIr<M>: XDELLA:INVEISE?....ccevvvrirneieieeeeeeieeeretiiaeieeeeeeeereeessbsaaeseseeeseeeessrasaeseens 317
CURSOI<M>: XDELLA[:VALUE]?. .. ceetiieeeeeieeee ettt e ettt e e e e etee e e e etae e e e eeaa e e s eebeeeeesanaeesennanss 318
CURSOr<mM>:YDELLA:SLOPE?. ...ttt ettt et e et e et e e e eae e e et e e ennaaas 318
CURSOr<mM>:YDELLA[:VALUE] .. . et ettt et e et et et e e e e e e e e e eeas 318
CURSOIr<M>: XRATIOIUNIT ...ttt e e e e e et et e e e e e e e e e e e e e e e e e een e eeaeeennnees 318
CURSOr<mM=>: XRATIO[:VALUE] 2.ttt ee ettt ettt e e e e e e e e e s e e e e e e enas 319
CURSOIr<M>YRATIO:UNIT . .ceeeeeittitieieieeeeeeeeeeeetttteee s e e e e e e e eeeeesabaabaaeseeeeesereeessnsannaaeeeens 319
CURSOI<M>:YRATIO[:VALUE]?. ... e eetieeeeetiieee et e e et ttee e e e ettee e e e et eeeeeaaaeeseebeeeseaaneaeseananss 319
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CURSor<m>:AOFF

Switches the cursor off.

Suffix:
<m> 1

The numeric suffix is irrelevant.
Usage: Event

CURSor<m>:STATe <State>

Activates or deactivates the cursor measurement.

Suffix:
<m> 1
The numeric suffix is irrelevant.
Parameters:
<State> ON | OFF

*RST: OFF

CURSor<m>:SOURce <Source>

Defines the source of the cursor measurement.

Suffix:
<m> 1
The numeric suffix is irrelevant.
Parameters:
<Source> NONE | CH1 | CH2 | CH3 | CH4 | MA1 | MA2 | MA3 | MA4 | MAS |

RE1 | RE2 | RE3 | RE4 | XY1
CH1 | CH2 | CH3 | CH4

Active channel waveform 1 to 4
MA1 | MA2 | MA3 | MA4 | MAS
Active math channels 1 to 5

RE1 | RE2 | RE3 | RE4
Active reference channels 1 to 4

XY1
Active XY-waveform
*RST: CH1

CURSor<m>:FUNCtion <Type>
Defines the cursor measurement type.

Suffix:
<m> 1
The numeric suffix is irrelevant.
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Parameters:
<Type> HORIzontal | VERTiIcal | PAIRed | HRATIo | VRATio | PPCount |
NPCount | RECount | FECount | MEAN | RMS | RTIMe | FTIMe |
PEAK | UPEakvalue | LPEakvalue | BWIDth
*RST: VERT
Value Description Queries for results
HORizontal Sets two horizontal cursor lines and measures the vol- | CURSor<m>:Y1Position
tages at the two cursor positions and the delta of the two o
CURSor<m>:Y2Position
values.
CURSor<m>:YDELta [ :VALue] ?
CURSor<m>:YDELta:SLOPe?
VERTical Sets two vertical cursor lines and measures the time CURSor<m>:X1Position
from the trigger point to each cursor, the time between o
CURSor<m>:X2Position
the two cursors and the frequency calculated from that
time. CURSor<m>:XDELta[:VALue] ?
CURSor<m>:XDELta:INVerse?
PAIRed V-Marker CURSor<m>:Y1lPosition
same as CURSor<m>:TRACking[:STATe] CURSor<m>:Y2Position
CURSor<m>:XDELta [ :VALue]?
CURSor<m>:YDELta [ :VALue]?
HRATiIo Sets three horizontal cursor lines. Queries return the CURSor<m>:YRATio:UNIT
ratio of the y-values (e.g. overshooting) between the first CURS Oy s YRATL o VAL .
and second cursors and the first and third cursors. URSor<m>: tol: uel?
CURSor<m>:Y1Position
CURSor<m>:Y2Position
CURSor<m>:Y3Position
VRATio Sets three vertical cursor lines. Queries return the ratio | CURsor<m>: XRATio:UNIT
of the x-values (e.g. a duty cycle) between the first and e ,
second cursors and the first and third cursors. Sorsme: al: uel?
CURSor<m>:X1Position
CURSor<m>:X2Position
CURSor<m>:X3Position
PPCount Count positive pulses CURSor<m>:RESult?
NPCount Count negative pulses
RECount Count rising edges
FECount Count falling edges
Sets two vertical and one horizontal cursor line. The time
base is defined by the vertical cursors, the horizontal
cursor defines the threshold value.
MEAN Mean value CURSor<m>:RESult?
RMS Root mean square
Values are measured between two vertical cursor lines.
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Value Description Queries for results
RTIMe Rise time, tr CURSor<m>:RESult?
FTIMe Fall time, tf

Measures the rise or fall time of the first edge after the
first vertical cursor between the upper and lower refer-
ence levels. The reference level for rise and fall time
measurement is set with REFLevel :RELative:
MODE.

PEAK Vpp, absolute difference between the two peak values | CURSor<m>:RESult?
UPEakvalue | Vp+, upper peak value
LPEakvalue Vp-, lower peak value

Values are measured between two vertical cursor lines.

BWIDth Burst width, the duration of a burst. Two vertical cursors | CURSor<m>:RESult?
mark the beginning and the end of the burst. The hori-
zontal cursor sets the threshold value, and the time
between the first and the last edge of the burst is
returned.

CURSor<m>:TRACking[:STATe] <State>

If set to ON, the V-Marker cursor measurement is enabled.

Suffix:
<m> 1
The numeric suffix is irrelevant.
Parameters:
<State> ON | OFF

*RST: OFF

CURSor<m>:X1Position <Xposition1>
CURSor<m>:X2Position <Xposition2>
CURSor<m>:X3Position <Xposition3>

The commands specify the x-positions of vertical cursor lines on the time axis. The third
cursor is only used for Ratio X measurement.

Suffix:
<m> 1
The numeric suffix is irrelevant.
Parameters:
<Position> Range: Depends on horizontal settings.

CURSor<m>:Y1Position <Yposition1>
CURSor<m>:Y2Position <Yposition2>
CURSor<m>:Y3Position <Yposition3>

The commands specify the positions of horizontal cursor lines on the y-axis. The third
cursor is only used for Ratio Y measurements.
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Suffix:
<m> 1
The numeric suffix is irrelevant.
Parameters:
<Position> Range: Depends on various other settings.

CURSor<m>:YCOupling <Coupling>
CURSor<m>:XCOupling <Coupling>

If enabled, the cursors of a set are coupled so that the distance between the two remains
the same if one cursor is moved.

Suffix:
<m> 1
The numeric suffix is irrelevant.
Parameters:
<Coupling> ON | OFF

*RST: OFF

CURSor<m>:SWAVe

Autoset for cursor lines, sets the cursor lines to typical points of the waveform depending
on the selected measurement type. For example, for voltage measurement, the cursor
lines are set to the upper and lower peaks of the waveform. For time measurement, the
cursor lines are set to the edges of two consecutive positive or two consecutive negative
pulses.

Usage: Event

Firmware/Software: FW 03.700

CURSor<m>:SSCReen

Resets the cursors to their initial positions. This is helpful if the cursors have disappeared
from the display or need to be moved for a larger distance.

Usage: Event

Firmware/Software: FW 03.700

CURSor<m>:SPPeak
For FFT analysis only: sets the selected cursor to the previous (left) level peak.
Usage: Event

Firmware/Software: F\W 03.700
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CURSor<m>:SNPeak
For FFT analysis only: sets the selected cursor to the next (right) level peak.
Usage: Event

Firmware/Software: FW 03.700

CURSor<m>:TRACking:SCALe[:STATe] <State>
Enables the adjustment of cursor lines if the vertical or horizontal scales are changed.

Suffix:
<m> 1
The numeric suffix is irrelevant.

Parameters:
<State> ON | OFF

ON
Cursor lines keep their relative position to the waveform.

OFF
Cursor lines remain on their position on the display if the scaling
is changed.

*RST: OFF

CURSor<m>:RESult?

Returns the measurement result for count, mean, RMS, rise and fall time, peak meas-
urements, and burst width. Make sure to set CURSor<m>: FUNCtion correctly.

Suffix:
<m> 1
The numeric suffix is irrelevant.

Return values:
<Value> Measurement result

Usage: Query only

CURSor<m>:XDELta:INVerse?
Returns the inverse time difference between the two cursors (1/At).

Suffix:
<m> 1
The numeric suffix is irrelevant.

Return values:

<Deltalnverse> Range: -100e24 to 100e24
Increment: 0.1
*RST: 0

Default unit: 1/s
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Usage: Query only

CURSor<m>:XDELta[:VALue]?
Returns the time difference between the two cursors (At).

Suffix:
<m> 1
The numeric suffix is irrelevant.

Return values:

<Delta> Range: -100e24 to 100e24
Increment: 0.1
*RST: 0

Default unit: s

Usage: Query only

CURSor<m>:YDELta:SLOPe?

Returns the inverse value of the voltage difference - the reciprocal of the vertical distance
of two horizontal cursor lines: 1/4V.

Suffix:
<m> 1
The numeric suffix is irrelevant.

Return values:
<DeltyYslope> Inverse value

Usage: Query only

CURSor<m>:YDELta[:VALue]?
Queries the delta of the values in y-direction at the two cursors.

Suffix:
<m> 1
The numeric suffix is irrelevant.

Return values:
<DeltaY> Delta value in V

Usage: Query only

CURsor<m>:XRATio:UNIT <Unit>
Sets the unit for X Ratio measurements with CURSor<m>:XRATio [ :VALue] 2.

Suffix:
<m> 1
The numeric suffix is irrelevant.
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Parameters:
<Unit> RATio | PCT | GRD | PI

RATIo - floating value
PCT - percent

GRD - degree
Pl - radian
*RST: RAT

CURSor<m>:XRATio[:VALue]?

Returns the ratio of the x-values (e.g. a duty cycle) between the first and second cursors
and the first and third cursors: (x2-x1)/(x3-x1).

Set the unit of the result with CURsor<m>:XRATio:UNIT.

Suffix:
<m> 1
The numeric suffix is irrelevant.

Return values:
<Ratio> Numeric value corresponding to the specified unit.

Usage: Query only

CURSor<m>:YRATio:UNIT <Unit>

Sets the unit for Y Ratio measurements with CURSor<m>:YRATio [ :VALue] ?

on page 319.
Suffix:
<m> 1
The numeric suffix is irrelevant.
Parameters:
<Unit> RATio | PCT

RATIo - floating value
PCT - percent

*RST: RAT

CURSor<m>:YRATio[:VALue]?

Returns the ratio of the y-values (e.g. overshooting) between the first and second cursors
and the first and third cursors: (y2-y1)/(y3-y1).

For this measurement, set the cursor measurement type CURSor<m>:FUNCtion to
HRATio.

Set the unit of the result with CURSor<m>: YRATio:UNIT.

Suffix:
<m> 1
The numeric suffix is irrelevant.
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Return values:
<Ratio> Numeric value corresponding to the specified unit.

Usage: Query only

14.2.8.2 Quick Measurements

MEASUrEmMENt<M> ALL ST ATE . ittuieeieeie i e e e ettt e e e eetie e e e et e e e e eet e e e e e eane e e ereaaeeeeranaeeerennn 320
MEASUremMEent<M>IAON. ... .ieiuiiiieeeee et ee et e e e e e e e e e e e e e e e eaneseaeeeeba e eenn e renneeeenans 320
MEASUIrEMENTKM> I AOFF . ..ciiiiiieeeeitieiiee s e e ee e e e et eeee et aeeeeeeeeeeeeeeessbab e seeeaeesereresssrannnns 320
MEASUrement<mM> ARESUI?.......cii et e et e et e e ettt e e e e e et e e e eeeesaeeesseetaaeeesenrans 320

MEASurement<m>:ALL[:STATe]
Starts or stops the quick measurement and sets the status bit.

Parameters:
<State> ON | OFF

*RST: OFF
Firmware/Software: FW 03.800

MEASurement<m>:AON

Starts the quick measurement.

Suffix:
<m> 1.4

The numeric suffix is irrelevant.
Usage: Event

MEASurement<m>:AOFF

Stops the quick measurement.

Suffix:
<m> 1.4

The numeric suffix is irrelevant.
Usage: Event

MEASurement<m>:ARESult?
Returns the results of the quick measurement.

Suffix:
<m> 1.4
Selects the measurement.
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Return values:
<QuickMeasData>  List of values

Quick measurement results are listed in the following order: PEAK,
UPE, LPE, CYCR, CYCM, PER, FREQ, RTIM , FTIM

Usage: Query only

Automatic Measurements

MEASUremMENt<M>[IENABIE] ..uuu i ieiiieiieeeeeeeetieeeee e et ieeeeeeeea e e e e s eesteeeeeeessaeeeereetaneaesensans 321
MEASUrement<m>IMAIN......ccuuiii i e e e e e e e s e e e e et r e e e e e eanaeeeereet e eeeenenan 321
MEASUrement<mM>:SOURCE. .....ccieeiiuieieeeiuieeeerettae e e e sttt e e eeeetaeeeeraaeeeereaaeeeeernneeeerennn 323
MEASUrement<m>:DELAY:SLOPE. .......u e ieeeeeeeeeeeeee et ieieeieeaas e e e e e e eeaaeeeeeeeeeeneenennnnannn 324
MEASuUrement<m>:RESURACTUAI]?...uuueeieeeeeiieeitieeeieeeeeeeeeetee e e e e e e eeeeesbanaeeeeeeseeeeessanas 324
MEASUIrEMENIKM>ICATEGONY 2. cevrurrueieteeeeeeeeettrtaaaieeeeetereesstaaaeseeeserrrestasaseeeeeeseressssanns 325

MEASurement<m>[:ENABIe] <State>

Activates or deactivates the selected measurement (1-4). Only the results of active
measurements are displayed in the result table.

Suffix:
<m> 1.4
Selects the measurement.
Parameters:
<State> ON | OFF

*RST: OFF

MEASurement<m>:MAIN <MeasType>

Defines the measurement type to be performed on the selected source. To query the
results, use MEASurement<m>:RESult|[:ACTual] 2.

Suffix:
<m> 1.4
Selects the measurement.
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FREQuency | PERiod | PEAK | UPEakvalue | LPEakvalue |
PPCount | NPCount | RECount | FECount | HIGH | LOW |
AMPLitude | MEAN | RMS | RTIMe | FTIMe | PDCYcle | NDCYcle |
PPWidth | NPWidth | CYCMean | CYCRms | STDDev |
CYCStddev | TFRequency | TPERIiode | DELay | PHASe |
BWIDth | POVershoot | NOVershoot | TBFRequency | TBPeriod
For a detailed description, see "Meas. Type" on page 92.

FREQuency

Frequency of the signal. The result is based on the length of the
left-most signal period within the displayed section of the wave-
form of the selected channel.

PERiod

Length of the left-most signal period within the displayed section
of the waveform of the selected channel.

PEAK

Peak-to-peak value within the displayed section of the waveform
of the selected channel.

UPEakvalue
Maximum value within the displayed section of the waveform of
the selected channel.

LPEakvalue
Minimum value within the displayed section of the waveform of the
selected channel.

PPCount
Counts positive pulses.

NPCount

Counts negative pulses.

RECount

Counts the number of rising edges.

FECount
Counts the number of falling edges.

HIGH
Mean value of the high level of a square wave.

Low

Mean value of the low level of a square wave.

AMPLitude

Amplitude of a square wave.

MEAN

Mean value of the complete displayed waveform of the selected
channel.

RMS
RMS (Root Mean Square) value of the voltage of the complete
displayed waveform of the selected channel.

RTIMe | FTIMe

—
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Rise or falling time of the left-most rising edge within the displayed
section of the waveform of the selected channel. The reference
level for this mesurement is set with REFLevel :RELative:
MODE.

PDCycle | NDCycle

Measure the positive or negative duty cycle.

PPWidth | NPWidth

Measure the width of positive or negative pulses.

CYCMean

Mean value of the left-most signal period of the waveform of the
selected channel.

CYCRms

RMS (Root Mean Square) value of the voltage of the left-most
signal period of the waveform of the selected channel.

STDDev
Measures the standard deviation of the waveform.

CYCStddev
Measures the standard deviation of one cycle, usually of the first,
left-most signal period.

TFRequency | TPERiode

Measure the frequency of the trigger signal and the length of the
its periods (hardware counter).

DELay

Time difference between two edges of the same or different wave-
forms. The waveforms are selected with MEASurement<m>:
SOURce, and the edges with MEASurement<m>:DELay:SLOPe.
PHASe

Phase difference between two waveforms (time difference/period
* 360). The waveforms are selected with MEASurement<m>:
SOURce.

BWIDth

Burst width, the duration of one burst, measured from the first edge
to the last edge that cross the middle reference level.

POVershoot | NOVershoot
Positive and negative overshoot of a square wave.

TBFRequency | TBPeriod
Measures the frequency of the B-trigger signal and the length of
the B-trigger signal periods.

*RST: NONE (measurement is off)

MEASurement<m>:SOURce <SignalSource>[,<ReferenceSource>]

Selects one of the active signal, reference or math channels as the source(s) of the
selected measurement.
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Suffix:
<m> 1.4

Selects the measurement place.
Parameters:

<SignalSource> NONE | CH1 | CH2 | CH3 | CH4 | MA1 | MA2 | MA3 | MA4 | MAS5 |
RE1 | RE2 | RE3 | RE4 | TRIGger

Waveform to be measured, required for all measurement types
CH1 | CH2 | CH3 | CH4

Active signal channels 1 to 4

MA1 | MA2 | MA3 | MA4 | MA5

Active math channels 1to 5

RE1 | RE2 | RE3 | RE4
Active reference channels 1 to 4

TRIGger

Trigger source if the measurement type is a trigger measurement:
TFRequency | TPERiode measure the A-trigger source, TBFRe-
quency | TBPeriod measure the B-trigger source.

*RST: CHA1

<ReferenceSource> NONE | CH1 | CH2 | CH3 | CH4 | MA1 | MA2 | MA3 | MA4 | MAS |
RE1 | RE2 | RE3 | RE4

Second waveform, reference source that is required for delay and
phase mesurements.

MEASurement<m>:DELay:SLOPe <SignalSlope>,<ReferenceSlope>

Sets the edges to be used for delay measurement. The associated waveforms are
defined with MEASurement<m>: SOURce

Parameters:

<SignalSlope> POSitive | NEGative
Slope of source 1 ( first waveform)
*RST: POS

<ReferenceSlope> POSitive | NEGative
Slope of source 2 (second waveform)
*RST: POS

Firmware/Software: 03.400

MEASurement<m>:RESult[:ACTual]? [<MeasType>]
Returns the result of the specified measurement type.

Suffix:
<m> 1.4
Selects the measurement place.
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Query parameters:

<MeasType> FREQuency | PERiod | PEAK | UPEakvalue | LPEakvalue |
PPCount | NPCount | RECount | FECount | HIGH | LOW |
AMPLitude | MEAN | RMS | RTIMe | FTIMe | PDCYcle | NDCYcle |
PPWidth | NPWidth | CYCMean | CYCRms | STDDev |
CYCStddev | TFRequency | TPERIiode | DELay | PHASe |
BWIDth | POVershoot | NOVershoot | TBFRequency | TBPeriod

Specifies the measurement type. See MEASurement<m>:MAIN
on page 321.

Return values:
<Value> Measurement result. If no measurement was executed, no value
(NAN) is returned.

Usage: Query only

MEASurement<m>:CATegory?

Returns the measurement category. Currently, the instrument supports only yt-meas-
urements.

Suffix:
<m> 1.4
Selects the measurement.

Return values:

<Category> AMPTime
AMPtime: yt-measurements
*RST: AMPT

Usage: Query only

14.2.8.4 Reference Level

REFLEVEI:RELAtIVEIMODE.......cccuiiiiiieite ettt et e e e et e e e e e e e e e e eaeeranns 325
REFLEVEIIRELAIVEILOWET.....cccitieieeeeiiieee e e ettt e e e ettt e e e e et e e e e e eesaaeeeesestseeseesnaneesensnnn 326
REFLEVEIIRELAIIVEIUPPET ... ..cccciitieeieeeeeeteie e e e ettt e e e e et tee e e e e e eeba e e e e s eeasbaaeeeeseesaaneeeaereens 326
REFLEVELRELALIVEIMIDDIE. .. cuieiiiiieieiietee et ae e st ea s e e raeeneaseasnrasenensenenenrennn 326

REFLevel:RELative:MODE <RelativeMode>

Sets the lower and upper reference levels for rise and fall time mesurements (cursor and
automatic mesurements) as well as the middle reference level for phase and delay
measurements. The levels are defined as percentages of the high signal level. The setting
is valid for all measurement places.
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Parameters:
<RelativeMode> TEN | TWENty | FIVE | USER

TEN: 10, 50 and 90%

TWENTty: 20, 50 and 80%

FIVE: 5, 50 and 95 %

USER: levels are defined with REFLevel :RELative: LOWer,
REFLevel:RELative:MIDDle, and REFLevel :RELative:

UPPer.
*RST: TEN
Example: REFL:REL:MODE TWENty

MEAS2:MAIN RTIM

Sets the reference levels for all measurement places and meas-
ures the rise time between these levels for measurement place 2:
lower reference level = 20% of high signal level

upper reference level = 80% of high signal level

REFLevel:RELative:LOWer <LowerlLevel>
REFLevel:RELative:UPPer <UpperLevel>

Set the lower and upper reference levels for rise and fall time mesurements (cursor and
automatic mesurements) if REFLevel :RELative :MODE is set to USER. The levels are
defined as percentages of the high signal level. They are valid for all measurement pla-

ces.

Parameters:

<LowerLevel> *RST: 10
Default unit: %

<UpperLevel> *RST: 90

Default unit: %

Firmware/Software: 03.400

REFLevel:RELative:MIDDIle <MiddleLevel>

Set the middle reference level used for phase and delay measurements, if REFLevel :
RELative:MODE is set to USER. The level is defined as percentages of the high signal
level. The setting is valid for all measurement places.

Parameters:
<MiddleLevel> *RST: 50
Default unit: %

Firmware/Software: 03.400

14.2.8.5 Automatic Measurements - Statistic

MEASurement<m>:STATIStICS[IENABIE].......iiiiiereiieeieiieeeeiee e e eree e e e et e e e eete e e eenn e eeeean 327
MEASUrement<m>:STATIStICS:WEIGNT......iieieeiiieiiei et e e e e e a e et e e e e e eanees 327
MEASUrement<m>: ST A TIStICSIRESEE..uuiiuiirieeeiie et e e e e e s e e e e e s e aeneen 327
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MEASUrement<mM>:RESUIEAVG?.......oieeieei et e e e s e e e e e e e e e eeanas 328
MEASUrement<m>:RESUIEISTDDEV?....cuuuieieeiiereieeeeetieeeeeeetnaeeeeretnaeeeerestaiesseesnaeessessnns 328
MEASUrement<m>:RESUIEINPEAK?......ccccvvuiieeeeeiiieeeeeeeiieeeeeeeteeeeeeetaaeeesessaeeeseernneeeesenns 328
MEASUrement<m>:RESUILIPPEGK?.........ioiiiieieeeeeeeiieeeeeeeeeee e et e e e e eeeeeeeeenaeeeeeraneeeerenas 328
MEASurement<m>:RESUIE:WFMCOUNE?........oomnieii et 329
MEASurement<m>:STATIStICS:VALUEGIALL?..... oo 329
MEASUrement<m>:STATIStICS:VALUBKN>?....ccuiieeieeeeee ettt e e e e eeans 329

MEASurement<m>:STATistics[:ENABIe] <StatisticEnable>

Activates or deactivates the statistical evaluation for the selected measurement.

Suffix:
<m> 1.4
Selects the measurement place.
Parameters:
<StatisticEnable> ON | OFF

*RST: OFF
Firmware/Software: FW 03.700

MEASurement<m>:STATistics:WEIGht <AverageCount>

Sets the number of measured waveforms used for calculation of average and standard

deviation.
Suffix:
<m> 1.4
Selects the measurement place.
Parameters:

<AverageCount> Range: 2 to 1000
Increment: 1
*RST: 1000

Firmware/Software: FW 03.700

MEASurement<m>:STATistics:RESet

Deletes the statistical results for the selected measurement, and starts a new statistical
evaluation if the acquisition is running. The waveform count is set to 0 and all measure-
ment values are set to NAN.

Suffix:
<m> 1.4

Selects the measurement place.
Usage: Event

Firmware/Software: FW 03.700
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MEASurement<m>:RESult:AVG? <AverageValue>
Returns the average value of the current mesurement series.

The number of waveforms used for calculation is defined with MEASurement<m>:
STATistics:WEIGht.

Suffix:
<m> 1.4
Selects the measurement place.

Query parameters:
<AverageValue> Statistic value

Usage: Query only
Firmware/Software: FW 03.700

MEASurement<m>:RESult:STDDev? <StandardDeviation>
Returns the statistical standard deviation of the current mesurement series.

The number of waveforms used for calculation is defined with MEASurement<m>:
STATistics:WEIGht.

Suffix:
<m> 1.4
Selects the measurement place.

Query parameters:
<StandardDeviation> Statistic value

Usage: Query only
Firmware/Software: FW 03.700

MEASurement<m>:RESult:NPEak? <NegativePeak>
Returns the minimum measurement value of the current measurement series.

Suffix:
<m> 1.4
Selects the measurement place.

Query parameters:
<NegativePeak> Minimum measurement value

Usage: Query only
Firmware/Software: F\W 03.700

MEASurement<m>:RESult:PPEak? <PositivePeak>

Returns the maximum measurement value of the current measurement series.
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Suffix:
<m> 1.4
Selects the measurement place.

Query parameters:
<PositivePeak> Maximum measurement value

Usage: Query only
Firmware/Software: FW 03.700

MEASurement<m>:RESult:WFMCount? <WaveformCount>
Returns the current number of measured waveforms.

Suffix:
<m> 1.4
Selects the measurement place.

Query parameters:
<WaveformCount> Number of measured waveforms

Usage: Query only
Firmware/Software: FW 03.700

MEASurement<m>:STATistics:VALue:ALL?
Returns all values from the statistics buffer.

Suffix:
<m> 1.4
Selects the measurement place.

Return values:
<ValuelList> Comma-separated list of statistical values

Usage: Query only

MEASurement<m>:STATistics:VALue<n>?

Returns one statistical value from the indicated buffer place.

Suffix:
<m> 1.4

Selects the measurement place.
<n> *

Buffer place. The buffer size is limited by MEASurement<m>:
STATistics:WEIGht.

Return values:
<StatisticValue> Statistical value

Usage: Query only
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14.2.9 Mathematics

This chapter describes commands that configure or perform mathematical functions.
For data queries and conversion, consider also the following commands:

® T[ORMat[:DATA] on page 268

® CALCulate:MATH<m>:DATA:XINCrement? on page 270

® CALCulate:MATH<m>:DATA:XORigin? on page 269

® CALCulate:MATH<m>:DATA:YINCrement? on page 270

® CALCulate:MATH<m>:DATA:YORigin? on page 270

® (CALCulate:MATH<m>:DATA:YRESolution? on page 271

CALCUIAtE MATHSM S S T AT . et ee ettt ettt et e et et e e e e e e e e e e e e e e e enaaenaeenns 330
CALCUIate:MATHSMS ISCALE. .. ettt ettt et et e e e e e e e e e enas 330
CALCUIate:MATHSM> P OSIION. ..c. ettt ettt e e e e e e eeas 331
CALCulate:MATH<mM>[:EXPRESSIONI[:DEFINE].ccetttrtueeuaaaaaaieeeeeeeeeeeeeeeeeeeeeeieieeeaae e e e e e e 331
CALCUIAtE:MATHSMS I DATA . .. et e ettt ee e e e e e s e e e e et e e e e eeaata e e e e eeat e eeeesaannnns 332
CALCuUlate:MATHSM>:DATAIHEADEI?.....uttuuecaeieeeeeeeeeeeeeeeeieeseeaaeeesaaeaeeeeeeeeeesnnaaaaeeeeas 332

CALCulate:MATH<m>:STATe <State>

Defines whether the selected mathematical channel is active or not. Only if a channel is
active it is visible on the screen and can be selected as a source for analysis and display

functions.
Suffix:
<m> 1.4
Selects the math waveform.
Parameters:
<State> ON | OFF

*RST: OFF

CALCulate:MATH<m>:SCALe <Scale>
Sets the vertical scale for the specified math waveform.

In FFT mode, the command sets the vertical scale of the FFT window. The scale unit for
FFT is set with CAL.Culate :MATH<m>:FFT:MAGNitude:SCALe.

Suffix:
<m> 1.4
Selects the math waveform.
IN FFT mode, the numeric suffix is irrelevant.
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Parameters:
<Scale> Scale value

Range: -1.0E-24 to 5.0E+25

Increment: 1, 2, 5 progression, for example, 1mV/div, 2mV/div,
5mV/div, 10, 20, 50...

*RST: 1

CALCulate:MATH<m>:POSition <Position>

Sets the vertical position of the specified math waveform in the window.

Suffix:
<m> 1.4
Selects the math waveform.
Parameters:
<Position> Position value, given in divisions.
Range: -1.880E+02 to 2.120E+02
Increment: 0.01 in reset state
*RST: 2

CALCulate:MATH<m>[:EXPRession][:DEFine] <RemComplExpr>

Defines the equation to be calculated for the selected math waveform as a regular
expression.

For details on available operators, see "Operator" on page 99.

Suffix:
<m> 1.4

Selects the math waveform.
Parameters:

<RemComplExpr>  String parameter, consisting of the mathematical operation and
the source(s) written in parenthesis.

Example: CALC:MATH<2>:EXPR:DEF "CH1+CH2"

Operation Expression string Comment

Addition "ADD(CH1,CH2)" "CH1+CH2" is also possible
Subtraction "SUB(CH1,CH2)" "CH1-CH2" is also possible
Multiplication "MUL(CH1,CH2)" "CH1*CH2" is also possible
Division "DIV(CH1,CH2)" "CH1/CH2" is also possible
Maximum amplitude "MAX(CH1,CH2)"

Minimum amplitude "MIN(CH1,CH2)"

Square "SQR(CH1)"

Square Root "SQRT(CH1)"
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Operation Expression string Comment

Absolute value "ABS(CH1)"

Positive wave "POS(CH1)"

Negative wave "NEG(CH1)"

Reciprocal "REC(CH1)"

Inverse "INV(CH1)"

Common logarithm (basis 10) "LOG(CH1)"

Natural logarithm (basis e) "LN(CH1)"

Derivative "DERI(CH1)"

Integral "INT(CH1)"

IIR low pass "lIRL(CH1,1E6)" CH1 - Source waveform

IIR high pass "IIRH(CH1,1E6)" ;f?h; I‘i)‘:;,‘ssf‘:itg"hat’:s'scmﬂﬁ frequency

FFT "FFTMAG(CH1)" FFT function of the source waveform
See also: chapter 14.2.10, "FFT",
on page 333

CALCulate:MATH<m>:DATA?

Returns the data of the math waveform points for transmission from the instrument to the
controlling computer. The waveforms data can be used in MATHLAB, for example.

To set the export format, use FORMat [ : DATA] on page 268.

Suffix:
<m> 1.4
Selects the math waveform.

Return values:
<Data> List of values according to the format settings - voltages, or mag-
nitudes of a spectrum.

Usage: Query only

CALCulate:MATH<m>:DATA:HEADer?

Returns information on the math waveform.

Table 14-15: Header data

Position Meaning Example

1 XStartin s -9.477E-008 =- 94,77 ns
2 XStopins 9.477E-008 = 94,77 ns

3 Record length of the waveform in Samples 200000

4 Number of values per sample interval, usually 1. 1
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Suffix:
<m> 1.4
Selects the math waveform.

Return values:
<Header> Comma-separated value list

Example: -9.477E-008,9.477E-008,200000, 1

Usage: Query only

FFT

To define an FFT for a channel waveform, use CALC :MATH: EXPR "FFTMAG (CHx) ".

CALCulate:MATH<M>:FFT:WINDOW:TYPE.......ccurturiiriiirierirrrerreereereerieessaasaaaaeeeseeeseessnns 333
CALCuUlate:MATHSM>: ARITNMELCS. ...eeeeeeeeeieieiiiiitiiiiareieseseeeeeaeeeeeeeeesreeeeeeseeeennnnnnnnnaaaas 334
CALCulate:MATH<mM>:FFT:AVERAGE:COUNL......cccittiiiiiiiiiaiaae e e ettt 335
CALCulate:MATH<M>:FFT:MAGNItUJE:SCALE. .. ..t e e eaas 335
CALCulate:MATH<m>:FFT:BANDwidth[:RESolution]:ADJusted?........c.coeieeuiiiieeiiieaieeann. 336
CALCulate:MATH<m>:FFT:BANDwidth[:RESolution]:AUTO.....c.ciiuiiieiiiiiiiireier e 336
CALCulate:MATH<m>:FFT:BANDWidth[:RESOIUtiON]:RATIO.......cereerrrrriieeieeeeereeeeenrennnns 336
CALCulate:MATH<m>:FFT:BANDwidth[:RESolution][:VALUE].......c.ceeirieiiiiiiiiieeieee e, 337
CALCulate:MATH<M>:FFT:CFREQUENCY.....ccettiurieieeeeeeeeieiinnaeseeeeeereeatennaneeeeesseessnnnneens 337
CALCuUlate:MATHSM>FET:FULLSPAN....cituiiiieieieeietiie e ee et e e e e ieiae e e eeaseeeeaa e e e eenn e e e eenanes 337
CALCUIate:MATHSM> IFFT:SPAN . . ittt e e e e e e e e enaenns 337
CALCUIate:MATHSM> FF T ST AR .. e r e e e e e e nenns 338
CALCUIate:MATHSMSIFFT:STOP. .ttt eeas 338
CALCulate:MATH<M>:FFT:TIME:RANGE. ....ceiieeieeeiieecieeeee s eee e see e sse s s s s s s e s e e 338
CALCulate:MATH<M>:FFT:TIME:POSIHION. ...uuiieieeeieeeeeeeeeeiiiiiece s e e e e e e e e e e ee e 339
CALCUIate:MATHSM> FFET:SRATE 2.1t i it iiieie et eeiiie e e eeiee s e e e taae s e e et s e e e e e e e e aaaaneeeeaananns 339

CALCulate:MATH<m>:FFT:WINDow:TYPE <WindowType>
Window functions are multiplied with the input values and thus can improve the FFT
display.

Suffix:
<m> 1.4
The numeric suffix is irrelevant.
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Parameters:
<WindowType> RECTangular | HAMMing | HANNing | BLACkmanharris

RECTangular

The rectangular window multiplies all points by one. The result is
a high frequency accuracy with thin spectral lines, but also with
increased noise. Use this function preferably with pulse response
tests where start and end values are zero.

HAMMing

The Hamming window is bell shaped. Its value is not zero at the
borders of the measuring interval. Thus, the noise level inside the
spectrum is higher than Hanning or Blackman, but smaller than
the rectangular window. The width of the spectral lines is thinner
than the other bell-shaped functions. Use this window to measure
amplitudes of a periodical signal precisely.

HANNing

The Hanning window is bell shaped. Unlike the Hamming window,
its value is zero at the borders of the measuring interval. Thus, the
noise level within the spectrum is reduced and the width of the
spectral lines enlarges. Use this window to measure amplitudes
of a periodical signal precisely.

BLACkmanharris

The Blackman window is bell shaped and has the steepest fall in
its wave shape of all other available functions. Its value is zero at
both borders of the measuring interval. In the Blackman window
the amplitudes can be measured very precisely. However, deter-
mining the frequency is more difficult. Use this window to measure
amplitudes of a periodical signal precisely.

*RST: HANNing

CALCulate:MATH<m>:ARIThmetics <Arithmetics>
Defines the mode for FFT calculation and display.

Suffix:
<m> 1.4
The numeric suffix is irrelevant.
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Parameters:
<Arithmetics> OFF | ENVelope | AVERage

OFF

The FFT is performed without any additional weighting or post-
processing of the acquired data. The new input data is acquired
and displayed, and thus overwrites the previously saved and dis-
played data.

ENVelope

In addition to the normal spectrum, the maximal oscillations are
saved separately and updated for each new spectrum. The max-
imum values are displayed together with the newly acquired val-
ues and form an envelope. This envelope indicates the range of
all FFT trace values that occurred.

AVERage

The average of several spectrums is calculated. The number of
spectrums used for the averaging is defined using the command.
This mode is useful for noise rejection.

*RST: OFF

CALCulate:MATH<m>:FFT:AVERage:COUNt

Defines the number of spectrums used for averaging if CAL.Culate : MATH<m>:
ARIThmetics is set to AVERage.

Suffix:
<m> 1.4
The numeric suffix is irrelevant.
Parameters:
<AverageCount> Integer value

Range: 2 to 512
Increment: 2”n
*RST: 2

CALCulate:MATH<m>:FFT:MAGNitude:SCALe
Defines the scaling unit of the y-axis.
To set the scale value, use CALCulate :MATH<m>:SCALe.

Suffix:
<m> 1.4
The numeric suffix is irrelevant.
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Parameters:
<Magnitude Scale> LINear | DBM | DBV
LINear
linear scaling; displays the RMS value of the voltage.
DBM
logarithmic scaling; related to 1 mW
DBV
logarithmic scaling; related to 1 Veff
*RST: DBM
Example: CALC:MATH:FFT:MAGN:SCAL DBM

CALC:MATH:SCAL 20
Set the Y-scale of the FFT window to 20 dBm.

CALCulate:MATH<m>:FFT:BANDwidth[:RESolution]:ADJusted?
Queries the effective resolution bandwidth.

Suffix:
<m> 1.4
The numeric suffix is irrelevant.

Return values:
<AdjResBW> Range: Depends on various other settings.
Default unit: Hz

Usage: Query only

CALCulate:MATH<m>:FFT:BANDwidth[:RESolution]:AUTO <SpanRBWCoupling>
Couples the frequency span to the RBW.

Suffix:
<m> 1.4

The numeric suffix is irrelevant.
Parameters:

<SpanRBWCoupling>ON | OFF

CALCulate:MATH<m>:FFT:BANDwidth[:RESolution]:RATio <SpanRBWRatio>

Defines the ratio of span (Hz) / resolution bandwidth (Hz). The span/RBW ratio is half the
number of points used for FFT which is defined with manual operation in the menu.

Suffix:
<m> 1.4

The numeric suffix is irrelevant.
Parameters:

<SpanRBWRatio>  Range: The value is changed in 2*n steps from 2210 to 215
(1024, 2048,4096,8192,16384, 32768).
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Example: CALC:MATH:FFT:BAND:RAT 32768
Sets the number of points to 65536.

CALCulate:MATH<m>:FFT:BANDwidth[:RESolution][:VALue] <ResolutionBW>

Defines the resolution bandwidth - the minimum frequency step at which the individual
components of a spectrum can be distinguished

Suffix:
<m> 1.4
The numeric suffix is irrelevant.
Parameters:
<ResolutionBW> Range: Depends on various other settings.

Default unit: Hz

CALCulate:MATH<m>:FFT:CFRequency <CenterFreq>

Defines the position of the displayed frequency domain, which is (Center - Span/2) to
(Center + Span/2). The width of the domain is defined using the CAL.Culate:
MATH<m>:FFT: SPAN command.

Suffix:
<m> 1.4
The numeric suffix is irrelevant.
Parameters:
<CenterFreg> Range: Limited by the first data point (minimum) and last data

point (maximum) of the FFT curve.

Increment: Depends on the span and the number of data points
(span/RBW ratio).

Default unit: Hz

CALCulate:MATH<m>:FFT:FULLspan

Performs FFT calculation for the full frequency span.

Suffix:
<m> 1.4

The numeric suffix is irrelevant.
Usage: Event

CALCulate:MATH<m>:FFT:SPAN <FreqSpan>

The span is specified in Hertz and defines the width of the displayed frequency range,
which is (Center - Span/2) to (Center + Span/2). The position of the span is defined using
the CALCulate :MATH<m>:FFT:CFRequency command.
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Suffix:
<m> 1.4
The numeric suffix is irrelevant.
Parameters:
<FreqSpan> Range: Depends on various other settings, mainly on time

base and span/RBW ratio.
Increment: Only 1|2 |5 in first digit
Default unit: Hz

CALCulate:MATH<m>:FFT:STARt <StartFreq>

Defines the start frequency of the displayed frequency domain at the left display edge:
Center - Span/2

You can set start and stop frequency instead of defining a center frequency and span.

Suffix:
<m> 1.4
The numeric suffix is irrelevant.
Parameters:
<StartFreqg> Range: Depends on various other settings, mainly on time

base, span/RBW ratio, and center frequency.
Default unit: Hz

CALCulate:MATH<m>:FFT:STOP <StopFreq>

Defines the stop frequency of the displayed frequency domain at the right display edge:
Center + Span/2

You can set start and stop frequency instead of defining a center frequency and span.

Suffix:
<m> 1.4
The numeric suffix is irrelevant.
Parameters:
<StopFreg> Range: Depends on various other settings, mainly on time

base, span/RBW ratio, and center frequency.
Default unit: Hz

CALCulate:MATH<m>:FFT:TIME:RANGe

Defines the width of the time base extract from the Y(t)-window for which the FFT is
calculated.

Parameters:
<WindowWidth> Range: depends on the time base
Default unit: s

Firmware/Software: FW 03.800
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CALCulate:MATH<m>:FFT:TIME:POSition

Defines the position of the time base extract in the Y(t)-window for which the FFT is
calculated.

Parameters:
<WindowPosition>  Range: depends on the time base and the width of the FFT
time base extract
Default unit: s

Firmware/Software: FW 03.800

CALCulate:MATH<m>:FFT:SRATe?
Returns the sample rate of data used in an FFT analysis.

Return values:

<SampleRate> Default unit: Sa/s

Usage: Query only

Masks

NS Y SR I 2N 1Y 340
AN G I 0 N 340
Y AN (G K 7 2 I PPN 340
Y AN NGRS NV 340
Y AN NGRS @ 10 | LT TR 340
MAS K CHC OPY e etttvttutuuueieieeeeeeeeeeteteeretsstt e iaseesaeaaesereeersssstarasanassaesasasesesereesssrsnrannnnnns 340
MASK:Y POSIION. 11tttieeieeeeeieieeeetstieeaeeseeeeeeeeeeeeesbab e seeseeeeeseerssstasasnanaseeeseesereesrssrannnns 341
MASK Y SCAIE...cetuuiieieitiieeeeettee e e ettt aereeseat e reeseetteeseetanaessetannsaesestnnaaesessansaesesranseesenrans 341
Y AN S 20T | { o N 341
Y AN SO0 QAT | ] { o N 341
Y AN S OO 18]\ | o 342
NS Y NGV 01 @ 1T o | 342
MASKRESEECOUNLET. .. uuueieieeeeeeeeeeeeeeeeeeeeeeeeeerer e aeeaeseseeaeaaaaesaseseeeeeessesssrasannnnnnnns 342
MASK:ACTION:SOUNA:EVENEMODE........iiuiiiiiiiiieiieieeieeiesieeeeeeeeneenesnesnesneeneeneensensensens 342
MASK:ACTION:STOP:EVENEIMODE.... ..ttt sttt et ea s ea e e s e s e s e s s saenens 342
MASK:ACTion:SCRSaVe:EVENEMODE........c.cuuiiiiiiiiiei et 342
MASK:ACTION:PRINEEVENEMODE..... oottt et e et e e enaens 342
MASK:ACTion:WFMSave:EVENLTMODE........ccoiiiiiiiiree e e 342
MASK:ACTIioN:SOUNd:EVENECOUNL.....cuieiiiieiiiie e st st st et eae e e s e s e s e s e e e eaeaenens 343
MASK:ACTION:STOP:EVENECOUNL . ...ivuiiiiiiii it e e s s s s e e e s e s en e eaea s e e eneens 343
MASK:ACTIion:SCRSaVe:EVENE:COUNTL.......uiiiiiite et et eeeetee et e e et e e e eaa e e eeenas 343
MASK:ACTION:PRINEEVENECOUNEL. ...t ee e et e s s e e s e e eaeenea e ennenas 343
MASK:ACTion:WFMSave:EVENECOUNTL. ...ttt e e e e e e e e e eenas 343
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MASK:STATe <State>

Turns the mask test mode on or off. When turning off, any temporarily stored new masks
are deleted.

Parameters:
<State> ON | OFF

*RST: OFF

MASK:TEST <Test>
Starts, finishes or interrupts a mask test.

Parameters:
<Test> RUN | STOP | PAUSe

*RST: STOP

MASK:LOAD <FileName>
Loads a stored mask from the specified file.

Setting parameters:
<FileName> String parameter

Path and file name

Usage: Setting only

MASK:SAVE <FileName>
Saves the current mask in the specified file.

Setting parameters:
<FileName> String parameter

Path and file name

Usage: Setting only

MASK:SOURce <Source>

Defines the channel to be compared with the mask.

Parameters:

<Source> CH1 | CH2 | CH3 | CH4
CH3 and CH4 are only available on 4-channel R&S RTM models.
*RST: CH1

MASK:CHCopy

Creates a mask from the envelope waveform of the test source set with MASK: SOURce.
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Usage: Event

MASK:YPOSition <Yposition>

Moves the mask vertically within the display.

Parameters:

<Yposition> Mask offset from the vertical center
Range: -200 to 200
Increment: 0,02
*RST: 0

Default unit: div

MASK:YSCale <Yscale>
Changes the vertical scaling to stretch or compress the mask in y-direction.

Parameters:
<Yscale> A value over 100% stretches the amplitudes; a value less than
100% compresses the amplitudes.
Range: 10 to 1000
Increment: 1
*RST: 100
Default unit: %

MASK:YWIDth <Yaddition>
Changes the width of the mask in vertical direction.

Parameters:
<Yaddition> The value is added to the y-values of the upper mask limit and
subtracted from the y-values of the lower mask limit.
Range: 0 to 512
Increment: 0,04
*RST: 0
Default unit: div

MASK:XWIDth <Xaddition>

Changes the width of the mask in horizontal direction.

Parameters:

<Xaddition> The value is added to the positive x-values and subtracted from
the negative x-values of the mask limits in relation to the mask
center.

Range: 0 to 10
Increment: 0,01
*RST: 0
Default unit: div
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MASK:COUNt?
Returns the number of tested acquisitions.

Return values:

<TotalCount> Total number of tested acquisitions
Usage: Query only
MASK:VCOunt?

Returns the number of acquistions that hit the mask.

Return values:
<ViolationCount> Acquisition count

Usage: Query only

MASK:RESet:COUNter
Sets the counters of passed and failed acquisitions to Zero.
Usage: Event

Firmware/Software: F\W 03.800

MASK:ACTion:SOUNd:EVENt:MODE <EventMode>
MASK:ACTion:STOP:EVENt:MODE <EventMode>
MASK:ACTion:SCRSave:EVENt:MODE <EventMode>
MASK:ACTion:PRINt:EVENt:MODE <EventMode>
MASK:ACTion:WFMSave:EVENt:MODE <EventMode>

Defines when and how often the action will be executed.

e SOUNd: Generates a beep sound.
e STOP: Stops the waveform acquisition.

e PRINTt: Prints a screenshot to a printer connected to the USB connector on the front
or rear panel.

e SCRSave: Saves a screenshot according to printer output settings.

e WFMSave: Saves the waveform data according to the screenshot output settings.
For output settings, see chapter 14.2.14.1, "Screenshots", on page 413.
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Parameters:

<EventMode> OFF | EACH | SINGIe | CYCLic
OFF
No action is executed.
EACH
The selected action is executed on each violation of the mask.
SINGle
The selected action is executed once after the n-th violation.
CYCLic
The selected action is executed repeatedly after each n-th viola-
tion.

The number of violations <n> is set with the relevant

*RST: OFF
Firmware/Software: F\W 03.800

MASK:ACTion:SOUNd:EVENt:COUNt <EventCount>
MASK:ACTion:STOP:EVENt:COUNt <EventCount>
MASK:ACTion:SCRSave:EVENt:COUNt <EventCount>
MASK:ACTion:PRINt:EVENt:COUNt <EventCount>
MASK:ACTion:WFMSave:EVENt:COUNt <EventCount>

Sets the number of mask violations after which the action is executed. The command is

CYCLic.

Parameters:
<EventCount> Integer value, number of mask violations

Firmware/Software: FW 03.800

14.2.12 Search

e General Search Configuration...........cooocccciiiiiiiiiee e 344
e Edge Search Configuration...........cooiiiiiiiiiiiiiiie e 347
o Width Search Configuration............ccccoiiiiiii e 347
o Peak Search Configuration...... ... 349
e Rise/Fall Time Search Configuration.................eeueiiiiiiiiiiiiiiiiiiieeeeeeeeeee e 350
o Runt Search Configuration.........c.coi e 351
o Data2Clock Search Configuration............occueeiiiiiiiiiie e 353
e Pattern Search Configuration...........ccceeeeiiiiiii i 355
O SEAICH RESUIES. ...t 357
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General Search Configuration

S =y AN e RS X I 2N = 344
] Y e o O 11 | 11T o TR 344
] Y e g RS T 11 L (o= R 346
SEARCH:GATEIMODE..... ittt e e te e e e s e s e s e s et et st rensanesneransanrannenns 346
SEARCH:GATE:ABSOIUIE:ISTART ...t eei ettt e e e e et ettt ae s e e e e e e e eee b et eeeaeseeeeesbaaneaeeas 346
SEARCh:GATE:ABSOIUtEISTOP. ... ittt e et e et e e et e e e e e eee e e et e e enaaaas 346

SEARCch:STATe <SearchState>

Enables and disables the search mode.

Parameters:

<SearchState> ON | OFF
*RST: OFF

Example: chapter 14.3.2.1, "Searching for a Pulse of Specified Width",
on page 432

Firmware/Software: FW 03.400

SEARch:CONDition <SearchCondition>

Selects the event you want to search for.
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Parameters:
<SearchCondition> EDGE |WIDTh | PEAK|RUNT | RTIMe | DATatoclock | PATTern |
PROTocol

EDGE
An edge search result is found when the waveform passes the
given level in the specified direction.

WIDTH

A width search finds pulses with an exact pulse width, or pulses
shorter or longer than a given time, or pulses inside or outside the
allowable time range.

PEAK
The peak search finds pulses exceeding a given amplitude.

RUNT

The runt search finds pulses lower than normal in amplitude. The
amplitude crosses the first threshold twice without crossing the
second one. In addition to the threshold amplitudes, you can
define a time limit for the runt in the same way as for width search:
runts with exact width, shorter or longer than a given time, or runts
inside or outside the allowable time range.

RTIMe

The rise or fall time search finds slopes with an exact rise or fall
time, or rise/fall times shorter or longer than a given limit, or rise/
fall times inside or outside the allowable time range.

DATatoclock

The Data2Clock search - also known as setup/hold - finds violation
of setup and hold times. It analyzes the relative timing between
two signals: a data signal and the synchronous clock signal. Setup
time is the time that the data signal is steady before clock edge.
Hold time is the time that the data signal is steady after clock edge.

PATTern

The pattern search finds logical combinations of channel states
inside or outside a specified time range. For each channel, its state
and threshold level is defined. The states are combined logically,
and the time of true pattern results is compared with a specified
time range.

PROTocol

The protocol search finds various events in decoded data of CAN
or LIN signals, for example, a specified frame type, identifier, data,
and errors. Available search settings depend on the configured
bus type BUS : TYPE. For bus types PARallel, 12C, SPI, SSPI, and
UART you can set the PROTocol search condition, but no search
is available.

*RST: EDGE

Example: chapter 14.3.2.1, "Searching for a Pulse of Specified Width",
on page 432

Firmware/Software: FW 03.400

|
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SEARch:SOURce <SearchSource>

Selects the waveform to be analyzed. One of the active channel, math, and reference
waveforms can be searched.

Parameters:
<SearchSource>

Example:

CH1 | CH2 | CH3 | CH4 | MA1 | MA2 | MA3 | MA4 | RE1 | RE2 |
RE3 | RE4

*RST: CH1

chapter 14.3.2.1, "Searching for a Pulse of Specified Width",
on page 432

Firmware/Software: FW 03.400

SEARch:GATE:MODE

Defines the search area. If the search is performed on a running acquisition series, the
instrument analyzes the displayed data. The search on a stopped acquisition analyzes
the contents of the memory.

Parameters:
<GateMode>

OFF | DISPlay | ABSolute

OFF

Running acquisition: all waveform samples that are displayed on
the screen.

Stopped acquisition: all data samples that are stored in the mem-
ory.

DISPlay

Search is restricted to the time range of the display.

ABSolute

Search is restricted to the time range defined by SEARch :
GATE:ABSolute:START and SEARch:GATE:ABSolute: STOP

SEARch:GATE:ABSolute:START <StartTime>

Sets the start time of the search area in relation to the trigger point if SEARch : GATE :
MODE on page 346 is set to ABSolute.

Parameters:
<StartTime>

Default unit: s

SEARch:GATE:ABSolute:STOP <StopTime>

Sets the end time of the search area in relation to the trigger point if SEARch : GATE :
MODE on page 346 is set to ABSolute.

Parameters:
<StopTime>

Default unit: s

—
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14.212.2 [Edge Search Configuration

SEARCh:TRIGQENEDGE:SLOPE. ... ettt e e e e e eeas 347
SEARCH:TRIGGEIEDGELEVEL. ....uiiiiiiieee ettt e e e e e e 347
SEARCh:TRIGQErEDGE:LEVEIDELTA......ccceieieieiiiicaae e e e e e eeeeeeeieieae e e s e e e e eeeeeenennaaneeeeas 347

SEARch:TRIGger:EDGE:SLOPe <Slope>
Sets the slope to be found.

Parameters:
<Slope> POSitive | NEGative | EITHer

*RST: POS
Firmware/Software: FW 03.400

SEARch:TRIGger:EDGE:LEVel <Level>
Sets the voltage level for the edge search.

Parameters:
<Level> *RST: 06V

Firmware/Software: F\W 03.400

SEARch:TRIGger:EDGE:LEVel:DELTa <DeltaLevel>

Sets a hysteresis range above and below the search level to avoid unwanted search
results caused by noise oscillation around the level.

Parameters:
<DeltaLevel> Range: Lower limit depends on vertical scale and other set-
tings, no upper limit
*RST: 0.2V
Firmware/Software: FW 03.400
14.2.12.3 Width Search Configuration

SEARCH:TRIGGErWIDTH:POLAIMY . ceettutuaaeeeeeeeeeeeeieiiaeaae e e eeeeeeeeeaeieaae e e eeeeeeeeeeennnaaaeeeens 347
SEARCH:TRIGGEINWIDTR:LEVEL.ceiutuuceieeiieeeeeeeeeeiteeeee e e e e e e e e s e eeeteaaae s e e e e e e e eeeeeansnnanaeeees 348
SEARCh:TRIGGErNWID T Th:LEV eI DELT @t et ieeiiiieeeeetiieeeeeeieeeeeetseesenteeeeseateeeesesaeeeseananss 348
SEARCH:TRIGENWIDTNIRANGE. ....uiieeiitteieeeeeeteieeeeeettee e e e s ettt e e e seetaaeseeeeesta e eesessananns 348
SEARCh: TRIGGErWIDTh:WIDTH. ..ttt ettt e e e e e e e e e e e e e enas 349
SEARCh: TRIGGErWIDTh:DELTA. ... ieieeeeee ettt ettt et et e e e e eaas 349

SEARch:TRIGger:WIDTh:POLarity <Polarity>

Indicates the polarity of the pulse to be searched for.
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Parameters:

<Polarity> POSitive | NEGative
*RST: POS

Example: chapter 14.3.2.1, "Searching for a Pulse of Specified Width",
on page 432

Firmware/Software: F\W 03.400

SEARch:TRIGger:WIDTh:LEVel <Level>
Sets the voltage level on which the pulse width is measured.

Parameters:
<Level> *RST: 500 mV

Firmware/Software: F\W 03.400

SEARch:TRIGger:WIDTh:LEVel:DELTa <DeltaLevel>

Sets a hysteresis range above and below the search level to avoid unwanted search
results caused by noise oscillation around the level.

Parameters:
<DeltaLevel> Range: Lower limit depends on vertical scale and other set-
tings, no upper limit
*RST: 200 mVv

Firmware/Software: FW 03.400

SEARch:TRIGger:WIDTh:RANGe <Range>
Sets how the measured pulse width is compared with the given limit(s).
To set the width, use SEARch: TRIGger :WIDTh:WIDTh.

To set the range + At, use SEARch : TRIGger :WIDTh:DELTa.

Parameters:

<Range> WITHin | OUTSide | SHORter | LONGer
WITHin
Finds pulses inside the range width t At.
OUTSide
Finds pulses outside the range width t At.
SHORter
Finds pulses shorter than the given width.
LONGer
Finds pulses longer than the given width.
*RST: WITH

Example: chapter 14.3.2.1, "Searching for a Pulse of Specified Width",
on page 432

—
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Firmware/Software: FW 03.400

SEARch:TRIGger:WIDTh:WIDTh <Width>

Sets the reference pulse width, the nominal value for comparisons.

Parameters:
<Width> Default unit: s
Example: chapter 14.3.2.1, "Searching for a Pulse of Specified Width",

on page 432
Firmware/Software: FW 03.400

SEARch:TRIGger:WIDTh:DELTa <DeltaWidth>

Sets a range At to the reference pulse width set with SEARch : TRIGger :WIDTh:
WIDTh if SEARch: TRIGger :WIDTh:RANGe is set to WITHin or OUTSide

Parameters:
<DeltaWidth> Range: Lower limit depends on the resolution, practically no
upper limit
Example: chapter 14.3.2.1, "Searching for a Pulse of Specified Width",
on page 432
Firmware/Software: FW 03.400
14.2.12.4 Peak Search Configuration
SEARCh:MEASUrE:PEAKIPOLAIY.....cvvuieieiiiiieeeeiitiieeseetee s eesetteeeeeseateeeeeesaeeeeesteseesennanss 349
SEARCh:MEASUre:LEVel:PEAK:IMAGNITUGE. ....c.uieieee et 349

SEARch:MEASure:PEAK:POLarity <Polarity>
Indicates the polarity of a the pulse to be searched for a peak.

Parameters:
<Polarity> POSitive | NEGative | EITHer

*RST: POS
Firmware/Software: FW 03.400

SEARch:MEASure:LEVel:PEAK:MAGNitude <Magnitude>
Sets the amplitude limit.

Parameters:
<Magnitude> Default unit: V

Firmware/Software: FW 03.400
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14.2.12.5 Rise/Fall Time Search Configuration

SEARCh:TRIGErRISEHMEISLOPE. ... .iiiieieeieieie et e e e e e e as 350
SEARCch:TRIGer:LEVel:RISEHMEILOWET.......ccceee e 350
SEARCh:TRIGer:LEVel:RISEHMEIUPPET. .......ccceiieieeie et e et e e e e s 350
SEARCh:TRIGQErRISEMEIRANGE. ... .ccieetieieeeiee ettt et e e e e e e et e e e eeae e e e eenanns 350
SEARCh:TRIGGErRISEMETIME......cctuiieeiiitiiieeeeeeieeeeeeeetee e e e e eeteeeeeseebteeeeesnaeeeeeesnnanns 351
SEARCh: TRIGQErRISEHMEIDELTA. ..ccuuiiiiieieieeeiiieeeeeiiee e et e eeeeaeeeeeeaaeeeeeaeeseereeereranns 351

SEARch:TRIGger:RISetime:SLOPe <Polarity>
Sets the slope to be found.

Parameters:
<Polarity> POSitive | NEGative | EITHer

POSitive: to search for rise time.
NEGative to search for fall time.
EITHer: to search for rise and fall time

*RST: POS
Firmware/Software: FW 03.700

SEARch:TRIGger:LEVel:RISetime:LOWer <LowerLevel>

Sets the lower voltage threshold. When the signal crosses this level, the rise time mea-
surement starts or stops depending on the selected slope.

Parameters:
<LowerlLevel> *RST: 400 mV
Default unit: V

Firmware/Software: FW 03.700

SEARch:TRIGger:LEVel:RISetime:UPPer <UpperLevel>

Sets the upper voltage threshold. When the signal crosses this level, the rise/fall time
measurement starts or stops depending on the selected slope.

Parameters:
<UpperLevel> *RST: 600 mV
Default unit: V

Firmware/Software: FW 03.700

SEARch:TRIGger:RISetime:RANGe <Range>
Sets how the measured rise or fall time is compared with the given limit(s).
To set the rise/fall time, use SEARch: TRIGger:RISetime: TIME.

To set the range + At, use SEARch: TRIGger:RISetime:DELTa.

—
User Manual 1305.0595.02 — 08 350



R&S®RTM Remote Control

Command Reference

Parameters:

<Range> LONGer | SHORter | WITHin | OUTSide
LONGer
Finds rise/fall times longer than the given time.
SHORter
Finds rise/fall times shorter than the given time.
WITHin
Finds rise/fall times inside the range time + At.
OUTSide
Finds rise/fall times outside the range time + At.
*RST: LONG

Firmware/Software: FW 03.700

SEARch:TRIGger:RISetime:TIME <Time>

Sets the reference rise or fall time, the nominal value for comparisons.

Parameters:
<Time> Range: Depends on various settings, mainly time base and
sample rate
*RST: 200e-6

Default unit: s

Firmware/Software: FW 03.700

SEARch:TRIGger:RISetime:DELTa <DeltaTime>

Sets a range At to the reference rise/fall time set with SEARch: TRIGger:RISetime:
TIME if SEARch:TRIGger:RISetime:RANGe on page 350 is setto Within or
Outside. The instrument finds rise/fall times inside or outside the range time + At.

Parameters:
<DeltaTime> Range: Depends on various settings, mainly time base and
sample rate
*RST: 50e-6

Default unit: s

Firmware/Software: FW 03.700

14.2.12.6 Runt Search Configuration

SEARCH:TRIGGENRUNT:POLAIMY . ...iiiiirieieeiieiieeeeetiieeeeeeteeeeeerieeeseetseesesteeeesesaeeerennanss 352
SEARCh:TRIGQGErLEVELRUNT:LOWET. ... ettt e et e e e e e e e e e e e e eeas 352
SEARCh:TRIGGErLEVELRUNTUPPEN ... ..ttt eas 352
SEARCh:TRIGGErRUNT:RANGE. ... ettt e e e 352
SEARCH:TRIGGEIRUNTIWIDTR. ¢ttt ie e e e e e e e eeeeeeeeeeieeeeeee e e e e e e e e e e e e e e eeeeeeeen e e e eeeeeas 353
SEARCH: TRIGGEIRUNTIDELTA 1 uutuuuuaaaeieeeeeeeeeeeeeeeeaninsenaeaaaaeeesseeaeseseeeenneesnsnnnnaaaaeeeseees 353

—
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SEARch:TRIGger:RUNT:POLarity <Polarity>
Indicates the polarity of a the runt to be searched for.

Parameters:
<Polarity> POSitive | NEGative | EITHer

*RST: POS
Firmware/Software: FW 03.700

SEARch:TRIGger:LEVel:RUNT:LOWer <LowerlLevel>

Sets the lower voltage threshold for runt detection. A positive runt crosses the lower level
twice without crossing the upper level.

Parameters:
<LowerlLevel> *RST: 400 mV
Default unit: V

Firmware/Software: FW 03.700

SEARch:TRIGger:LEVel:RUNT:UPPer <UpperLevel>

Sets the upper voltage threshold for runt detection. A negative runt crosses the upper
level twice without crossing the lower level.

Parameters:
<UpperLevel> *RST: 600 mV
Default unit: V

Firmware/Software: FW 03.700

SEARch:TRIGger:RUNT:RANGe <Range>
Sets how the measured pulse width is compared with the given limit(s).
To set the width, use SEARch : TRIGger : RUNT : WIDTh.

To set the range + At, use SEARch: TRIGger : RUNT : DELTa.

Parameters:

<Range> LONGer | SHORter | WITHin | OUTSide
LONGer
Finds pulses longer than the given width.
SHORter
Finds pulses shorter than the given width.
WITHin
Finds pulses inside the range width t At.
OUTSide
Finds pulses outside the range width + At.
*RST: LONG
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Firmware/Software: FW 03.700

SEARch:TRIGger:RUNT:WIDTh <Width>

Sets the reference runt pulse width, the nominal value for comparisons.

Parameters:
<Width> Range: Depends on various settings, mainly time base and
sample rate
*RST: 200e-6

Default unit: s

Firmware/Software: FW 03.700

SEARch:TRIGger:RUNT:DELTa <DeltaWidth>

Sets a range At to the reference pulse width set with SEARch: TRIGger : RUNT : WIDTh
if SEARch: TRIGger : RUNT : RANGe on page 352 is set to WITHin or OUTSide.

Parameters:
<DeltaWidth> Range: Depends on various settings, mainly time base and
sample rate
*RST: 50e-6

Default unit: s

Firmware/Software: FW 03.700

14.2.12.7 Data2Clock Search Configuration

SEARCh:TRIGGer:DATatOCIOCK:CSOUICE. ... uieeeeeeeeieieiieaae e e e e e eeeeeeeeiaaae s e e e e e e eeeeennnaaeeeeas 353
SEARCch:TRIGQer:DATatOCIOCK:CLEVEL. c...uuuuieeiieeaaeaeie e e e e e e e e e e e e e e ee e s 354
SEARCh:TRIGQEr:DATAtOCIOCK:DLEVEL.c..uuciieiietiiieeeeeetiee s eee ettt e e e ettt e e e e e ee e e e e e eeraaas 354
SEARCch:TRIGger:DATatoCloCK:CLEVEIDELT . . uuuuuueieieieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeennnnnns 354
SEARCch:TRIGger:DATatoCloCK:DLEVEIDELT A ccuuueieeeieerieeeeeeeeiiiieeeeeeeeteeeeeereenaeeeeeeeennas 354
SEARCh:TRIGGEr:DATAtOCIOCK:CEDGE. ....ccitiiuuuieeeeaeeeeeitae e e e e e e eeeee e e e e e e e e eeeen e as 354
SEARCh:TRIGGer:DATAtOCIOCK: HTIME. ....uieeeeeee et 354
SEARCh:TRIGQErDATAtOCIOCK:STIME. . .cetuueiiieiiie e ettt e et e e e e e e e e e e eenaens 355

SEARch:TRIGger:DATatoclock:CSOurce <ClockSource>

Selects the input channel of the clock signal.

Parameters:

<ClockSource> CH1 | CH2 | CH3 | CH4 | MA1 | MA2 | MA3 | MA4 | MA5 | RE1 |
RE2 | RE3 | RE4
*RST: CH1

Firmware/Software: F\W 03.800
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SEARch:TRIGger:DATatoclock:CLEVel <ClockLevel>

Sets the voltage level for the clock signal. Clock level and clock edge define the reference
point for setup and hold time.

Parameters:
<ClockLevel> Range: depends on vertical scale

Firmware/Software: F\W 03.800

SEARch:TRIGger:DATatoclock:DLEVel <Datalevel>
Sets the voltage level for the data signal. The data lavel defines the point of data transition.

Parameters:
<DatalLevel> Range: depends on vertical scale

Firmware/Software: F\W 03.800

SEARch:TRIGger:DATatoclock:CLEVel:DELTa <LevelDelta>
SEARch:TRIGger:DATatoclock:DLEVel:DELTa <LevelDelta>

Set a hysteresis range to the clock and data levels in order to avoid unwanted search
results caused by noise oscillation around the level. For a rising edge, the hysteresis is
below the search level. Otherwise, for a falling edge the hysteresis is above the level.

Parameters:
<LevelDelta> Range: Lower limit depends on vertical scale and other set-
tings, no upper limit

Firmware/Software: F\W 03.800

SEARch:TRIGger:DATatoclock:CEDGe <ClockEdge>

Sets the edge of the clock signal to define the time reference point for the setup and hold
time.

Parameters:
<ClockEdge> POSitive | NEGative | EITHer

*RST: POS
Firmware/Software: FW 03.800

SEARch:TRIGger:DATatoclock:HTIMe <HoldTime>

Sets the minimum time after the clock edge while the data signal must stay steady above
or below the data level. The hold time can be negative. In this case, the hold time ends
before the clock edge, and the setup time must be positive and longer than the absolute
value of the hold time.

Parameters:
<HoldTime> Range: depends on time base and sample interval
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Firmware/Software: FW 03.800

SEARch:TRIGger:DATatoclock:STIMe <SetupTime>

Sets the minimum time before the clock edge while the data signal must stay steady
above or below the data level. The setup time can be negative. In this case, the setup
interval starts after the clock edge, and the hold time must be positive and longer than
the absolute value of the setup time.

Parameters:
<SetupTime> Range: depends on time base and sample interval

Firmware/Software: FW 03.800

14.2.12.8 Pattern Search Configuration

SEARCh:TRIGGENPATTEIMN:SOURCE. .....iiiiitiiieei et ieeeettie e e e e etae e e e seaeeeeesereeeeeesteeaerennanss 355
SEARCh:TRIGQErPATTErN:FUNCHON. ......cetuieeieeiieiieeeeeeetiee e e e eetee e e e e eebee e e e e eebaeeeeeesananes 355
SEARCh:TRIGErPATTEMMILEVEISN>. ..ottt 356
SEARCch:TRIGer:PATTErn:LEVEl<N>DELTa. . ..cciiiiiiiiiiiieeaiaae e e e e eeeeeee e 356
SEARCch:TRIGger:PATTErn:WIDTh:RANGE.......ccceieeeeieeeieieeeaae e e e e e e e e e e e eeeeeeinena e e e eas 356
SEARCch:TRIGger:PATTern:WIDThWIDTH] cuuuiiiieeieieeieere et eenes 357
SEARCh:TRIGQEr:PATTErN:WIDTH:DELTA....cccuuuieeeeeitiieeeeeeeieieeeeeteeeeeeeneeeeeeernaeeeesennanss 357

SEARch:TRIGger:PATTern:SOURce <Pattern>
Specifies the search pattern - the state for each channel.

Parameters:

<Pattern> String parameter
String containing 0, 1, X|x for each channel. The order of channels
is fixed: CH1 CH2 [CH3 CH4].

Example: SEAR:TRIG:PATT:SOUR '1X10'
CH1, CH3 are high, CH4 is low. These states are logically com-
bined with SEARch : TRIGger: PATTern: FUNCtion. CH2 does
not matter (don't care).

SEARch:TRIGger:PATTern:FUNCtion <Function>

Sets the logical combination of the channel states.

—
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Parameters:
<Function> AND | OR | NAND | NOR

AND
The required states of all channels must appear in the input signal
at the same time.

OR
At least one of the channels must have the required state.

NAND
"Not and" operator, at least one of the channels does not have the
required state.

NOR
"Not or" operator, none of the channels has the required state.
*RST: AND

SEARch:TRIGger:PATTern:LEVel<n> <ThresholdLevel>

Sets the threshold value for each specified source channel. You can set different levels
for the channels

Suffix:

<n> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<ThresholdLevel> Range: Depends on vertical scale

SEARch:TRIGger:PATTern:LEVel<n>:DELTa <LevelDelta>

Sets a hysteresis range to the level of the specified source channel in order to avoid
unwanted search results caused by noise oscillation around the level. For a rising edge,
the hysteresis is below the search level. Otherwise, for a falling edge the hysteresis is
above the level.

Suffix:

<n> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<LevelDelta> Range: Lower limit depends on vertical scale and other set-

tings, no upper limit

SEARch:TRIGger:PATTern:WIDTh:RANGe <Range>

Sets the condition how the duration of a steady pattern is compared with the given ref-
erence time.

To set the reference value width, use SEARch: TRIGger : PATTern:WIDTh [ :WIDTh]
on page 357.

—
User Manual 1305.0595.02 — 08 356



R&S®RTM Remote Control

Command Reference

To set arange Af, use SEARch: TRIGger: PATTern:WIDTh:DELTa on page 357

Parameters:
<Range> WITHin | OUTSide | LONGer | SHORter

WITHin

Finds patterns steady for a time range width + At.
OUTSide

Finds patterns outside a time range width + At.

LONGer
Finds patterns steady for at least the given width.

SHORter
Finds patterns shorter than the given width.

*RST: LONG

SEARch:TRIGger:PATTern:WIDTh[:WIDTh] <Width>
Sets the reference time of a steady pattern, the nominal value for comparisons.

Parameters:
<Width> Default unit: s

SEARch:TRIGger:PATTern:WIDTh:DELTa <DeltaTime>

Sets a range At to the reference pattern duration set with SEARch: TRIGger:
PATTern:WIDTh[:WIDTh] if SEARch:TRIGger:PATTern:WIDTh:RANGe is set to
WITHin or OUTSide.

Parameters:
<DeltaTime> Default unit: s

14.2.12.9 Search Results

SEARCh:RESDIAQram:SHOW........ciiiiieieeieiteieeeeetce e e eeetie e e e et e e e eete e e e seateeeeeeabaeeesennanns 357
ST e S T I P 358
ST Y e g o S T S o PR 358
R AN ed T {0 T S 359

SEARch:RESDiagram:SHOW <ResultShow>

Shows or hides the table of search results.

Parameters:

<ResultShow> ON | OFF
*RST: OFF

Example: chapter 14.3.2.1, "Searching for a Pulse of Specified Width",
on page 432

Firmware/Software: F\W 03.400
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SEARch:RESult:ALL?
Returns all result values of the search.

Return values:
<AllResults> List of results items seperated by comma

For each result, six values are returned:

1. Result number as indicated in the search results table

2. X-position (time) of the search result

3. Y-position of the search result, currently not relevant

4. Type of the search result (Edge, Peak, ...)

5. Slope or polarity of the search result

6. For peak searches, the value contains the peak voltage. For
width searches, it contains the pulse width. For edge searches,
the value is not relevant.

Example: SEARch:RESult:ALL?
Returns all four results of a peak search:
1,-4.7750e-04, 0, PEAK,NEGATIVE, -1.530e-02, 2,
-4.4630e-04,0, PEAK,NEGATIVE, -1.530e-02, 3,
-4.1660e-04, 0, PEAK,NEGATIVE, -1.530e-02,4,
-3.8690e-04, 0, PEAK,NEGATIVE, -1.530e-02

Example: chapter 14.3.2.1, "Searching for a Pulse of Specified Width",
on page 432
Usage: Query only

Firmware/Software: FW 03.400

SEARch:RESult<n>?
Returns the result values of the specified search result.
See also: SEARch:RESult:ALL?
Suffix:
<n> *
Number of the search result
Return values:
<Result> Comma-separated value list

Meaning of the values:

Result number, time value, y-position (not relevant), search type,
slope or polarity, optional value: voltage for peak search, pulse
width for width search.

Example: SEARch:RESult3?
Returns the result values of the third search result.
3,-4.1660e-04,0, PEAK, NEGATIVE, -1.530e-02

Usage: Query only
Firmware/Software: FW 03.400
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14.2.13

14.2.13.1

Remote Control

Command Reference

SEARch:RCOunt?
Returns the number of search results.

Return values:

<ResultCount> *RST: 0

Example: chapter 14.3.2.1, "Searching for a Pulse of Specified Width",
on page 432

Usage: Query only

Firmware/Software: F\W 03.400

Protocol Analysis

L I CTCT o 1Y = | R 359
®  PArallel BUS......oooviiiiiiiieiei ettt e et e e e e e e e e e e e e e rear b ————— 361
O S P i e e e e e e e ———— 361
O SO P e e e e e e e e ————— 369
O 2 e e e e e e e e e e e e ——— 371
L I 7 A R 381
L I O A 387
L I TN 1 401
General

LSS TS X 17N 1T 359
L0 TR I =N 359
=T ST LT/ F= | SN 360
]IS D11 V=Y 360
] U IS DT (€70 F= L= 360
L0 T @ 17 1 o N 360
L0 T S I PN 360
LS T I ST S Y AN Y N 361

BUS:STATe <State>
Switches the protocol display on or off.

Parameters:
<State> ON | OFF

*RST: OFF

BUS:TYPE <Type>

Defines the bus or interface type for analysis. For most types, a special option to the
instrument is required.
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Parameters:
<Type> PARallel | 12C | SPI | SSPI | UART | CAN | LIN

*RST: PARallel

BUS:FORMat <Format>
Sets the decoding format for the display on the screen.

Parameters:
<Format> ASCii | HEXadecimal | BINary | DECimal

*RST: HEXadecimal

BUS:DSIZe <DisplaySize>
Sets the height of the decoded bus signal on the sreen.

Parameters:
<DisplaySize> SMALI | MEDium | LARGe

*RST: MEDium

BUS:DSIGnals <BitsSignals>
Displays the individual bit lines above the decoded bus line.

Parameters:
<BitsSignals> ON | OFF

*RST: ON

BUS:POSition <Position>

Sets the vertical position of the decoded bus signal in divisions on the sreen.

Parameters:

<Position> Range: 4 to -4
Increment: 0.02
*RST: -3.5
Default unit: div

BUS:LIST?

Returns the contents of the frame table in block data format.

Return values:
<DataTable> Block data

Usage: Query only

—
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14.2.13.3
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BUS:LIST:SAVE <FilePath>
Saves the decoded data (frame table) to the specified CSV file (comma-separated list).

Setting parameters:
<FilePath> String containing the storage device, path, and file name

Example: BUS:LIST:SAVE "/USB FRONT/MYTABLE.CSV"
Saves the frame table data to the MYTABLE.CSV file on a USB
flash device connected to the front panel.

Usage: Setting only

Parallel Bus

BUS:PARAGIEIWIDTR. ... s e e 361

BUS:PARallel:WIDTh <BusWidth>

Sets the number of lines to be analyzed.

Parameters:
<BusWidth> Maximum number is the number of input channels.
Range: 1to 4
Increment: 1
*RST: 4
Default unit: Bit
SPI
T o I @70 Te 11 ] =1 1o o SRR 361
T B 8y T =Y USSP 364
SPI - DECOAE RESUILS.....utiiiiiiiiiiiee et s e e e e e e e e e e s e e seannnns 365

SPI - Configuration

BUS S Pl S SOURCE. ...ttt ettt ettt ea st s ea e enrtesnearenensarensnsaaenenrenns 362
BUS:SP L S POLAY .. ttuietieeie et ettt et et e et e e s e e e e s e e e et s e e e e e e e e et s eeaaaaneens 362
BUS:SPICLOCK:SOURCE. .. ucieieeeieieeeeettiteeaeeeeeeeeeeeeetat e aaeseeeaeseeesestaraaaaesaeaeeseeesesrannnns 362
BUS:SPICLOCK P OLAIY.....cevuruuuieieieeeiieeeeetiiiaeieeeeeteeerestasaaeseeeeererrssstasseeesereeesssnnnns 362
BUS:SPIMOSIISOURGE. ....ctttueieeeiittiieeeee ettt eieeeeettateeeeeseetanaeeeerestanseeserssnaasassersnnnaeaeens 362
BUS SP LD AT A SOURCE. . cuiuititteeiieetie sttt et e et s rtessastasartasneartasnreesneareasnrenensnrens 362
BUS:SPLIIMISO:SOURCE. .. cuieiiiieii ettt ettt e e e et ea e e eae s st snstnenseneneenennenanns 363
BUS:SPLIMOS P OLAIIY .. et eeee et et ettt ettt et e e et e e e e e e e e e e e e e e eaa e eanaeen 363
BUS:SPIDATAIPOLAIY . ..teeetetiuuaaeeeeeeeeeeeieteeaaaa e e eeeaeeeeeeennaaaaeeeeeeeeeeneennaaaaeeeeaeeeennennnnnnn 363
BUS:SPIMISO:POLANY......cceeeiieeeiriiriiieeieieeeeeeeeeeeeeeeeeesessatar e sesaaeaaassserereeersrsnrannnnnns 363
BUS:SPIBORDEN.....cctuttuieeieieeeieiteeeestsraaaeseeeeeteeeeestara i sseeeesterreesssranateseaeeserererssrannnns 363
SO R IR T o TR 7 - N 363
CHANNEel<M>:THREShOIA:FINDIEVEL.......c.u.iiieieeteeee ettt et e e 364

ser ianua g Uz —



R&S®RTM Remote Control

Command Reference

BUS:SPI:CS:SOURce <Source>
Selects the input channel of the chip select line.

Parameters:
<Source> CH1 | CH2 | CH3 | CH4

*RST: CHA1

BUS:SPI:CS:POLarity <Polarity>

Selects whether the chip select signal is high active (high = 1) or low active (low = 1).
Parameters:

<Polarity> POSitive | NEGative

POSitive = high active
NEGative = low active

*RST: POSitive

BUS:SPI:CLOCk:SOURce <Source>
Selects the input channel of the clock line.

Parameters:
<Source> CH1 | CH2 | CH3 | CH4

*RST: CH1

BUS:SPI:CLOCk:POLarity <Polarity>

Selects if data is stored with the rising or falling slope of the clock. The slope marks the
begin of a new bit.

Parameters:

<Polarity> POSitive | NEGative
POSitive: rising slope
NEGative: falling slope
*RST: NEGative

BUS:SPI:MOSI:SOURce <Source>
BUS:SPI:DATA:SOURce <Source>

Selects the input channel of the MOSI line, or of the data line if only one data line is used.

Parameters:
<Source> CH1 | CH2 | CH3 | CH4

*RST: CH1
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BUS:SPI:MISO:SOURce <MisoSource>
Selects the input channel of the optional MISO line.

Parameters:
<MisoSource> CH1 | CH2 | CH3 | CH4 | NONE

*RST: NONE

BUS:SPI:MOSI:POLarity <Polarity>
BUS:SPI:DATA:POLarity <Polarity>

Selects whether transmitted data is high active (high = 1) or low active (low = 1) on the
MOSI line, or on the data line if only one data line is used.
Parameters:
<Polarity> POSitive | NEGative
POSitive = high active
NEGative = low active
*RST: POSitive

BUS:SPI:MISO:POLarity <MisoPolarity>

Selects whether transmitted data is high active (high = 1) or low active (low = 1) on the
MISO line.

Parameters:
<MisoPolarity> ACTLow | ACTHigh

*RST: ACTH

BUS:SPI:BORDer <BitOrder>

Defines if the data of the messages starts with MSB (most significant bit) or LSB (least
significant bit).

Parameters:
<BitOrder> MSBFirst | LSBFirst

*RST: MSBFirst

BUS:SPI:SSIZe <SymbolSize>

Sets the word length, the number of bits in a message.

Parameters:

<SymbolSize> Range: 4 to 32
Increment: 1
*RST: 8

Default unit: Bit

—
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Command Reference

CHANnNel<m>:THReshold:FINDlevel

Executes the analysis of all channels that are configured for the selected bus and sets
the threshold for digitization of analog signals for each channel.

Suffix:

<m> Selects the input channel. The number of channels depends on
the instrument.

Usage: Event

SPI - Trigger

TRIGGENAISOURCEISPL.. i ettt ceeie e e e e e e ettt ere s e e e e e e e e e e e e eeeeteabaaaeseeeeaaaaaeeenenns 364
TRIGGENAISPEMODE.... . ettt et e e et et et et et e e e e e e e e annnns 364
TRIGGEN A S P P AT TOIMN. ettt ettt e e e e e e e e e et e ettt et et be s b e e e e e e aaaaaaeeeeanenes 365
TRIGGENA:SPLEPLENGN. . ..ttt et et e e e et e e e e e e eanas 365
TRIGGEN AISPIEPOFFSEL. ..ttt e e e e e e e rer e e e e e e e e e e e s 365

TRIGger:A:SOURce:SPI <SpiSource>
Sets the line that is used as trigger source.

Parameters:
<SpiSource> MOSI | MISO

*RST: MOSI

TRIGger:A:SPI:MODE <Mode>
Specifies the trigger mode for SPI/SSPI protocols.

Parameters:

<Mode> BSTart | BEND | NTHBIt | PATTern
BSTart
Burst start, sets the trigger event to the start of the frame. The
frame starts when the chip select signal CS changes to the active
state.
BEND
Burst end, sets the trigger event to the end of the message.
NTHBit
Sets the trigger event to the specified bit number. To define the bit
number, use TRIGger:A:SPI:POFFset.
PATTern
Sets the trigger event to a serial pattern. To define the pattern, use
TRIGger:A:SPI:PATTern.
For a complete configuration of the pattern mode, you also have
to set TRIGger:A:SPI:PLENgth and TRIGger:A:SPI:
POFFset.

*RST: BSTart
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TRIGger:A:SPI:PATTern <DataPattern>

Defines the bit pattern as trigger condition. The pattern length is adjusted to the number
of bits defined in the pattern.

Parameters:

<DataPattern> String with max. 32 characters (4 byte + 8 bit) . Characters 0, 1,
and X are allowed.

Example: TRIG:A:SPI:PATT "0011XXXX0110"

Sets a 12bit pattern.

TRIGger:A:SPI:PLENgth <PatternLength>

Returns the number of bits in the previously defined bit pattern (TRIGger:A:SPT:
PATTern). The command can also be used to shorten a previously defined bit pattern.

Parameters:

<PatternLength> Range: 1 to 32
Increment: 1
*RST: 4

Example: TRIG:A:SPI:PATT "0011XXXX0110"
TRIG:A:SPI:PLEN?
12
TRIG:A:SPI:PLEN 4
TRIG:A:SPI:PATT?
"oo11"

TRIGger:A:SPI:POFFset <PatternBitOffset>
Sets the number of bits before the first bit of the pattern.

Parameters:
<PatternBitOffset>  Number of ignored bits

Range: 0 to 4095
Increment: 1
*RST: 0

SPI - Decode Results

LS IS TR ] o B L 61O 10 o | PPN 366
BUS S P L RAME SN S T AT US 2t ettt ittt ettt ettt e e e e reesaeaseeneaenenseaenenenas 366
BUS S P L F RAME SN S T AR . ettt e e n e e enenas 366
BUS S P L FE RAME SN S T O P 2. ittt ettt r e e et e e e e ea st e seenenenas 366
BUS:SPIFRAMESN>DATAIMISO?. ... ceeeiieiieeteee e eeeete e ee e et s e e s eeae s e e s eabe s e e s eaaa s e e reananseerenns 367
BUS:SPLFRAMESNS I DATAIMOSI 2. ettt s e e s e s s e e e e e neeneenens 367
BUS:SPLEFRAMESNZWOCOUNL?...cvttieeeeiietiieieeeeeeeteeeeeeeeebiaeeeeeeestaseeeseerasaaeeeesestaneeeserenns 367
BUS:SPLLFRAME<N>:WORD<OZ:STARE ...ttt st e e e e enas 368
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BUS:SPLFRAMESN> WORD SO>I ST OP 2 ittt ittt et et ettt e s s et s s stae et ssaesensssnssanees 368
BUS:SPI:FRAMESN>:WORD<OZ:MOSI?....uieeeiiieceeee ettt ree e e e s e s e e e raa e s e s enanas 368
BUS:SPLFRAMESN>WORD<KOZ:IMIS O 2. ittt st e e s s e s e s e 369

BUS:SPI:FCOunt?
Returns the number of decoded frames.

Return values:
<FrameCount> Total number of decoded frames.

Usage: Query only

BUS:SPI:FRAME<n>:STATus?
Returns the overall state of the specified frame.

Suffix:
<n> *
Selects the frame.

Return values:

<Status> OK | INCFirst | INCLast | INSufficient
INCFirst
First frame is incomplete
INCLast

Last frame is incomplete

Usage: Query only

BUS:SPI:FRAME<n>:STARt?
Returns the start time of the specified frame.
Suffix:
<n> *
Selects the frame.
Return values:
<StartTime> Range: depends on sample rate, record length, and time
base

Increment: depends on the time base
Default unit: s

Usage: Query only

BUS:SPI:FRAME<n>:STOP?
Returns the end time of the specified frame.

Suffix:
<n> *
Selects the frame.
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Return values:
<StopTime> Range: depends on sample rate, record length, and time
base
Increment: depends on the time base
Default unit: s

Usage: Query only

BUS:SPI:FRAME<n>:DATA:MISO?
Returns the data words of the specified frame of the MISO line.

Suffix:
<n> *
Selects the frame.

Return values:
<DataMiso> List of decimal values of data bytes

Example: BUS:SPI:FRAM3:DATA:MISO?
-> 94,177,171,60,242,219,100,0

Usage: Query only

BUS:SPI:FRAME<n>:DATA:MOSI?
Returns the data words of the specified frame of the MOSI line.

Suffix:
<n> *
Selects the frame.

Return values:
<DataMosi> List of decimal values of data bytes

Example: BUS:SPI:FRAM3:DATA:MOSI?
->94,177,171,60,242,219,100,0

Usage: Query only

BUS:SPI:FRAME<n>:WCOunt?
Returns the number of words in the specified frame.

Suffix:
<n> *
Selects the frame.

Return values:
<WordCount> Number of words

Usage: Query only

—
User Manual 1305.0595.02 — 08 367



R&S®RTM Remote Control
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BUS:SPI:FRAME<n>:WORD<o0>:STARt?

Returns the start time of the specified data word.

Suffix:
<n> *

Selects the frame.
<0> *

Selects the word number.

Return values:
<StartTime> Range: depends on sample rate, record length, and time
base
Increment: depends on the time base
Default unit: s

Usage: Query only

BUS:SPI:FRAME<n>:WORD<o0>:STOP?

Returns the end time of the specified data word.

Suffix:
<n> *

Selects the frame.
<0> *

Selects the word number.

Return values:
<StopTime> Range: depends on sample rate, record length, and time
base
Increment: depends on the time base
Default unit: s

Usage: Query only

BUS:SPI:FRAME<n>:WORD<o0>:MOSI?
Returns the data value of the specified word on the MOSI line.

Use this command if only one line is defined.

Suffix:
<n> *

Selects the frame (1...n)
<0> *

Selects the word number (1...m)

Return values:
<Data> Decimal value of the data word

Usage: Query only

—
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BUS:SPI:FRAME<n>:WORD<o0>:MISO?

Returns the data value of the specified word on the optional MISO line.

Suffix:
<n> *

Selects the frame (1...n)
<0> *

Selects the word number (1...m)

Return values:
<Data> Decimal value of the data word

Usage: Query only

14.2.13.4 SSPI

BUS:SSPICLOCK:SOURCE. ...uiuiiitieiiteiee ettt ettt et et e et s raeeneaseenrtaenenrenenrenns 369
BUS:SSPI:CLOCK:POLAIIY. .. tteeeteeeeeeeieetuaaaeeeeeeeeeeeeaeetaaaaseeeeeeeeeeaeesnnaaaaeeeeaaeeeeeensnnnnnns 369
BUS:SSPIIMOSISOURGCE. .. .cceuieeteeeiee et et ettt e e e e e e s e e e e e ean e st e e e e eran e raneeranns 370
BUS:SSPIIDATA:SOURCE. ...cetttueieeiitteieetettee e e ettt ee e e e ettaeeee sttt eeesestaaeeseetaaaeseeraneeeersnns 370
BUS:SSPLMISO:SOURCE. . .utuitiitirteieieeteeetr et s e tesra st s rartasareretartasntartasnrarenenrarenes 370
BUS:SSPIIMOS P OLAIIY .. ceuieeeeee e e et et et et e et e et e e e e e e e s et e e e ea e ee e e e eenneeenaen 370
BUS:SSPIDAT AP OLAIY . et eeee ettt ettt ettt et et e et e et e e a e en e e e e eeaaaeaeen 370
BUS:SSPIMISO:POLAIIY .. ct ettt ettt ettt e e et et e e e e e e e e e e e e e eaaaeen 370
S USRS T o T = I T4 TS 370
S USRS T ST o H =10 ] 4 1= 371
RS RRS] ad RSTS] 7-Y U 371

BUS:SSPI:CLOCk:SOURce <Source>

Selects the input channel of the clock line.

Parameters:

<Source> CH1 | CH2 | CH3 | CH4
CH3 and CH4 are only available with 4-channel R&S RTM oscil-
loscopes.
*RST: CH1

BUS:SSPI:CLOCk:POLarity <Polarity>

Selects if data is stored with the rising or falling slope of the clock. The slope marks the
begin of a new bit.

Parameters:
<Polarity> POSitive | NEGative

POSitive: rising slope
NEGative: falling slope

*RST: POSitive
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BUS:SSPI:MOSI:SOURce <Source>
BUS:SSPI:DATA:SOURce <Source>

Selects the input channel of the MOSI line, or of the data line if only one data line is used.

Parameters:

<Source> CH1 | CH2 | CH3 | CH4
CH3 and CH4 are only available with 4-channel R&S RTM oscil-
loscopes.
*RST: CH1

BUS:SSPI:MISO:SOURce <MisoSource>

Selects the input channel of the optional MISO line.

Parameters:

<MisoSource> CH1| CH2 | CH3 | CH4 | NONE
*RST: NONE

BUS:SSPI:MOSI:POLarity <Polarity>
BUS:SSPI:DATA:POLarity <Polarity>

Selects whether transmitted data is high active (high = 1) or low active (low = 1) on the
MOSI line, or on the data line if only one data line is used.

Parameters:

<Polarity> POSitive | NEGative

POSitive = high active
NEGative = low active
*RST: POSitive

BUS:SSPI:MISO:POLarity <MisoPolarity>

Selects whether transmitted data is high active (high = 1) or low active (low = 1) on the
MISO line.

Parameters:
<MisoPolarity> ACTLow | ACTHigh
*RST: ACTH

BUS:SSPI:BITime <BurstldleTime>

Within the idle time the data and clock lines are low. A new frame begins when the idle
time has expired and the clock line has been inactive during that time. If the time interval
between the data words is shorter than the idle time, the words are part of the same
frame.

—
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Parameters:

<BurstldleTime> Range: 16e-9 to 838.832e-6
Increment: 16e-9
*RST: 100e-6
Default unit: s

BUS:SSPI:BORDer <BitOrder>

Defines if the data of the messages starts with MSB (most significant bit) or LSB (least
significant bit).

Parameters:
<BitOrder> MSBFirst | LSBFirst

*RST: MSBFirst

BUS:SSPI:SSIZe <SymbolSize>

Sets the word length, the number of bits in a message.

Parameters:
<SymbolSize> Range: 4 to 32
Increment: 1
*RST: 8
Default unit: Bit
14.2.13.5 I?C
[2C - CONFIGUIATION. ..cciii ittt e 371
S O 4T To 1=y U PP PPRR 372
[2C - DECOAE RESUILS. ... ceeeeiieee ettt ettt et e e et e et e e e et e e et s e eeaeeeeenaeeennrees 375

I?C - Configuration

2] W P O 0 I 074 © 101 o= TR 371
o WS P O B A AN 1@ 10 o= Y 372
CHANNEIKM>:THRESNOIA:FINDIEVEL ... ccuiieniiiieeeii e et e e ee e e eeees s e eans 372

BUS:12C:CLOCk:SOURce <Source>

Sets the input channel to which the clock line is connected.

Parameters:

<Source> CH1 | CH2 | CH3 | CH4
CH3 and CH4 are only available with 4-channel R&S RTM oscil-
loscopes.
*RST: CH1
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BUS:I12C:DATA:SOURce <Source>

Sets the input channel to which the data line is connected.

Parameters:

<Source> CH1 | CH2 | CH3 | CH4
CH3 and CH4 are only available with 4-channel R&S RTM oscil-
loscopes.
*RST: CH1

CHANnel<m>:THReshold:FINDlevel

Executes the analysis of all channels that are configured for the selected bus and sets
the threshold for digitization of analog signals for each channel.

Suffix:

<m> Selects the input channel. The number of channels depends on
the instrument.

Usage: Event

I*C - Trigger

TRIGGENAI2ZC:IMODE...... ettt e et e et e et e et e e a e ea e ea e e e e aeanns 372
IR =Y o AW 12 @ X O YR 373
TRIGENAI2CAMODE. ... ciieeeeeeeeieiteeae e e e e e et ettt eaa e e e e e eeeeeeaea s aeeeeaeeeeeenasnnnaaneeaaaennnnns 373
TRIGEIAII2C: ADDRESS. .. ..ceeeeeeieieieieeeeetratt i eaaiaaeeseeaeaeesererererersrrararseseeeaeeeserrerereees 373
TRIGGEI A 2 P AT TN .t eeteetee e e ettt ee e e e ettt ae e e e ettt e s eeseetaaeeesestasaesestanaeseesnneeeseesnnaaaeens 374
TRIGQENAI2C:PLENGIN. ..ottt e e et et et e e e e e e e e e e ennas 374
TRIGGENAI2CIPOFFSEL. ..ttt ettt e e e e e e e e e e e et e et ee b s e e e aaaaaaeeeeeees 375

TRIGger:A:12C:MODE <Mode>

Specifies the trigger mode for I2C.

—
User Manual 1305.0595.02 — 08 372



R&S®RTM Remote Control
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Parameters:
<Mode> STARt | RESTart | STOP | MACKnowledge | PATTern

STARt
Start of the message. The start condition is a falling slope on SDA
while SCL is high.

RESTart
Restarted message. The restart is a repeated start condition.

STOP
End of the message. The stop condition is a rising slope on SDA
while SCL is high.

MACKnowledge
Missing acknowledge. If the transfer failed, at the moment of the
acknowledge bit the SCL and the SDA lines are both on high level.

PATTern

Triggers on a set of trigger conditions: read or write access of the
master, to an address, or/and to a bit pattern in the message.
For a complete configuration of the pattern mode, you have to set:
TRIGger:A:T12C:ACCess (read/write access), and
TRIGger:A:I12C:AMODe and TRIGger:A:I12C:ADDRess
(address), and/or

TRIGger:A:I12C:POFFset and TRIGger:A:I2C:PLENgth
and TRIGger:A:I12C:PATTern (pattern)

*RST: STARt

TRIGger:A:12C:ACCess <Access>
Toggles the trigger condition between Read and Write access of the master.

Parameters:
<Access> READ | WRITe

*RST: READ

TRIGger:A:12C:AMODe <AdrMode>
Sets the lenght of the slave address.

Parameters:
<AdrMode> NORMal | EXTended

NORMal: 7 bit address
EXTended: 10 bit address

*RST: NORMal

TRIGger:A:12C:ADDRess <AddressString>

Sets the address of the slave device. The address can have 7 bits or 10 bits.
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Remote Control

Parameters:
<AddressString>

Example:

Example:

Command Reference

String with max. 7 or 10 characters, depending on the address
length. Characters 0, 1, and X are allowed, but X cannot be
assigned to a specified bit. If at least one X occurs in the address,
the complete address is set to X.

TRIG:A:I2C:AMOD NORM
TRIG:A:I2C:ADDR "1011"
TRIG:A:I2C:ADDR?

Return value (7bit address): "0001011"

TRIG:A:I2C:AMOD EXT
TRIG:A:I2C:ADDR "10X1"
TRIG:A:I2C:ADDR?

Return value (10bit address): "XXXXXXXXXX"

TRIGger:A:12C:PATTern <DataPattern>

Defines the bit pattern as trigger condition. Make sure that the correct pattern length has
been defined before with TRIGger:A:12C:PLENgth.

Parameters:
<DataPattern>

Example:

Example:

String with max. 24 characters (3 byte + 8 bit) . Characters 0, 1,
and X are allowed. X can be assigned to a specified bit. If you
define a pattern shorter than the pattern length, the missing LSB
are filled with X. If you define a pattern longer than the pattern
length, the pattern string is not valid

TRIG:A:I2C:PLEN 2

TRIG:A:I2C:PATT "10X10000XXXX1111"
TRIG:A:I2C:PATT?

Return value (2 bytes): "10X10000XXXX1111"

TRIG:A:I2C:PLEN 1
TRIG:A:TI2C:PATT "110"
TRIG:A:I2C:PATT?

Return value (1 byte): "110XXXXxX"

TRIGger:A:12C:PLENgth <PatternLength>

Defines how many bytes are considered in the trigger condition. To set the pattern for
these bytes, use TRIGger:A: 12C: PATTern.

Parameters:
<PatternLength>

Number of bytes

Range: 1to3
Increment: 1
*RST: 1

—
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TRIGger:A:12C:POFFset <PatternByteOffset>

Sets the number of bytes before the first byte of interest, relating to the end of the address
bytes.

Parameters:
<PatternByteOffset> Number of ignored bytes

Range: 0 to 4095
Increment: 1
*RST: 0

I2C - Decode Results

BUS:I2C:FCOUNE?.ceetttetiiiieeeieie et ee et et e e eeeeee et eeeeeeessbe b aaaaesesesaaaaaaaseseseeeersesssssrasnnnnnnnn 375
BUS:I2C: FRAMESNZIDATA? i ieieieeeeeeettttreeete e e e e eeeeeteteeeeesastabab e seseesaeaaesereeeseresrsrannnns 375
BUS:I2C: FRAMESN> STATUS?. cettuieeieitiaeeeeeetttaeeeereetaaeeeseetaaeeesrestaesesrsstasesseessnaeeesensans 376
S WS P O o S N (Y =R b A 4 PN 376
S WS P O N 1Y, 3 D X O] N 376
BUS I 2C: FRAME NS A C CESS 7. uitieet it ee ettt ettt ettt et e et e ea e saea e enstnenstnsaensnnensnns 377
BUS:I2C:FRAMESNZAMODE?. .. .ciiieeeeeeeeeeeeeeettitieeeieeeeeeeeeeeeeeeesssbas e seseaeaasseeeresessssannnns 377
BUS:I2C:FRAMESN>:ACOMPIEIE?....uvrureuneieieieeeeeeeeieeeeeeeeeaestabreaeseeeeeesaaeeesereeesessssssnnnnns 377
BUS:I2C:FRAMESN>:ADDRESS?...ceuuueeiiituieeietteieertttiaeeesetateesestaseerestaaeaessnnaeeesesnaaeeerenns 377
BUS:I2C:FRAMESN>ADEVICE?..cevuuuieeeeiietiieieeeeeetieeeeeeeetteaeeeseetstaseeeseetanasaeerestaaeaeserenns 378
S WS A O o (Y [ o D N = f PN 378
BUS I 2C : FRAME NS A A C S S 2. ettt ittt ettt et e e e et e ee e enteeneneeenenennenss 378
BUS:I2C:FRAMESN> ADBSIAr?. ... e ettt e s e e e e e enenas 379
BUS:I2C:FRAMESN>BCOUNE?. . .uiiiieeeeeeeeeeeeeeettitieeieeeeeeeeeeeeeeeesssbasaaaeseaeeasseseresersssnnnnns 379
BUS:I2C:FRAMESN>BY TESO>:VALUE?....cvtttuteieieeieeeeeeeieeeeeeevtsbasaeiesseeeeeasseeeeesessssannnns 379
BUS:I2C:FRAME<N>BYTE<O>:STARL?....ciettuiieeiiitiieeeeitiiee e et ieeeeetaaeeeeesnnaeeeeesanesaerenns 380
BUS:I2C:FRAMe<n>BYTE<0>: ACKSIAr?....ccceeiiiiieeiii ettt 380
BUS:I2C:FRAMESN> BY TESOS A C CESS ?.cueuiniiiiie ittt et eeerree e ree s re s resnrenennenns 380
BUS:I2C:FRAME<N>BYTE<OS:COMPIEIE?.. ..ottt et e e eas 381
BUS:I12C:FCOunt?

Returns the number of received frames.

Return values:
<FrameCount> Total number of decoded frames.

Usage: Query only

BUS:12C:FRAMe<n>:DATA?
Returns the data words of the specified frame.

Suffix:
<n> 1..n
Selects the frame.

Return values:
<DataWordsInFrame>Comma-separated list of decimal values of the data bytes.
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Example: BUS:I2C:FRAM2:DATA?
returns four data bytes:
-> 69,158,174,161

Usage: Query only

BUS:12C:FRAMe<n>:STATus?
Returns the overall state of the frame.

Suffix:
<n> 1..n
Selects the frame.

Return values:
<State> INComplete | OK | UNEXpstop | INSufficient | ADDifferent

INComplete
The frame is not completely contained in the acquisition.

Usage: Query only

BUS:I2C:FRAMe<n>:STARt?
Returns the start time of the specified frame.

Suffix:
<n> 1..n
Selects the frame.

Return values:
<StartTime> Range: depends on sample rate, record length, and time
base
Increment: depends on the time base
Default unit: s

Usage: Query only

BUS:12C:FRAMe<n>:STOP?
Returns the end time of the specified frame.

Suffix:
<n> 1..n
Selects the frame.

Return values:
<EndTime> Range: depends on sample rate, record length, and time
base
Increment: depends on the time base
Default unit: s

Usage: Query only
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BUS:I12C:FRAMe<n>:ACCess?
Returns the transfer direction - read or write access from master to slave.

Suffix:
<n> 1..n
Selects the frame.

Return values:
<Access> INComplete | READ | WRITE | EITHer | UNDF

INComplete
The frame is not completely contained in the acquisition.

UNDF
Access is not defined.

Usage: Query only

BUS:12C:FRAMe<n>:AMODe?
Returns the address length.

Suffix:
<n> 1..n
Selects the frame.

Return values:
<AddressMode> BIT7 | BIT10

Usage: Query only

BUS:12C:FRAMe<n>:ACOMplete?
Returns the state of the address.

Suffix:
<n> 1..n
Selects the frame.

Return values:
<AddressComplete> ON | OFF

ON
Address was received completely.

Usage: Query only

BUS:12C:FRAMe<n>:ADDRess?
Returns the decimal address value of the indicated frame including the R/W bit.

Suffix:
<n> 1..n
Selects the frame.
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Return values:
<AddressValue> Decimal value

Range: 0 to 2047
Increment: 1

Usage: Query only

BUS:I12C:FRAMe<n>:ADEVice?
Returns the decimal address value of the indicated frame without R/W bit.

Suffix:
<n> 1..n
Selects the frame.

Return values:
<SlaveAddress> Decimal value

Range: 0 to 1023
Increment: 1

Usage: Query only

BUS:I12C:FRAMe<n>:ASTart?
Returns the start time of the address for the indicated frame.

Suffix:
<n> 1..n
Selects the frame.

Return values:
<StartTime> Range: depends on sample rate, record length, and time
base
Increment: depends on the time base
Default unit: s

Usage: Query only

BUS:I12C:FRAMe<n>:AACCess?
Returns the address acknowledge bit value for the indicated frame.

Suffix:
<n> 1..n
Selects the frame.

Return values:
<Acknowledge> INComplete | ACK | NACK | EITHer

Usage: Query only
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BUS:I12C:FRAMe<n>:ADBStart?
Returns the start time of the address acknowledge bit.

Suffix:
<n> 1..n
Selects the frame.

Return values:
<AckStartTime> Range: depends on sample rate, record length, and time
base
Increment: depends on the time base
Default unit: s

Usage: Query only

BUS:I2C:FRAMe<n>:BCOunt?
Returns the number of data bytes in the specified frame.

Suffix:
<n> 1..n
Selects the frame.

Return values:

<ByteCount im Number of words (bytes)

Frame>

Example: BUS:I2C:FRAM2:BCO?
-> 4

Usage: Query only

BUS:I12C:FRAMe<n>:BYTE<o>:VALue?

Returns the decimal value of the specified byte.

Suffix:
<n> 1..n

Selects the frame.
<o0> *

Selects the byte number.

Return values:
<ByteValue> Decimal value

Range: 0 to 255
Increment: 1

Example: BUS:I2C:FRAM2:BYTE2:VAL?
-> 158
Usage: Query only
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BUS:I12C:FRAMe<n>:BYTE<o0>:STARt?

Returns the start time of the specified data byte.

Suffix:
<n> 1..n

Selects the frame.
<0> *

Selects the byte number.

Return values:
<StartTime> Range: depends on sample rate, record length, and time
base
Increment: depends on the time base
Default unit: s

Usage: Query only

BUS:I12C:FRAMe<n>:BYTE<o>:ACKStart?

Returns the start time of the acknowledge bit of the specified byte.

Suffix:
<n> 1..n

Selects the frame.
<0> *

Selects the byte number.

Return values:
<AckStartTime> Range: depends on sample rate, record length, and time
base
Increment: depends on the time base
Default unit: s

Usage: Query only

BUS:12C:FRAMe<n>:BYTE<o0>:ACCess?

Returns the acknowledge bit value of the specified data byte.

Suffix:
<n> 1..n

Selects the frame.
<o> *

Selects the byte number.

Return values:
<Acknowledge> INComplete | ACK | NACK | EITHer

Usage: Query only
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BUS:12C:FRAMe<n>:BYTE<0>:COMPlete?
Returns the state of the byte.

Suffix:
<n> 1..n

Selects the frame.
<0> *

Selects the byte number.
Return values:
<ByteComplete> ON | OFF

ON
Data byte was received completely.

Usage: Query only

UART

N o B 07 0] Te [0 =[] PSR 381
10N I I o [o = OO PP PPUPPPRPPRPPR 384
UART - Decode RESUILS......ccoiiieeie ettt 385

UART - Configuration

BUS:UARTIRX:SOURGE. .......coeteeeeeriurirnnieieieeeeeeeeeeteteeeeesessstasan i sassaeasasssererressssssrssnnnnns 381
BUS:UART:DATAISOURCE. ....uuiieiiitiieeeeeettteetee ettt eaeeeesetsaasaeseetaaaessserstaaeaeesestanaeeesesrans 381
BUSIUAR T T X SOURCE. . cuitiitetieieei et te e eee e rae s eteee s st sasaesenstasartesnearensnrtasnsnrensnrens 382
BUS:UART P OLAIIY . ettt ettt ettt ettt ettt et et et et e e e et e e e e e a e en e ea e e eeneaenaen 382
BUS:UART:DATAIPOLAIIY. .. eeeteteiie ettt ettt et e et et e et e e e e e e e e e e enaeeanaeen 382
BUS U AR T i S S ZB. e ettt e et et e et e s s e e ra e ea e ensenansenenrenes 382
IS 0 N I Y o 2N 382
LS ST 7 o 12T = N 383
BUS:UART:BAUDIALE.....iiettiieeieitiieeeetteeeesetieeeseeteseeseeteseesestaaseesesaeaesesnnnsaesennnesesssnns 383
LSO S T U 1 = 1 T2 1= TSN 383
CHANNel<m>:THREShOIA:FINDIEVEL. ......c.. et 383

BUS:UART:RX:SOURce <RxSource>
BUS:UART:DATA:SOURce <RxSource>

Selects the input channel of the Rx line.

Parameters:

<RxSource> CH1| CH2 | CH3 | CH4
CHS3 and CH4 are only available with 4-channel R&S RTM oscil-
loscopes.
*RST: CH1
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BUS:UART:TX:SOURce <TxSource>

Selects the input channel of the Tx line.

Parameters:

<TxSource> CH1 | CH2 | CH3 | CH4 | NONE
NONE
Disables the optional Tx line.
*RST: NONE

BUS:UART:POLarity <IdleState>

Defines the logic levels of the bus. The idle state corresponds to a logic 1, and the start
bit to a logic 0.

Alternative command for BUS : UART : DATA: POLarity

Parameters:
<|dleState> IDLLow | IDLHigh

IDLLow: idle low, low =1
IDLHigh: idle high, high = 1
*RST: IDLH

BUS:UART:DATA:POLarity <Polarity>
Defines if the transmitted data on the bus is high (high = 1) or low (low = 1) active.
Alternative command for BUS : UART : POLarity.

Parameters:
<Polarity> POSitive | NEGative

POSitive = high active
NEGative = low active
*RST: POS

BUS:UART:SSIZe <SymbolSize>

Sets the number of data bits in a message.

Parameters:

<SymbolSize> Range: 51t 9
Increment: 1
*RST: 8

Default unit: Bit

BUS:UART:PARity <Parity>

Defines the optional parity bit that is used for error detection.

—
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Parameters:

<Parity> ODD | EVEN | NONE
See: "Parity" on page 173
*RST: NONE

BUS:UART:SBIT <StopBitNumber>
Sets the stop bits.

Parameters:
<StopBitNumber> B1|B1_5|B2

1; 1.5 or 2 stop bits are possible.
*RST: B1

BUS:UART:BAUDrate <Baudrate>

Sets the number of transmitted bits per second.

Parameters:

<Baudrate> Range: 100 to 78.1E6
Increment: 100
*RST: 115200

Default unit: Bit

BUS:UART:BITime <BurstldleTime>

Sets the minimal time between two data frames (packets), that is, between the last stop
bit and the start bit of the next frame.

Parameters:
<BurstldleTime> Range: Range depends on the bus configuration, mainly on
bit rate and symbole size.
Default unit: s

CHANnel<m>:THReshold:FINDlevel

Executes the analysis of all channels that are configured for the selected bus and sets
the threshold for digitization of analog signals for each channel.

Suffix:

<m> Selects the input channel. The number of channels depends on
the instrument.

Usage: Event
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UART - Trigger

TRIGGErAISOURCEIUART ..o iiii ettt ettt et e e e e e e e et e e e aaaaeeeeeeeeaaens 384
TRIGGENAIUARTIMODE.... ittt e eieeeiiiieee e e e e e e ettt eee e e e e e e e e e eeaeasaaeeeaeeeeeeeeesssaaaneeaaeeeennes 384
TRIGGENAUAR T P AT TN ettt e eiittieiee ettt e ettt ee e e e ettt e e eerastasaersataseesesnaaseerssnaseersnnanseees 385
TRIGGErA:UART:PLENGLh. ...ttt e e e e e eaaas 385
TRIGGENA:UARTIPOFFSEL. ...ttt e e eaaas 385

TRIGger:A:SOURce:UART <UartSource>
Selects one of the Rx and Tx lines as trigger source.

Parameters:
<UartSource> RX | TX

*RST: RX

TRIGger:A:UART:MODE <Mode>
Specifies the trigger mode for UART/RS-232 interfaces.

Parameters:

<Mode> BSTart | SBIT | NTHSymbol | SYMBol | PATTern | PRERror |
FERRor | BREak
BSTart

Burst start. Sets the trigger to the begin of a data frame. The frame
start is the first start bit after the idle time.

SBIT
Start bit. The start bit is the first low bit after a stop bit.

NTHSymbol
Sets the trigger to the n-th symbol of a burst.

SYMBol
Triggers if a pattern occurs in a symbol at any position in a burst.

PATTern

Triggers on a serial pattern at a defined position in the burst.
To define the pattern, use TRIGger :A:UART : PLENgth and
TRIGger:A:UART:PATTern.

To define the position, use TRIGger:A:UART: POFFset

on page 385.

PRERror

Parity Error: Triggers if a bit error occured in transmission.
FERRor

Triggers on frame error.

BREak

Triggers if a start bit is not followed by a stop bit within a defined
time. During the break the stop bits are at low state.

*RST: SBIT
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TRIGger:A:UART:PATTern <DataPattern>

Defines the bit pattern as trigger condition.

Parameters:

<DataPattern> Binary pattern with max. 32 bit. Characters 0, 1, and X are allowed.
*RST: 1 ="00000001"

TRIGger:A:UART:PLENgth <PatternLength>

Defines how many symbols build up the serial pattern.

Parameters:
<PatternLength> Number of symbols

Range: 1to3
Increment: 1
*RST: 1

TRIGger:A:UART:POFFset <PatternByteOffset>

Sets the number of symbols before the first

Parameters:

symbol of the pattern.

<PatternByteOffset> Number of ignored symbols
Range: 0 to 4095

Increment: 1
*RST: 0

UART - Decode Results

S ST U I G O LU o) N 385
BUS:IUAR T T X FCOUN ..ttt et e et e e e e e s e e reen e snsensnrensnrensnnenns 385
BUS:UART:RX:FRAMESN> WO OUN?.. et ieeeie ettt e s e s e e s e e ea e enenas 386
BUS:UART:TX:FRAMESN>WCOUNE?.....cueeeee et e e et e et e e e e eeae e e e e e e e e e eeenns 386
BUS:UART:RX:FRAME<N>:WORD<O>:STATE?...uieeeieieeeeieeeeeetee e ee e et e e e e e e eeans 386
BUS:UART:TX:FRAME<N>WORD<O>:STATE?...euiiieiieieieieeeee e eeee e st e ras e e e e rea e eanas 386
BUS:UART:RX:FRAMeE<N>WORD<O>:STARL ...ttt e e e e ee e enas 386
BUS:UART:TX:FRAMe<N>:WORD<O>:STARL?...cuctiiieiiieee et e e e e e eenas 386
BUS:UART:RX:FRAME<N>WORD<OZ:STOP 2. ...ttt ee e enas 387
BUS:UART:TX:FRAME<N>:WORD<OZ:STOP ...ttt ettt e enas 387
BUS:UART:RX:FRAMe<N>:WORD<O>:VALUEB?.....ccceenieeieeeeieeeeee et eeeeeeaans 387
BUS:UART:TX:FRAME<N>:WORD<O>:VALUEB?......cieteeeeeeeeeeeee et e e e e ee e e e e e eaeeeenns 387

BUS:UART:RX:FCOunt?
BUS:UART:TX:FCOunt?

Returns the number of decoded frames on

Return values:

the RX and TX lines, respectivley.

<FrameCount>

Total number of decoded frames.
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Usage: Query only

BUS:UART:RX:FRAMe<n>:WCOunt?
BUS:UART:TX:FRAMe<n>:WCOunt?

Returns the number of symbols in the specified frame.

Suffix:
<n> *
Selects the frame.

Return values:
<WordCount> Number of words (symbols, characters)

Usage: Query only

BUS:UART:RX:FRAMe<n>:WORD<0>:STATe?
BUS:UART:TX:FRAMe<n>:WORD<0>:STATe?

Returns the status of the specified symbol (word).

Suffix:
<n> *

Selects the frame.
<0> *

Selects the word number.

Return values:
<Status> OK | FRSTart | FRENd | FRMError | STERror | SPERror |
PRERror | INSufficient | BREak

Usage: Query only

BUS:UART:RX:FRAMe<n>:WORD<0>:STARt?
BUS:UART:TX:FRAMe<n>:WORD<o0>:STARt?

Returns the start time of the specified symbol (word).

Suffix:
<n> *

Selects the frame.
<0> *

Selects the word number.

Return values:
<StartTime> Range: depends on sample rate, record length, and time
base
Increment: depends on the time base
Default unit: s

Usage: Query only
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BUS:UART:RX:FRAMe<n>:WORD<0>:STOP?
BUS:UART:TX:FRAMe<n>:WORD<0>:STOP?

Returns the end time of the specified symbol (word).

Suffix:
<n> *

Selects the frame.
<0> *

Selects the word number.

Return values:
<StopTime> Range: depends on sample rate, record length, and time
base
Increment: depends on the time base
Default unit: s

Usage: Query only

BUS:UART:RX:FRAMe<n>:WORD<o0>:VALue?
BUS:UART:TX:FRAMe<n>:WORD<o0>:VALue?

Return the value of the specified symbol (word) on the Rx line and Tx line, respectively.

Suffix:
<n> *

Selects the frame.
<0> *

Selects the word number.

Return values:
<Value> Decimal value

Range: 0 to 511
Increment: 1

Usage: Query only

14.2.13.7 CAN

L 072N\ I @7 a1 o U =1 i o] TSP 387
L I O N N B Iy o T T USSR 389
®  CAN - DeCOdE RESUILS......ciieiiiiieieieeeeee et e e e e e e e e e e e eee e 392
@ CAN = SAICN. ..ttt e e e e e e e e e e e e ———— 397

CAN - Configuration

BUS:CAN:DATAISOURCE. ..uiuiiietiiieeie ettt e et et e e e e e eeaeaee et essaesaraasnrensnrensnrens 388
LSS T O A 1N R I 1 = PPN 388
LS RS @ NN S YN /| 1= o o | 388
S WIS 07NN F =T 2= (= 388
CHANNEI<KM>:THRESNOIA:FINDIEVEL ... cceuneeeeeeeteeeeee et e e e e e e e eeaeas 388
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BUS:CAN:DATA:SOURce <Source>
Sets the source of the data line. All channel waveforms can be used.

Parameters:
<Source> CH1 | CH2 | CH3 | CH4

*RST: CH1

BUS:CAN:TYPE <SignalType>

Selects the CAN-High or CAN-Low line. CAN uses both lines for differential signal trans-
mission.

If you measure with a differential probe, connect the probe to both CAN-H and CAN-L
lines, and set the type CANH.

If you use a single-ended probe, connect the probe to either CAN_L or CAN_H, and select
the data type accordingly.

Parameters:
<SignalType> CANH | CANL

*RST: CANH

BUS:CAN:SAMPlepoint <SamplePoint>
Sets the position of the sample point within the bit in percent of the nominal bit time.

See also: "Sample point" on page 181

Parameters:

<SamplePoint> Range: 10 to 90
Increment: 1
*RST: 50

Default unit: %

BUS:CAN:BITRate <BitRate>

Sets the number of transmitted bits per second.

Parameters:
<BitRate> Range: 100 to 5,04E06, depends on instrument type, ADC
clock rate
Increment: depends on the bit rate value
*RST: 50E03

Default unit: Bit/s

CHANnel<m>:THReshold:FINDlevel

Executes the analysis of all channels that are configured for the selected bus and sets
the threshold for digitization of analog signals for each channel.

—
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Suffix:

<m> Selects the input channel. The number of channels depends on
the instrument.

Usage: Event

CAN - Trigger

TRIGger:A:CAN:TYPE <TriggerType>
Specifies the trigger mode for CAN.

Parameters:
<TriggerType> STOFrame | EOFrame | ID | IDDT | FTYPe | ERRCondition

STOFrame
Start of frame

EOFrame

End of frame

ID

Sets the trigger to a specific message identifier or an identifier
range.

Specify the identifier with TRIGger:A:CAN: ITYPe, TRIGger:
A:CAN:ICONdition, and TRIGger:A:CAN: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 specified
data pattern.

Specify the identifier (see ID), and the data with TRTIGger:A:
CAN:DLC, TRIGger:A:CAN:DCONdition, and TRIGger:A:
CAN:DATA.

FTYPe
Triggers on a specified frame type. Specify the frame type with
TRIGger:A:CAN:FTYPe.

ERRCondition

Identifies various errors in the frame. Specify the errors with
TRIGger:A:CAN:ACKerror, TRIGger:A:CAN:BITSterror,
TRIGger:A:CAN:CRCerror,and TRIGger:A:CAN:
FORMerror.

*RST: STOF

TRIGger:A:CAN:FTYPe <FrameType>
Specifies the frame type to be triggered on if TRIGger:A:CAN: TYPE is set to FTYPe.

Parameters:
<FrameType> DATA | REMote | ERRor | OVERIoad | ANY

*RST: ERR
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TRIGger:A:CAN:ITYPe <IdentifierType>

Selects the length of the identifier: 11 bit for CAN base frames, or 29 bits for CAN exten-
ded frames.

The command is relevant if TRIGger:A:CAN: TYPE is set to ID or IDDT.

Parameters:
<ldentifierType> B11|B29 | ANY

ANY: only available for CAN trigger type I1DDT
*RST: B11

TRIGger:A:CAN:ICONdition <IdentifierCondition>

Sets the comparison condition: If the pattern contains at least one X (don't care), you can
trigger on values equal or not equal to the specified value. If the pattern contains only 0
and 1, you can also trigger on a range greater than or lower than the specified value.

The command is relevant if TRIGger:A:CAN: TYPE is set to ID or IDDT.

Parameters:
<ldentifierCondition> EQUual | NEQual | GTHan | LTHan

*RST: EQ

TRIGger:A:CAN:IDENTtifier <Identifier>

Defines the identifier pattern. The pattern length is defined with TRTGger:A:CAN:
ITYPe on page 390.

The command is relevant if TRIGger:A:CAN: TYPE is set to ID or IDDT.

Parameters:
<|dentifier> String containing binary pattern with max. 29 bit. Characters 0, 1,
and X are allowed.

TRIGger:A:CAN:DLC <DatalLength>
Defines the length of the data pattern - the number of bytes in the pattern.

The command is relevant if TRIGger:A:CAN: TYPE is set to IDDT.

Parameters:

<DatalLength> Range: 0 to 8
Increment: 1
*RST: 1

Default unit: Byte
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TRIGger:A:CAN:DCONdition <DataCondition>

Sets the comparison condition for data: If the pattern contains at least one X (don't care),
you can trigger on values equal or not equal to the specified value. If the pattern contains
only 0 and 1, you can also trigger on a range greater than or lower than the specified
value.

The command is relevant if TRIGger:A:CAN:TYPE is set to IDDT.

Parameters:
<DataCondition> EQUal | NEQual | GTHan | LTHan

*RST: EQ

TRIGger:A:CAN:DATA <Data>

Defines the data pattern. The number of bytes in the data pattern is defined with
TRIGger:A:CAN:DLC.

The command is relevant if TRIGger:A:CAN: TYPE is set to IDDT.

Parameters:
<Data> String containing binary pattern with max. 64 bit. Characters 0, 1,
and X are allowed. Make sure to enter complete bytes.

TRIGger:A:CAN:ACKerror <AcknowledgeError>

Triggers on acknowledgement errors. An acknowledgement error occurs when the trans-
mitter does not receive an acknowledgment - a dominant bit during the Ack Slot.

The command is relevant if TRIGger:A:CAN: TYPE is set to ERRCondition.

Parameters:
<AcknowledgeError> ON | OFF

*RST: OFF

TRIGger:A:CAN:BITSterror <BitStuffingError>

Triggers on bit stuffing errors.

See also: "Stuff bit" on page 183.

The command is relevant if TRIGger:A:CAN: TYPE is set to ERRCondition.

Parameters:
<BitStuffingError> ON | OFF

*RST: ON

TRIGger:A:CAN:CRCerror <CRCerror>
Triggers on errors in the Cyclic Redundancy Check.

The command is relevant if TRIGger:A:CAN: TYPE is set to ERRCondition.

—
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Parameters:
<CRCerror> ON | OFF

*RST: OFF

TRIGger:A:CAN:FORMerror <FormError>

Triggers on form errors. A form error occurs when a fixed-form bit field contains one or
more illegal bits.

The command is relevant if TRIGger:A:CAN: TYPE is set to ERRCondition.

Parameters:
<FormError> ON | OFF

*RST: OFF

CAN - Decode Results

BUS: C AN F COUN 2. ettt ettt ettt et e ea s e e s e ea e rn e ensenensenensenns 392
BUS CAN FRAME NS TY PE 2. ettt ittt ettt et r e e e st et st e s e e e eneeneens 392
BUS:CAN:FRAMESNZ I STATUS?.uuuieiieieeeeeieeeeeeettatiaeieeeeseeesereereestsrasnaseeeeessereressrssrannnns 393
BUS:CANFRAMESNZISTARL?..citueiiiitiieeeeettee e e e etee e e ettt aeeeeeaaseeessaaneeesesnnasesesnnnesessennn 393
BUS:CAN:FRAMESNZ I ST OP 2. iiiiiiiei ettt ettt ettt e e e e s e s rae s raassaeenearensnrenenrenns 393
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BUS:CAN:FRAMESN>DLCSIAtE?...cevuueeeeeiiiteieeeeeetiee e e e eettee e e e e et e e e e eeeabeeeeeeesbaaeeeseesans 395
BUS:CAN:FRAMESNZDLCVAIUB? ...ttt eie ettt et e e st e st e s e e easenenenas 395
BUS:CAN:FRAMESNS I D ST At .. uiiiiiiiiiiiiiiei ettt ettt e et et e ea e easenen e ensenansenns 396
BUS:CAN:FRAME SN DT Y PO 7. ittiiee ettt et et et et e et e e et e s e s e ee e e s e e s anaseenseen 396
BUS:CAN:FRAMESN>IIDVAIUE?.....ceevveriruiieeieeeeeieeeeettatiieeeeeeeeeeeeeeessssanasaeeaeeeeseeesessannnns 396
BUS:CAN:FRAMESN>:BSEPOSItION?....uiiiieiieieeeeeieieieeeeereitsrsraeieieeeeeeeasesesereereeserssrssnnnnns 396
BUS:CAN:FRAMESNZBCOUNT?.c.uuuiiieitiieeeeetiieeeeeetieeeeeetteeeeeeesteeeeseateeeeeennaseeessnneeerennn 397
BUS:CAN:FRAME<N> BY TESO> ST AT i e et et e et e e et e e et ee e et e e e e e e eneaeeaans 397
BUS:CAN:FRAMESN> BY TESOZVALUEB . ...ttt ettt e et e e enenenas 397
BUS:CAN:FCOunt?

Returns the number of received frames.

Return values:
<FrameCount> Total number of decoded frames.

Usage: Query only

BUS:CAN:FRAMe<n>:TYPE?

Returns the type of the specified frame.
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Suffix:
<n> *
Selects the frame (1...n).

Return values:
<FrameType> DATA | REMote | ERR | OVLD

Data, remote, error or overload frame

Usage: Query only

BUS:CAN:FRAMe<n>:STATus?
Returns the overall state of the specified frame.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<FrameStatus> OK | BTST | CRCD | ACKD | CRC | EOFD | NOACK |
INSufficient

OK: frame is valid.

BTST: bit stuffing error occured

CRCD: wrong CRC delimiter occured

ACKD: Wrong ACK delimiter occured

CRC: cyclic redundancy check failed

EOFD: wrong end of frame

NOACKk: acknowlegde is missing

INSufficient: frame is not completely contained in the acquisition.
The acquired part of the frame is valid.

Usage: Query only

BUS:CAN:FRAMe<n>:STARt?
Returns the start time of the specified frame.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<StartTime> Range: depends on sample rate, record length, and time
base
Increment: depends on the time base
Default unit: s

Usage: Query only

BUS:CAN:FRAMe<n>:STOP?

Returns the end time of the specified frame.

—
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Suffix:
<n> *
Selects the frame (1...n).

Return values:
<StopTime> Range: depends on sample rate, record length, and time
base
Increment: depends on the time base
Default unit: s

Usage: Query only

BUS:CAN:FRAMe<n>:DATA?
Returns the data words of the specified frame.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<FrameData> Comma-separated list of decimal values of the data bytes.

Usage: Query only

BUS:CAN:FRAMe<n>:ACKState?
Returns the state of the acknowledge field.

Suffix:
<n> *

Selects the frame (1...n).

Return values:
<AcknowledgeState> OK | UNDF

UNDF: Undefined
Usage: Query only

BUS:CAN:FRAMe<n>:ACKValue?
Returns the value of the acknowledge field.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<AcknowledgeValue> Decimal value

Usage: Query only

—
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BUS:CAN:FRAMe<n>:CSSTate?
Returns the state of the checksum.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<ChecksumState>  OK | UNDF

UNDF: Undefined
Usage: Query only

BUS:CAN:FRAMe<n>:CSValue?
Returns the checksum value.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<ChecksumValue> Decimal value

Usage: Query only

BUS:CAN:FRAMe<n>:DLCState?
Returns the state of the data length code.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<DLCstate> OK | UNDF

UNDF: Undefined
Usage: Query only

BUS:CAN:FRAMe<n>:DLCValue?
Returns the number of data bytes in the specified frame.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<DLCvalue> non-negative integer

Usage: Query only

—
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BUS:CAN:FRAMe<n>:IDSTate?
Returns the state of the identifier.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<ldentifierState> OK | UNDF

UNDF: Undefined
Usage: Query only

BUS:CAN:FRAMe<n>:IDTYpe?

Returns the length of the identifier: 11 bit for CAN base frames, or 29 bits for CAN exten-
ded frames.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<l|dentifierType> ANY | B11 | B29

ANY
No length specified, for example, for triggering on data only.

Usage: Query only

BUS:CAN:FRAMe<n>:IDValue?
Returns the decimal address value of the specified frame.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<IdentifierValue> Decimal value

Usage: Query only

BUS:CAN:FRAMe<n>:BSEPosition?
Returns the position of the bit stuffing error in the specified frame (if available).
Suffix:
<n> *
Selects the frame (1...n).
Return values:

<ErrorPosition> *RST: 0
Default unit: s

—
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Usage: Query only

BUS:CAN:FRAMe<n>:BCOunt?
Returns the number of data bytes in the specified frame.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<ByteCount> Number of words (bytes)

Usage: Query only

BUS:CAN:FRAMe<n>:BYTE<0>:STATe?

Returns the state of the specified data byte.

Suffix:
<n> *

Selects the frame (1...n).
<0> *

Selects the byte number (1...n).

Return values:
<ByteStatus> OK | UNDF

UNDF: Undefined
Usage: Query only

BUS:CAN:FRAMe<n>:BYTE<o0>:VALue?

Returns the decimal value of the specified byte.

Suffix:
<n> *

Selects the frame (1...n).
<0> *

Selects the byte number (1...n).

Return values:

<ByteValue> Decimal value

Usage: Query only

CAN - Search

SEARCh:PROTOCOI:CAN:CONDI ION. .. .titieiieeieiiiie et eee et e e ea s e e rae s eaeenensanranes 398
SEARCH:PROTOCOICANIFRAME. ...cuuiieeeei et ete et e et et et et sete s e s ea s st s e s e sbsesnesenseran 398
SEARCNH:PROTOCOICAN: ACKEITON .. eettteieetiteteae et eeaeses et st st esneetsstnsesnsessssnsesasssnrenns 399
SEARCN:PROTOCOICAN: BITSIEITO . ... iieeeeiiieteieeeeee e e e eteeeea e e se e s eaeeesb e e rana s e rennseeerans 399
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SEARCN:PROTOCOI:CANICRCEITON......ieeeieeeeee e e et e e et e et e e e eee e s ebaeeeea e e seaneeeebeeenansns 399
SEARCHh:PROTOCOI:CAN:FORMEITO ... .ceiiiteieeietteieeeetteeeesestaeeeesesaaeeesseneeeerestaaseesennanss 400
SEARCH:PROTOCOICAN:FTYPE....ccituiiieiiiiieeeeetie e ettt e e ettt e e e e eaaeeeeetaeeesetan e eresneeseananss 400
SEARCH:PROTOCOI CAN: I TY Pttt ettt et e e e e e e e e e e eae e eaennen 400
SEARCh:PROTOCOI:CAN:ICONIION. ccuieiiieeit ittt e e e e eaenees 400
SEARCHh:PROTOCOICAN:IDENT IO . .euieiieeiiiei et e e e 400
SEARCh:PROTOCOI:CANIDLENGN. ...ccieieeeeeiieee e e e et e e e e e e e e e e e e e e e 401
SEARCh:PROTOCOI:CAN:DCONItION. ..evvvruniieireeeeerererrrtiiieseeeeeereeessssnneseeeeeseerrssrsnneens 401
SEARCHh:PROTOCOICAN:DATA . .. ettt e e ettt e e e ettt ee e e e e et e e e e eeste s e e seeta e e e eeenaeeeeeerananns 401

SEARCch:PROTocol:CAN:CONDition <SearchCondition>

Sets the event or combination of events to be searched for. Depending on the selected
event, further settings are required.

Parameters:

<SearchCondition> FRAMe | ERRor | IDENtifier | IDData | IDERror
FRAMe
Search for a frame type. Set the frame type with SEARch :
PROTocol :CAN: FRAMe.
ERRor
Search for errors of one or more error types. Set the error types
with SEARch : PROTocol :CAN:ACKerror, SEARch:
PROTocol:CAN:BITSterror, SEARch:PROTocol:CAN:
CRCerror, and SEARch: PROTocol : CAN: FORMerror.
IDENtifier
Search for identifier.
Specifiy the identifier with SEARch : PROTocol : CAN: FTYPe,
SEARch:PROTocol:CAN:ITYPe, SEARch:PROTocol:CAN:
ICONdition, and SEARch:PROTocol:CAN:IDENtifier.
IDData
Search for identifier and data.
Set the identifier (see IDENtifier) and the data with SEARch :
PROTocol:CAN:DLENgth, SEARch:PROTocol:CAN:
DCONdition, and SEARch:PROTocol : CAN:DATA.
IDERror
Search for errors that occur with a specified identifier.
Set the identifier (see IDENtifier) and the errors to be found (see
ERRor)

*RST: FRAM

SEARch:PROTocol:CAN:FRAMe <Frame>
Selects the frame type to be searched for.

The command is relevant if SEARch : PROTocol : CAN: CONDition is set to FRAMe.
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Parameters:
<Frame> SOF | EOF | OVERIoad | ERRor | DTA11 | DTA29 | REM11 |
REM29

SOF: start of frame

EOF: end of frame

OVERIoad: overload frame

ERRor: error frame

DTA11: data frame with 11bit identifier
DTAZ29: data frame with 29bit identifier
REM11: remote frame with 11bit identifier
REM29: remote frame with 29bit identifier

*RST: SOF

SEARch:PROTocol:CAN:ACKerror <AcknowledgeError>

Searches for acknowledgement errors. An acknowledgement error occurs when the
transmitter does not receive an acknowledgment - a dominant bit during the Ack Slot.

The command is relevant if SEARch : PROTocol:CAN:CONDition is setto ERRor or
IDERror.

Parameters:
<AcknowledgeError> ON | OFF

*RST: OFF

SEARch:PROTocol:CAN:BITSterror <BitStuffingError>
Searches for bit stuffing errors.
See also: "Stuff bit" on page 183.

The command is relevant if SEARch : PROTocol : CAN: CONDition is setto ERRor or
IDERror.

Parameters:
<BitStuffingError> ON | OFF

*RST: OFF

SEARch:PROTocol:CAN:CRCerror <CRCerror>
Searches for errors in the Cyclic Redundancy Check.

The command is relevant if SEARch : PROTocol : CAN: CONDition is setto ERRor or
IDERror.

Parameters:
<CRCerror> ON | OFF

*RST: OFF
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SEARch:PROTocol:CAN:FORMerror <FormError>

Searches for form errors. A form error occurs when a fixed-form bit field contains one or
more illegal bits.

The command is relevant if SEARch : PROTocol : CAN: CONDition is setto ERRor or
IDERror.

Parameters:
<FormError> ON | OFF

*RST: OFF

SEARCch:PROTocol:CAN:FTYPe

Specifies the frame type to be searched for if SEARch: PROTocol : CAN: CONDition is
setto IDENtifier.

Parameters:
<FrameType> DATA | REMote | ANY

SEARch:PROTocol:CAN:ITYPe

Selects the length of the identifier: 11 bit for CAN base frames, or 29 bits for CAN exten-
ded frames.

The command is relevant if SEARch : PROTocol:CAN:CONDition is set to
IDENtifier, IDData, or IDERror.

Parameters:
<ldType> B11 | B29
*RST: B11

SEARch:PROTocol:CAN:ICONdition <IldCondition>

Sets the comparison condition for the identifier: If the pattern contains at least one X (don't
care), you can trigger on values equal or not equal to the specified value. If the pattern
contains only 0 and 1, you can also trigger on a range greater than or lower than the
specified value.

The command is relevant if SEARch : PROTocol:CAN:CONDition is setto
IDENtifier, IDData, or IDERror.

Parameters:
<ldCondition> EQUal | NEQual | GTHan | LTHan

*RST: EQU

SEARch:PROTocol:CAN:IDENtifier <ldentifier>

Defines the identifier pattern. The pattern length is defined with SEARch : PROToco1 :
CAN:ITYPe.

—
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The command is relevant if SEARch : PROTocol : CAN: CONDition is setto
IDENtifier, IDData, or IDERror.

Parameters:
<ldentifier> String containing binary pattern with max. 29 bit. Characters 0, 1,
and X are allowed.

SEARch:PROTocol:CAN:DLENgth <DataLength>
Defines the length of the data pattern - the number of bytes in the pattern.

The command is relevant if SEARch : PROTocol : CAN: CONDition is setto IDData.

Parameters:

<DatalLength> Range: 0to8
Increment: 1
*RST: 1

Default unit: Byte

SEARch:PROTocol:CAN:DCONdition <DataCondition>

Sets the comparison condition for data: If the pattern contains at least one X (don't care),
you can trigger on values equal or not equal to the specified value. If the pattern contains
only 0 and 1, you can also trigger on a range greater than or lower than the specified
value.

The command is relevant if SEARch : PROTocol:CAN:CONDition is setto IDData.

Parameters:
<DataCondition> EQUal | NEQual | GTHan | LTHan

*RST: EQU

SEARCch:PROTocol:CAN:DATA <Data>

Defines the data pattern. The pattern length is defined with SEARch: PROTocol:CAN:
DLENgth.

The command is relevant if SEARch : PROTocol:CAN:CONDition is setto IDData.

Parameters:
<Data> String containing binary pattern with max. 64 bit. Characters 0, 1,
and X are allowed. Make sure to enter complete bytes.
14.2.13.8 LIN

®  LIN - Configuration.......ccccccuiiiiiiiieiiieece e e e e e e e e e e e s 402
L I I 1V I8y o o 1= U 403
®  LIN - DECOAE RESUIES....euueiiiiieieeeeeeii ettt 405
O LIN - SAICh. .. 410
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LIN - Configuration

BUS:LIN:DATAISOURCE. ...uietieeet ettt ettt e et e et e e e e e ste e e e e e e e e et eran e e e eeeaneeranns 402
BUS:LIN:POLAIY .. .ceieeiiieeeeiiieeeeeeeiie e e e e tttee e e e eette s e e s eetaseessetaneaesesnaneaessesansaeeeeranseesessnns 402
BUS:LIN:STANAAIG.....iiiiiiiiiiee it r e st e st ea e ea s e ra e raearasn e earsnsanenransnranenrens 402
BUS LIN B T RAIE. . euteiiiiiieeiiee et e e e e e e e e ea e e enrenen e snrensnrensnrensnrenas 402
CHANNel<m>:THREShOIA:FINDIEVEL. ......c...eeeeeeeeeee e 403

BUS:LIN:DATA:SOURce <Source>
Sets the source of the data line. All channel waveforms can be used.

Parameters:
<Source> CH1 | CH2 | CH3 | CH4

*RST: CH1

BUS:LIN:POLarity <Polarity>

Defines the idle state of the bus. The idle state is the rezessive state and corresponds to
a logic 1.

Parameters:
<Polarity> IDLHigh | IDLLow

IDLHigh: Low active, negative polarity
IDLLow: High active, positive polarity

*RST: IDLL

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.

The most common version is LIN 2.x. For mixed networks, or if the standard is unknown,
set the LIN standard to AUTO.

Parameters:
<Standard> V1X|V2X|J2602 | AUTO

*RST: V1X

BUS:LIN:BITRate <BitRate>
Sets the number of transmitted bits per second.

Parameters:
<BitRate> *RST: 9.6E03
Default unit: Bit/s
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CHANnNel<m>:THReshold:FINDlevel

Executes the analysis of all channels that are configured for the selected bus and sets
the threshold for digitization of analog signals for each channel.

Suffix:

<m> Selects the input channel. The number of channels depends on
the instrument.

Usage: Event

LIN - Trigger

TRIGGENALINITYPE. . etuiie e e e e e ettt s e e e e e e e e e et err e e e e e e e e e ee e tabaaaeeeeaeeeeeeetesnnaaaeeaaeeenenns 403
TRIGGENALIN:CHKSEITON ... . eeieetiieeeeetiieeeeeetieeeeetaeeeeeeeaaeeeeresaaeeseetanaeeeeesnneeesrsnnaeaeees 404
TRIGGEIALINI I PERION. ...ttt e e et eeettttieee e e e e e e e e ettt e e s e e e e et e eeaestanaseeeaaeseeeesssnnnnsaeaaaeaeeenns 404
TRIGGENAILINISYERIOI . ... ittt e e e e e e e e e e s e e e e e e e e e e e e e eaeeeeeeenas 404
TRIGGErALIN:ICONIfION. ...eetiieiiieccie et e e e e e e e e e e e e e e e s 404
TRIGGErALINIIDENLIEr. . eeiiieeeee et e e e e e e e e e e e e e e e e e e s 404
TRIGEN ALIN D AT A ettt ee i et et e e e ettt e e e e e e e eeteeeae e ta s aaeeaaaeeeeeneessnnnnaaeeaaaaeeennnes 405
TRIGQErA:LIN:DCONItION. ....eeeieeeeeeeiininteneaeaeeeeseeeseeeeeeereeeeeeeresensanaaasaseeeaasaeeeeeeenennees 405
TRIGGENALIN:DLENGN. .. ettt et e et e e e e e e e e e e e e e e e eennas 405

TRIGger:A:LIN:TYPE <TriggerType>
Specifies the trigger mode for LIN.

Parameters:

<TriggerType> SYNC | WKFRame | ID | IDDT | ERRCondition
SYNC
Start of frame, triggers on the stop bit of the sync field.
WKFRame
Triggers after a wakeup frame.
ID
Sets the trigger to a specific identifier or an identifier range.
Set the identifier with TRIGger:A:LIN: ICONdition and
TRIGger:A:LIN:IDENtifier.
IDDT
Set the identifier (see ID) and the data with TRTIGger:A:LIN:
DLENgth, TRIGger:A:LIN:DCONdition, and TRIGger:A:
LIN:DATA.
ERRCondition
Identifies various errors in the frame. You can select one or more
error types as trigger condition.
Select the error types with TRTIGger:A:LIN:CHKSerror,
TRIGger:A:LIN:IPERror, and TRIGger:A:LIN:SYERror.

*RST: SYNC
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TRIGger:A:LIN:CHKSerror <ChecksumError>

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).

The command is relevant if TRIGger:A:LIN: TYPE is set to ERRCondition.

Parameters:
<ChecksumError> ON | OFF

*RST: ON

TRIGger:A:LIN:IPERror <IdParityError>

Triggers on a parity error. Parity bits are the bits 6 and 7 of the identifier. They verify the
correct transmission of the identifier.

The command is relevant if TRIGger:A:LIN:TYPE is set to ERRCondition.

Parameters:
<|dParityError> ON | OFF

*RST: OFF

TRIGger:A:LIN:SYERror <SyncError>
Triggers if synchronization caused an error.
The command is relevant if TRIGger:A:LIN: TYPE is set to ERRCondition.

Parameters:
<SyncError> ON | OFF

*RST: OFF

TRIGger:A:LIN:ICONdition <IdentifierCondition>

Sets the comparison condition for the identifier: If the pattern contains at least one X (don't
care), you can trigger on values equal or not equal to the specified value. If the pattern
contains only 0 and 1, you can also trigger on a range greater than or lower than the
specified value.

The command is relevant if TRIGger:A:LIN: TYPE is setto ID or IDDT.

Parameters:
<ldentifierCondition> EQUal | NEQual | GTHan | LTHan

*RST: EQ

TRIGger:A:LIN:IDENtifier <Identifier>
Defines the identifier pattern.

The command is relevant if TRIGger:A:LIN: TYPE is setto ID or IDDT.
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Parameters:

<ldentifier> String containing binary pattern. Characters 0, 1, and X are
allowed. Enter the 6 bit identifier without parity bits, not the pro-
tected identifier.

TRIGger:A:LIN:DATA <Data>

Defines the data pattern. The number of bytes in the data pattern is defined with
TRIGger:A:LIN:DLENgth.

The command is relevant if TRIGger:A:LIN:TYPE is set to IDDT.

Parameters:
<Data> String containing binary pattern with max. 64 bit. Characters 0, 1,
and X are allowed. Make sure to enter complete bytes.

TRIGger:A:LIN:DCONdition <DataCondition>

Sets the comparison condition for data: If the pattern contains at least one X (don't care),
you can trigger on values equal or not equal to the specified value. If the pattern contains
only 0 and 1, you can also trigger on a range greater than or lower than the specified
value.

The command is relevant if TRIGger:A:LIN: TYPE is set to IDDT.

Parameters:
<DataCondition> EQUal | NEQual | GTHan | LTHan

*RST: EQ

TRIGger:A:LIN:DLENgth <DatalLength>
Defines the length of the data pattern - the number of bytes in the pattern.

The command is relevant if TRIGger:A:LIN:TYPE is set to IDDT.

Parameters:

<DataLength> Range: 1to8
Increment: 1
*RST: 1

Default unit: Byte

LIN - Decode Results

[0 T N O 1T R 406
BUS LIN:FRAMESNS S S T At 7.t iuiniiiiieiieiiet et ettt ettt ea st e reeeen e enenreaenearenenennenss 406
BUS:LIN:FRAMESNZICSVAIUB? ... ettt ettt ettt e e e e e e e e e e e eneenas 406
BUS  LIN: F R AME NS DA T A e ettt ettt et e e s et e e e e ea e en e enrenanrenas 406
BUS:LIN:FRAMESNZIIDPVAIUE?. .. .ceuieiiieeeiieeie ettt et e et e et e et e s ee e e e et esnnseseeansesneransees 407
BUS:LIN:FRAMESN>:IDSTAIE?...ccceittiieieeeeeitiieeeeeeinee e e e e eetteeeeeesestaaeeeserennaaeeeesensanaaaaens 407
BUS:LIN:FRAMESN>:IDVAIUB?......cevuuieeeeitiiieeeeietiieeeeeetttieeeesesteseeseetaseeesesnnaeeesesranaeesersnns 407
BUS LIN: FRAME NS S T AR 2. ittt ettt ettt ettt e e e e ea e e re s rtaensarenenrenenrenns 407
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BUSLIN:FRAMESN> I STOP ... ettt ettt ettt e e e e et e e ee e e s e e s e e e eean e renneeeeanns 408
BUS:LIN:FRAMESN>:SY STt 7. ceuuuieieeiiiiiieieeeetiitaeseeeeettiaeeessetstateeeseetnnaseeseestanaeeesessnns 408
BUS:LIN:FRAMESNZISYVAIUE?...ccutueieeiiitiieieeietteieeeeetttaeseesestnaeeessestaseesestaaeeesesransessersnns 408
BUS:LIN:FRAMESNZ I VER SION 2.t ittt ittt et et e st e e e e e ree e easeeenenreaenenenas 409
BUS:LIN:FRAMESNZBCOUN? .. ettt ettt e et e et st e e e e en e enenas 409
BUSLIN:FRAMESN> BY TE SO S T AT € 7.ttt e e e e e e e eenas 409
BUS:LIN:FRAME<N>BY TESO>VALUE?.....ceeneeeeeeee e et e et e e e e e e e e e e e e e e e e eaeaenanns 409
BUS:LIN:FCOunt?

Returns the number of received frames of the active LIN bus.

Return values:
<FrameCount> Total number of decoded frames.

Usage: Query only

BUS:LIN:FRAMe<n>:CSSTate?
Returns the checksum state of the specified frame.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<ChecksumState> OK | ERR | UNDF

ERR: error
UNDF: undefined

Usage: Query only

BUS:LIN:FRAMe<n>:CSValue?
Returns the checksum value.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<ChecksumValue> Decimal value

Usage: Query only

BUS:LIN:FRAMe<n>:DATA?
Returns the data bytes of the specified frame.

Suffix:
<n> *
Selects the frame (1...n).

—
User Manual 1305.0595.02 — 08 406



R&S®RTM Remote Control

Command Reference

Return values:
<FrameData> Comma-separated list of decimal values of the data bytes.

Usage: Query only

BUS:LIN:FRAMe<n>:IDPValue?
Returns the parity value.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<ldentifierParityValue>Decimal value

Usage: Query only

BUS:LIN:FRAMe<n>:IDSTate?
Returns the identifier state of the selected frame.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<ldentifierState> OK | PRERror | UVAL | INSufficient

PRERror: parity error

UVAL: unexpected value

INSufficient: the frame is not completely contained in the acquisi-
tion. The decoded part of the frame is valid.

Usage: Query only

BUS:LIN:FRAMe<n>:IDValue?
Returns the identifier value (address)

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<IdentifierValue> Decimal value

Usage: Query only

BUS:LIN:FRAMe<n>:STARt?

Returns the start time of the specified frame.
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Suffix:
<n> *
Selects the frame (1...n).
Return values:
<StartTime> Range: depends on sample rate, record length, and time
base

Increment: depends on the time base
Default unit: s

Usage: Query only

BUS:LIN:FRAMe<n>:STOP?
Returns the end time of the specified frame.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<StopTime> Range: depends on sample rate, record length, and time
base
Increment: depends on the time base
Default unit: s

Usage: Query only

BUS:LIN:FRAMe<n>:SYSTate?
Returns the state of the sync field for the specified frame.

Suffix:
<n> *
Selects the frame (1...n).
Return values:
<SyncFieldState> OK | ERR | UNDF
ERR: error
UNDF: undefined

Usage: Query only

BUS:LIN:FRAMe<n>:SYValue?
Returns the value of the synchronization field.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<SyncFieldValue> Decimal value

—
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Usage: Query only

BUS:LIN:FRAMe<n>:VERSion?
Returns the version of the LIN standard for the specified frame.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<FrameVersion> V1X | V2X | UNK

UNK: Unknown
Usage: Query only

BUS:LIN:FRAMe<n>:BCOunt?
Returns the number of data bytes in the specified frame.

Suffix:
<n> *
Selects the frame (1...n).

Return values:
<ByteCount> Number of words (bytes)

Usage: Query only

BUS:LIN:FRAMe<n>:BYTE<0>:STATe?

Returns the state of the specified data byte.

Suffix:
<n> *

Selects the frame (1...n).
<0> *

Selects the byte number (1...n).

Return values:
<ByteStatus> OK | INS | UART

The byte is not completely contained in the acquisition

UART
At least one UART error occured. LIN uses UART words without
parity bit.

Usage: Query only

BUS:LIN:FRAMe<n>:BYTE<o>:VALue?

Returns the decimal value of the specified byte.

—
User Manual 1305.0595.02 — 08 409



Command Reference

Suffix:
<n> *

Selects the frame (1...n).
<0> *

Selects the byte number (1...n).

Return values:
<ByteValue> Decimal value

Usage: Query only

LIN - Search

SEARCHh:PROTOCOI:LIN:CONDItION. ...ttttutieieieeeeeeeieeieeeeereresiaiaaeseeeeeseserrereessstassnneseeeens 410
SEARCHh:PROTOGCOLLIN:FRAME. ......ciieeeeiiiiieieeeeeeieeeeetteee s e e e e e e e e eeasbbaeseeeaeseeeeasbaa s eeas 411
SEARCH:PROTOCOILINIIPERION. . .ciiiietieeeeeiettie e eeeeetee e e e e eeteaeeeereebaeeeeeeesaseeseeraeeeeeesananns 411
SEARCh:PROTOCOILIN:CHKSEITOT. ....c.uiiteeee et e e 412
SEARCH:PROTOCOILIN:SYERIOI....cciiiiiiiiiiiiiiiieieeeieieeeeeeeeeeeeeeeeeeeeeeeeesssrsrnrnaannanneaeens 412
SEARCHh:PROTOCOILIN:ICONGItION. ...uuiieieeeiieeiiiiiee e e eeeeeeeeetieee e e e e e e eeerabbe e e e e e e e e eeeraaaeeeas 412
SEARCHh:PROTOCOILIN: IDENT IS .uuuiieieeeieeeiriieeieeeeeeeeeetrieeseeeeeeeeeerssraeseeeeeeeeesrananneens 412
SEARCHh:PROTOCOLLIN:DLENGtN. ..cciiiiieeiee ettt e e e e e e e e e e e e e e e e e e e e e 412
SEARCh:PROTOCOI:LIN:DCONItION. . ..ceieiieiiieeiie ettt e e et e e e eee e e et e e eaaa s 413
SEARCN:PROTOCOILIN:DAT A. .ottt ettt e e et e et e e et e e e e e e eeneeeeneeennnanns 413

SEARch:PROTocol:LIN:CONDition <SearchCondition>

Sets the event or combination of events to be searched for. Depending on the selected
event, further settings are required.



R&S®RTM Remote Control

Command Reference

Parameters:
<SearchCondition> FRAMe | ERRor | IDEN:tifier | IDData | IDERror

FRAMe
Search for a frame type.
Set the frame type with SEARch : PROTocol : LIN: FRAMe.

ERRor

Search for errors of one or more error types.

Set the error types with SEARch: PROTocol : LIN: CHKSerror,
SEARch:PROTocol:LIN:IPERror, and SEARch:PROTocol:
LIN:SYERror.

IDENTtifier

Search for identifier.

Specifiy the identifier with SEARch: PROTocol : LIN:
ICONdition and SEARch:PROTocol :LIN:IDENtifier.
IDData

Search for identifier and data.

Set the identifier (see IDENT(ifier) and the data with SEARch :
PROTocol:LIN:DLENgth, SEARch:PROTocol:LIN:
DCONdition, and SEARch:PROTocol : LIN:DATA.

IDERror

Search for errors that occur with a specified identifier. Set the
identifier (see IDENTifier) and the errors to be found (see ERRor).

*RST: FRAM

SEARch:PROTocol:LIN:FRAMe <Frame>
Selects the frame type to be searched for.
The command is relevant if SEARch : PROTocol : LIN:CONDition is set to FRAMe.

Parameters:
<Frame> SOF | WAKeup

SOF: start of frame
WAKeup: Wakeup frame

*RST: SOF

SEARch:PROTocol:LIN:IPERror <IdParityError>
Searches for parity errors.

The command is relevant if SEARch : PROTocol:LIN:CONDition is setto ERRor or
IDERror.

Parameters:
<|dParityError> ON | OFF

*RST: OFF

—
User Manual 1305.0595.02 — 08 411



R&S®RTM Remote Control

Command Reference

SEARch:PROTocol:LIN:CHKSerror <ChecksumError>
Searches for checksum errors.

The command is relevant if SEARch : PROTocol:LIN:CONDition is setto ERRor or
IDERror.

Parameters:
<ChecksumError> ON | OFF

*RST: OFF

SEARch:PROTocol:LIN:SYERror <SyncError>
Searches for synchronization errors.

The command is relevant if SEARch : PROTocol : LIN: CONDition is setto ERRor or
IDERror.

Parameters:
<SyncError> ON | OFF

*RST: OFF

SEARch:PROTocol:LIN:ICONdition <IdCondition>

Sets the comparison condition for the identifier: If the pattern contains at least one X (don't
care), you can trigger on values equal or not equal to the specified value. If the pattern
contains only 0 and 1, you can also trigger on a range greater than or lower than the
specified value.

The command is relevant if SEARch : PROTocol : LIN: CONDition is setto
IDENtifier, IDData or IDERror.

Parameters:
<ldCondition> EQUal | NEQual | GTHan | LTHan

*RST: EQU

SEARch:PROTocol:LIN:IDENtifier <ldentifier>
Defines the identifier pattern.

The command is relevant if SEARch : PROTocol:LIN:CONDition is setto
IDENtifier, IDData or IDERror.

Parameters:

<ldentifier> String containing binary pattern. Characters 0, 1, and X are
allowed. Enter the 6 bit identifier without parity bits, not the pro-
tected identifier.

SEARch:PROTocol:LIN:DLENgth <Datal.ength>

Defines the length of the data pattern - the number of bytes in the pattern.

—
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The command is relevant if SEARch : PROTocol : LIN:CONDition is setto IDData.

Parameters:

<DatalLength> Range: 1to8
Increment: 1
*RST: 1

Default unit: Byte

SEARch:PROTocol:LIN:DCONdition <DataCondition>

Sets the comparison condition for data: If the pattern contains at least one X (don't care),
you can trigger on values equal or not equal to the specified value. If the pattern contains
only 0 and 1, you can also trigger on a range greater than or lower than the specified
value.

The command is relevant if SEARch : PROTocol:LIN:CONDition is setto IDData.

Parameters:
<DataCondition> EQUal | NEQual | GTHan | LTHan

*RST: EQU

SEARCch:PROTocol:LIN:DATA <Data>

Defines the data pattern. The pattern length is defined with SEARch: PROTocol:LIN:
DLENgth.

The command is relevant if SEARch : PROTocol:LIN:CONDition is setto IDData.

Parameters:
<Data> String containing binary pattern with max. 64 bit. Characters 0, 1,
and X are allowed. Make sure to enter complete bytes.

14.2.14 Data and File Management

This chapter describes commands on how to print and save screenshots, and how to
manage measurement settings and data..

L IS o7 =YY o I oo - T SRS 413
e Saving and Loading Data: MMEMory Commands............cccevveeviivuccenieeeeereeeennnnnns 416

14.2.14.1 Screenshots

This chapter describes remote commands used to print and save screenshots.

[ (01 @] Y ] I =Y T Yo TS 414
MMEMOTY:NAME . ... i eeiitte et ettt e ettt e ettt e e e e ettt s e e e eeta s eesestan e eeeetanaeseetanaeeeeranseesensnns 414
HCOPY[IMMEIALE]. . ..evuuueeeerieeeeiitiieeeeeteieeeeeteeee sttt eeesetateesestanseeresnaaeesessnnseesesnnnseessnns 414
HOOPY:LANGUAGE. .. e eeteeeeeeeeteeeeeeseseseeseeseeseseseseesaeseesesseseeneseesessessestsseseesesseseesessessenes 415
HCOPY:PAGE:SIZE.... ..ttt et et et et e e e e e e ee e e e e e ees 415
HCOPY:PAGE:ORIENTAtION. ...eeee e et e e e e e e e e e e e e e e e e e e e e e eeeennennans 415
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HCOPY:COLONSCHEME. ...cieieieeeeeeiiieiateeaaaeee e e e e e e eeeeeeeeeeeaeaestnaaaaaaeeeaeaaaaeeeeeeeanensensnnnnnnns 415
SYSTem:COMMUNICAte:PRINEISELECE. ....iiiiiireieeieeieieeeeetieeeeeeee e e et e e e e etnae e e e e ennanes 415
SYSTem:COMMunicate:PRINter:-ENUMerate:FIRST?......c.ccvieeiiiieeiieieeeeeteeeeeeee et eeaans 416
SYSTem:COMMunicate:PRINter:-ENUMerate[INEXT]?....c..ceeieereeeieeeeeeereeeeeereeeeeeneeeeenanns 416

HCOPy:DESTination <Medium>

Defines whether the screenshot is saved or printed.

Parameters:

<Medium> MMEM | SYST:COMM:PRIN
String parameter

MMEM
Saves the screenshot to a file. Specify the file name and location
with MMEMory : NAME.

SYST:COMM:PRIN

Prints on the printer specified with SYSTem:COMMunicate:
PRINter:SELect. The printer must be specified before the
HCOPy:DESTination is sent.

*RST: MMEM

Example: HCOP:DEST "MMEM"
chapter 14.3.3.1, "Saving Screenshots to File", on page 433

MMEMory:NAME <FileName>

Defines the file name to store an image of the display with HCOPy [ : TMMediate].

Parameters:
<FileName> String parameter
Example: chapter 14.3.3.1, "Saving Screenshots to File", on page 433

HCOPy[:IMMediate]

Prints an image of the display to the printer or saves an image to a file or the clipboard,
depending on the HCOPy : DESTination setting.

Before starting the printout, make sure that:

® The printer is defined by SYSTem:COMMunicate: PRINter:SELect.
® The path for storage is defined correctly by MMEMory :CDIRectory

® The file name for storage is defined by MMEMory : NAME.

Example: chapter 14.3.3.1, "Saving Screenshots to File", on page 433

Usage: Event

—
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HCOPy:LANGuage <Format>
Defines the format of the printed or saved screenshot.

Parameters:
<Format> GDI | BMP | PNG

GDI
For output on printer

BMP | PNG
File formats for saved screenshots

*RST: PNG
Example: chapter 14.3.3.1, "Saving Screenshots to File", on page 433

HCOPy:PAGE:SIZE <Size>
Defines the page size to be used.

Parameters:
<Size> A4 | A5 | B5 | B6 | EXECutive

HCOPy:PAGE:ORlentation <Orientation>
Defines the page orientation.

Parameters:
<Orientation> LANDscape | PORTrait

HCOPy:COLor:SCHeme <ColorScheme>
Defines the color mode for saved and printed screenshots.

Parameters:
<ColorScheme> COLor | GRAYscale | INVerted

INVerted inverts the colors of the output, i.e. a dark waveform is
printed on a white background.

*RST: COLor
Example: chapter 14.3.3.1, "Saving Screenshots to File", on page 433

SYSTem:COMMunicate:PRINter:SELect <PrinterName>
Selects a configured printer.

Parameters:

<PrinterName> String parameter

Enter the string as it is returned with SYSTem:COMMunicate:
PRINter:ENUMerate:FIRSt? Or SYSTem:COMMunicate:
PRINter:ENUMerate [ :NEXT] 2.

—
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SYSTem:COMMunicate:PRINter:ENUMerate:FIRSt?

Queries the name of the first printer in the list of printers. The names of other installed
printers can be queried with the SYSTem: COMMunicate:PRINter:ENUMerate [ :
NEXT] ? command.

Return values:
<PrinterName> String parameter
If no printer is configured an empty string is returned.

Usage: Query only

SYSTem:COMMunicate:PRINter:ENUMerate[:NEXT]?

Queries the name of the next printer installed. The SySTem:COMMunicate:
PRINter:ENUMerate:FIRSt? command should be sent previously to return to the
beginning of the printer list and query the name of the first printer.

Return values:
<PrinterName> String parameter

After all available printer names have been returned, an empty
string enclosed by quotation marks (") is returned for the next
query. Further queries are answered by a query error.

Usage: Query only

14.2.14.2 Saving and Loading Data: MMEMory Commands

The Mass MEMomory subsystem provides commands to access the storage media and
to save and reload instrument settings and data.

The R&S RTM has three storage devices indicated as drives:

e /INT: internal storage with default directories for each data type

e /USB_FRONT: USB connector on the front panel

e /USB_REAR: USB connector on the rear panel

Common computer and network drives like C:, D:, \\server\share are not available.

Name conventions

The names of files and directories have to meet the following rules:
e Only the 8.3 format with ASCI characters is supported.

e No special characters are allowed.

e Use/ (slash) instead of \ (backslash).

MMEMOTY:DRIVES Y.t i eeeeeetiee e e eetee e e e ettt ee e e e et eet e e e e e eetat e e eessestaaeeeseetanaasaeseesnnnseeesessans 417
MIMEMOTY:MSIS... .. ceiiieee et e ettt e e e e et ee e e e e eet e e e e e eeat e eeeses b eeeseesasasaeseessansaneeessans 417
MMEMOTY:CDIRECIOMY ... iiiieeeeeeeeeeeeeettt et eeeeee e e e e e e eeeeeeeeeeeeetee b aaaeeeaaaaeserereensnrsnsnnnnnnns 417
MMEMOTY:MDIRECIOIY.....ceeieeeeitiieeeieeeeeeeeeeeet i eeeeeeeeeeeeeeteata e eeaeaeeseeessntanaaaeaaasereenssnnnnns 417
MMEMOIY:RDIRECIOIY ... ittt e eee et et eeeeeeeeeeteeeaeae e e e e e e e e e e e e et e eeeeeentanaaeae e e e e eeeeeaeeeeenneneennnnnnnns 418
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Y Y 1Y T Tt I @ N 1= 1o RS 418
MMEMOry:DCATaIOG:LENGEN?.....eiiiteie et e et e et e e e et s e e s eabe e e e eenaeeerenas 419
MMEMOTY:CATAIOG?. . e eetteieeietteeeeeeetteeeeeeettaeeesettaaeeseetaaeeseetanaesertanaaeseeranseesesranessersnns 419
MMEMOory:CATalog:LENGEN?. ...ttt et et e e e e e a e e e ees 420
MIMEMOTY:COPY .. ettt ettt ettt e e et ettt e et e e e e et e ea e ean e eaeaaeeaeaenaes 420
MMEMOTY:IMOVE..... .ttt ettt ettt et e e et e e e et e ea e et e enaennaeenaaes 421
MMEMOIY:DELELE. ...eeieeeee e ettt s e e e e e e e e e e e e e e e et ee et e e e e e e e e e eeeeeeeeeeenenennnnnnnnns 421
MIMEMOTY:DATA . c.ceeetttttteeeeie ettt eeee et eeeeeeesa s b e teeaeeeeeaeseserreessatasaaaansasaesaaseesereensnrssrannnnnns 421
MMEMOTY: S TORE: S T AT .ttt eeietteieeeetttee e e ettt aeeeereetaaeeeseetateeeesannaaaesesstnsassensnnneessenrnns 422
MIMEMOTY L O A D S T AT €.ttt eeieeteeeee ettt et e e e ettt e e eeeeeet et eeseestanaeeseesasasaesrssnansaesentaneeeseerans 422
MMEMory:DRIVes?

Returns the storage devices available on the R&S RTM.

Return values:
<Drive> List of strings, for example, "/INT","/USB_FRONT","/USB_REAR"

/INT: internal storage
/USB_FRONT: USB connector on the front panel
/USB_REAR: USB connector on the rear panel

Usage: Query only

MMEMory:MSIS [<MassStoragelS>]

Changes the storage device (drive).

Parameters:
<MassStoragelS> One of the available drives: /INT, /USB_FRONT, or /JUSB_REAR
Example: MMEM:MSIS '/USB_FRONT'

Sets the USB flash drive connected to the front panel as storage
device to be used.

MMEMory:CDIRectory [<DirectoryName>]
Specifies the current directory for file access.

Setting parameters:
<DirectoryName> String parameter to specify the directory, including the storage

device.

Example: MMEM:CDIR "/USB FRONT/DATA"

Example: chapter 14.3.3.2, "Saving, Copying, and Loading Setup Data",
on page 433

MMEMory:MDIRectory <DirectoryName>

Creates a new directory with the specified name.

—
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Setting parameters:
<DirectoryName> String parameter

Absolute path including the storage device, or relative to the cur-
rent directory.

Example: Create directory DATA on the front USB flash device, with abso-
lute path:
MMEM:MDIR "/USB_FRONT/DATA"

Example: Create directory JANUARY in the DATA directory, with relative
path:

MMEM:CDIR "/USB_FRONT/DATA/"
MMEM:MDIR "JANUARY"

Usage: Setting only

MMEMory:RDIRectory <DirectoryName>
Deletes the specified directory.

Note: All subdirectories and all files in the specified directory and in the subdirectories
will be deleted!

You cannot delete the current directory or a superior directory. In this case, the instrument
returns an execution error.

Setting parameters:
<DirectoryName> String parameter, absolute path or relative to the current directory

Example: MMEM:RDIR "/INT/TEST"
Deletes the directory TEST in the internal storage device, and all
files and subdirectories in the directory.

Usage: Setting only

MMEMory:DCATalog? <PathName>

Returns the subdirectories of the specified directory. The result corresponds to the num-
ber of strings returned by the MMEMory: DCATalog: LENgth? command.

Query parameters:

<PathName> String parameter
Specifies the directory.

Return values:

<FileEntry> String parameter

List of subdirectory strings separated by commas. If the specified
directory does not have any subdirectory, the current and the
parent directories are returned (".,,0","..,,0")

—
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Example: Query for directories with absolute path:
MMEM:DCAT? "/USB_FRONT/*"
received ".,,0","..,,0","DATA,,O0", "DATA NEW,,
0", "SCREENSHOTS, , 0"
MMEM: DCAT : LENG? "/USB_FRONT/*"
received 5

Example: Query for directories in the current directory:
MMEM:CDIR "/USB_FRONT/DATA/"
MMEM:DCAT? "*"
received ".,,0","..,,0", "JANUARY, ,
0", "FEBRUARY, ,0"
MMEM:DCAT : LENG? "*"
received 4

Example: Query with filter:
MMEM:DCAT? "/USB_FRONT/DA*"
received "DATA,,Q0","DATA NEW,,0"
MMEM:DCAT : LENG? "/USB_FRONT/DA*"
received 2

Usage: Query only

MMEMory:DCATalog:LENGth? <PathName>

Returns the number of directories in specified directory. The result corresponds to the
number of strings returned by the MMEMory : DCATalog? command.

Query parameters:
<PathName> String parameter

Specifies the directory.

Return values:
<FileEntryCount> Number of directories.

Example: see MMEMory:DCATalog?

Usage: Query only

MMEMory:CATalog? <PathName>[,<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.

Query parameters:

<PathName> String parameter
Specifies the directory. A filter can be used to list, for example,
only files of a given file type.

<Format> ALL | WTIMe

ALL: Extended result including file, date, time and attributes
WTIMe: Result including file, date, time

—
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Return values:
<UsedMemory>

<FreeMemory>

<FileEntry>

Example:

Example:

Example:

Usage:

Command Reference

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.

Query for files in the DATA directory, with absolute path:
MMEM:CAT? "/USB_FRONT/DATA/*.*"

received: 511104,8633856, "MONDAY.TXT, ,

8", "TUESDAY.CSV,, 8"

Query for TXT files in the DATA directory, with relative path:
MMEM:CDIR "/USB_ FRONT/DATA"'

MMEM:CAT? "* . TXT"

received: 511104,8633856, "MONDAY.TXT,, 8"
MMEM:CAT : LENGTH? "* . TXT"

received 1

chapter 14.3.3.2, "Saving, Copying, and Loading Setup Data",
on page 433

Query only

MMEMory:CATalog:LENGth? <PathName>

Returns the number of files in the specified directory. The result corresponds to the num-
ber of files returned by the MMEMory: CATalog? command.

Query parameters:
<PathName>

Return values:
<Count>

Example:

Usage:

String parameter
Directory to be queried, absolute or relative path

Number of files.
see MMEMory:CATalog?

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>

<FileDestination>

String parameter
Name and path of the file to be copied

String parameter

Name and path of the new file. If the file already exists, it is over-
written without notice.

—
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Example: MMEM:COPY "/INT/SETTINGS/SET001.SET",
"/USB_FRONT/SETTINGS/TESTSET1.SET"

Example: chapter 14.3.3.2, "Saving, Copying, and Loading Setup Data",
on page 433

Usage: Setting only

MMEMory:MOVE <FileSource>,<FileDestination>
Moves an existing file to a new location.

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 "/INT/SETTINGS/SET001.SET",
"/USB_FRONT/SETTINGS/SET001.SET"

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 omitted,
the specified file will be deleted in the current directory. Filters are

not allowed.

Example: chapter 14.3.3.2, "Saving, Copying, and Loading Setup Data",
on page 433

Usage: Setting only

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, followed by this given number of digits pro-
viding the number of bytes in the binary data attached.

Parameters for setting and query:
<FileName> String parameter containing the file name
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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

Example: chapter 14.3.3.2, "Saving, Copying, and Loading Setup Data",
on page 433

MMEMory:STORe:STATe <StateNumber>,<FileName>
Saves the current device settings to the specified file in the current directory.

Setting parameters:

<StateNumber> Range: 1 to 1
Increment: 0
*RST: 1

<FileName> String parameter

File name, with or without file extension

Example: MMEM:CDIR "/USB_ FRONT/DATA"'
MMEM: STOR: STAT 1, "MORNING.SET"

Example: chapter 14.3.3.2, "Saving, Copying, and Loading Setup Data",
on page 433

Usage: Setting only

MMEMory:LOAD:STATe <StateNumber>,<FileName>
Loads the device settings from the specified file in the current directory.

Setting parameters:

<StateNumber> Range: 1 to 1
Increment: 0
*RST: 1

<FileName> String parameter

File name, with or without file extension

Example: MMEM:CDIR "/USB FRONT/DATA"'
MMEM: LOAD:STAT 1, "MORNING"

Example: chapter 14.3.3.2, "Saving, Copying, and Loading Setup Data",
on page 433

Usage: Setting only
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14.2.15 General Instrument Setup

DISPIAY:LANGUAGE. «.ceettttuteaaaae e e e e e ee e e e e e e e e et eeeetaeaeeeaea e aeaeeeeaaeaaaaaaeeeeeanaeeesennnnnnanns 423
DISPIay:LANGUAGEIADD........ceieeeeeeeeeeeeeeeee e e e e e e e e e e e e e e eeeeeeeensan e aneeeeeaaaeeeeeenenennnnnnnns 423
DISPIay:LANGUAGEIREMOVE. ... .ceieeeeeieieiietiaae e e e e aeeeeeaeeiaaaaaaeeseeeeseeeeessnnaaeseeeeeenenesnnnnnns 423
SYSTEMINAME. ...ttt e ettt ettt e et e e e e e eeaeessessa e e na s benreeeeeeeeeeaaaaaaaeaens 424
N A N =10 0 T L I PP 424
SYSTEMITIME. ...t ettt et e e et e e et e et e e e e e aee e et e enaaeeaaaeaeeneenns 424
N A N =10 1S T = PP 425
SY STEMIERRONINEX T 2. ettt ettt e et e et e e e e e e e e e ea e enas 425
R T =T = L (o o Y 425
R S I T 425

DISPlay:LANGuage <Language>

Sets the language in which the softkey labels, help and other screen information can be
displayed.

Up to four languages can be installed on the instrument. Make sure that the required
language is installed before you set it.

Parameters:
<Language> ENGLish | GERMan | FRENch | SPANish | RUSSian | SCHinese |
TCHinese | JAPanese

Supported languages are listed in the "Specifications" data sheet.
*RST: Reset does not change the language

DISPlay:LANGuage:ADD <Language>,<SourcePath>

Installs the specified language on the instrument. For each language, softkey labels,
display texts, and - if available - the online help are provided. To install or update a lan-
guage or online help, the language file RTM10xx.HMG is required on a USB flash drive.
The language file contains all available languages and online helps. Up to four languages
can be installed on the instrument.

To change the displayed language, use DISPlay: LANGuage.

Setting parameters:
<Language> ENGLish | GERMan | FRENch | SPANish | RUSSian | SCHinese |
TCHinese | JAPanese | KORean

<SourcePath> String parameter containing source path and file
Example: DISP:LANG:ADD GERM, "/USB_FRONT/RTM1054.HMG"
Usage: Setting only

DISPlay:LANGuage:REMove <Language>

Removes the specified language from the instrument.

—
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Setting parameters:
<Language> ENGLish | GERMan | FRENch | SPANish | RUSSian | SCHinese |
TCHinese | JAPanese | KORean

Example: DISP:LANG:REM GERM

Usage: Setting only

SYSTem:NAME
Defines an instrument name.

Parameters:
<Name> String with max. 20 characters

SYSTem:DATE <Year>,<Month>,<Day>

Specifies the internal date for the instrument.

Parameters:

<Year> Increment: 1
Default unit: a

<Month> Range: 1 to 12
Increment: 1

<Day> Range: 1 to 31
Increment: 1
Default unit: d

Usage: SCPI confirmed

SYSTem:TIME <Hour>,<Minute>,<Second>

Specifies the internal time for the instrument.

Parameters:

<Hour> Range: 0 to 23
Increment: 1
Default unit: h

<Minute> Range: 0 to 59
Increment: 1
Default unit: min

<Second> Range: 0 to 59
Increment: 1
Default unit: s

Usage: SCPI confirmed

—
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SYSTem:SET <Setup>

Defines or queries the device settings that can be saved and load manually with FILE >
"Device Settings".

Parameters:
<Setup> 488.2 block data
Usage: SCPI confirmed

SYSTem:ERRor:[NEXT]?

Queries the error/event queue for the oldest item and removes it from the queue. The
response consists of an error number and a short description of the error.

Positive error numbers are instrument-dependent. Negative error numbers are reserved
by the SCPI standard.

Return values:

<Error> Error/event_number,"Error/event_description>[;Device-depend-
ent info]"
If the queue is empty, the response is 0, "No error"

Usage: Query only
SCPI confirmed

SYSTem:ERRor:ALL?

Queries the error/event queue for all unread items and removes them from the queue.
The response is a comma separated list of error number and a short description of the
error in FIFO order.

Positive error numbers are instrument-dependent. Negative error numbers are reserved
by the SCPI standard.

Return values:

<Error> List of: Error/event_number,"Error/event_description>[;Device-
dependent info]"
If the queue is empty, the response is 0, "No error"

Usage: Query only
SCPI confirmed

SYST:PRESet
Resets the instrument to the default state, has the same effect as *RST.

Usage: Event

—
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14.2.16 Status Reporting

14.2.16.1 STATus:OPERation Register
The commands of the STATus : OPERation subsystem control the status reporting
structures of the STATus:OPERation register:

See also:
e chapter 14.1.6.1, "Structure of a SCPI Status Register", on page 252
e "STATus:OPERation Register" on page 257

The following commands are available:

STATUS:OPERAtION:CONDIION 2. e iniieieieeieie ettt e e st ea e e rae e e e rnensenrnes 426
STATUS:OPERGONENABIE. ... ..ttt ettt e r e e e e e raeas 426
STATUS:OPERAtIONINTRANSIHION. .. ceeeeiceieeeeitee et et e e et e e e e e e e e e e e e e eeennees 426
STATUS:OPERGLION:PTREANSITION. ....cevttiriiriiieieeeeeeeeeeieeeeeteriiaaeieseeeeesererrerrsstrrnaeeeens 426
STATUS:OPERAION[EEVENL]?...ciuniieiiite ettt et e et e et e e e e et e e e e eebe e e e e eabeeeesennanns 427

STATus:OPERation:CONDition?
Returns the of the CONDition part of the operational status register.

Return values:
<Condition> Condition bits in decimal representation. ALIGnment (bit 0) ,
SELFtest (bit 1) , AUToset (bit 2), WTRigger (bit 3).

Range: 1 to 65535
Increment: 1

Usage: Query only

STATus:OPERation:ENABIle <Enable>

Parameters:
<Enable> Range: 1 to 65535
Increment: 1

STATus:OPERation:NTRansition <NegativeTransition>

Parameters:
<NegativeTransition> Range: 1 to 65535
Increment: 1

STATus:OPERation:PTRansition <PositiveTransition>

Parameters:
<PositiveTransition> Range: 1 to 65535
Increment: 1

—
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STATus:OPERation[:EVEN(t]?

Return values:

<Event> Range: 1 to 65535
Increment: 1
Usage: Query only

STATus:QUEStionable Registers

The commands of the STATus : QUEStionable subsystem control the status reporting
structures of the STATus:QUEStionable registers:
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Fig. 14-4: Structure of the STATus:QUEStionable register
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See also:
e chapter 14.1.6.1, "Structure of a SCPI Status Register", on page 252
e '"STATus:QUEStionable Register" on page 257

The following commands are available:

STATUSIPRESEL......cceiiiititiieieeieeeee e et ettt ereeeteeeeeeeeeeeeeeraba b asesaaaaesereerrestaranaaesaaaens 428
STATUS:QUESHONADIE:CONDITION?.....cevvrvrririieeieeeeeeeeeereeersrsriaaaeseeeeeseseerresrsranneeeens 428
STATus:QUEStionable:COVerload:CONDItION?.......cceuuiiiieeiiiie e eeeee e e e e e e e eeaaas 428
STATus:QUEStionable:LIMit:CONDItION?.........ceiiieeii et ee e e e e e et e e e e e eee e e et e eeeaaaas 428
STATus:QUEStionable:MASK:CONDIION?......ciieiii e eieeieieeieeeereee e eae e e e e e s e e e enes 428
STATUS:QUESHIONADIE:ENABIE..........eeeeeeeeeeeeeeeeee et 429
STATus:QUEStionable:COVerload:ENABIE. ..........ceeeuneeeeeeeeee et e e e 429
STATUs:QUESHONADIE:LIMItEENABIE. .....ccvveiiiiiieieeeeeeeeeeeeeeeeteeee s e e e e e e e e e e e eeeee b eeeeas 429
STATUS:QUESHONADIEIMASKIENABIE. ....ceieieeeeeeeeeeeeeeeetitiereeeeeeeeeeeeeeeeeeeeeerababaaaeseeeeas 429
STATUS:QUESHONADIE[:EVENL] 2. 1uu it ieeiiiiie et seeeeee e ee e e e s e s e e s e e e aan s 429
STATus:QUEStionable:COVerload[:EVENL]?.....cccuuiiiiiiiiiei e e 429
STATus:QUEStionable:LIMIt[:EVENL?...... e 429
STATus:QUEStionable:MASK[:EVENT]?...... ettt e 429
STATUS:QUESHONADIEINTRANSHION. ....ceeieieiiiriiieeeeeeeeeeeeitieie e e e e e e e eeeeb e s eeeeeeeersranaeaens 429
STATus:QUEStionable:COVerload:NTRANSITION. .......c.vuueieireeeieiriiieeieeeeeeeerieeieeeeeeeesannnnns 429
STATus:QUEStionable:LIMit:NTRaANSItION. .....ccuiiiiiiii e e e e e 429
STATus:QUEStionable:MASK:NTRANSIION. .......c.ciiiieiiiiie e icee e et e e e e e e e e e e 429
STATus:QUEStioNable:PTRANSIHION. ........iiiiiieeei e e e 430
STATus:QUEStionable:COVerload:PTRANSItION. ........ceuiiiiieeiii e 430
STATus:QUEStionable:LIMit:PTRANSHION. ........ceeeeeieieeiee et e et e e e e eeneas 430
STATuUs:QUESHIoNable:MASK:PTRANSIHION. ........ccevviieeiieeeieeeriiieee e eeeeeeetieeeeeeeeeeeeraa s 430
STATus:PRESet

Resets all STATUS:QUESTIONALBLE registers.

Usage: Event

STATus:QUEStionable:CONDition?
STATus:QUEStionable:COVerload:CONDition?
STATus:QUEStionable:LIMit: CONDition?
STATus:QUEStionable:MASK:CONDition?

Returns the contents of the CONDition part of the status register to check for questionable
instrument or measurement states. Reading the CONDition registers does not delete the
contents.

Return values:

<Condition> Condition bits in decimal representation
Range: 1 to 65535
Increment: 1

Usage: Query only
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STATus:QUEStionable:ENABIe <Enable>
STATus:QUEStionable:COVerload:ENABIle <Enable>
STATus:QUEStionable:LIMit:ENABIle <Enable>
STATus:QUEStionable:MASK:ENABIe <Enable>

Sets the enable mask that allows true conditions in the EVENTt part to be reported in the
summary bit. If a bit is set to 1 in the enable part and its associated event bit transitions
to true, a positive transition occurs in the summary bit and is reported to the next higher

level.
Parameters:
<Enable> Bit mask in decimal representation
Range: 1 to 65535
Increment: 1
Example: STATus:QUEStionable:MASK:ENABle 24

Set bits no. 3 and 4 of the STATus:QUEStionable:MASK:ENABIe
register part: 24 =8 + 16 = 2% + 24

STATus:QUEStionable[:EVENt]?
STATus:QUEStionable:COVerload[:EVENt]?
STATus:QUEStionable:LIMit[:EVEN{]?
STATus:QUEStionable:MASK[:EVENt]?

Returns the contents of the EVENT part of the status register to check whether an event
has occurred since the last reading. Reading an EVEN! register deletes its contents.

Return values:
<Event> Event bits in decimal representation

Range: 1 to 65535
Increment: 1

Usage: Query only

STATus:QUEStionable:NTRansition <NegativeTransition>
STATus:QUEStionable:COVerload:NTRansition <NegativeTransition>
STATus:QUEStionable:LIMit:NTRansition <NegativeTransition>
STATus:QUEStionable:MASK:NTRansition <NegativeTransition>

Sets the negative transition filter. If a bit is set, a 1 to 0 transition in the corresponding bit
of the condition register causes a 1 to be written in the corresponding bit of the event
register.

Parameters:
<NegativeTransition> Bit mask in decimal representation

Range: 1 to 65535
Increment: 1

Example: STATus:QUEStionable:MASK:NTRansition 24
Set bits no. 3 and 4 of the STATus:QUEStionable:MASK:NTRan-
sition register part: 24 =8 + 16 = 23 + 24
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STATus:QUEStionable:PTRansition <PositiveTransition>
STATus:QUEStionable:COVerload:PTRansition <PositiveTransition>
STATus:QUEStionable:LIMit:PTRansition <PositiveTransition>
STATus:QUEStionable:MASK:PTRansition <PositiveTransition>

Sets the positive transition filter. If a bit is set, a 0 to 1 transition in the corresponding bit
of the condition register causes a 1 to be written in the corresponding bit of the event
register.

Parameters:

<PositiveTransition> Bit mask in decimal representation
Range: 1 to 65535
Increment: 1

Example: STATus:QUEStionable:MASK:PTRansition 24
Set bits no. 3 and 4 of the STATus:QUEStionable:MASK:PTRan-
sition register part: 24 =8 + 16 = 23 + 24

14.3 Programming Examples

14.3.1 Data Export

14.3.1.1 Reading Waveform Data from Memory

Set data format and sample range, read channel header and data.

Command description in chapter 14.2.3, "General Remote Settings and Queries",
on page 267 and chapter 14.2.4.5, "Waveform Data", on page 283.

* Connected to: TCPIP0::192.168.1.1::inst0::INSTR
SYST:ERR?

<-- 0,"No error"

*IDN?

<-- Rohdes&Schwarz,RTM1052,1305.0008K52/101489,04.502

*RST

CHAN:TYPE HRES // Set high resolution mode (16 bit data)

ACQ:WRAT MSAM // Set maximum waveform rate

TIM:SCAL 1E-7 // Set time base

FORM REAL // Set REAL data format

FORM:BORD LSBF // Set little endian byte order

CHAN:DATA:POIN DMAX // Set sample range to memory data in displayed time range
SING; *OPC? // Start single acquisition

<-- 1

CHAN:DATA:HEAD? // Read header

<-- -4.9980E-07,5.0000E-07,5000,1 // Xstart, Xstop, record length in samples

—
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CHAN:DATA?

<——

// Read channel data
// Binary block data,
// 4-byte floating point number/sample

Reading Waveform Data in Unsigned Integer Format

Read the channel header, the waveform conversion data, set the UINT binary data format
and read the channel data.

Command description in: chapter 14.2.3, "General Remote Settings and Queries",
on page 267.

*RST

TIM:SCAL 1E-7
CHAN:DATA:POIN DMAX
SING; *OPC?

<-- 1

// Set data range

CHAN:DATA:HEAD? // Read header

<-- -4.,9980E-07,5.0000E-07,5000,1 // Xstart, Xstop, record length in samples
CHAN:DATA:YRES? // Read vertical resolution

<-- 8

CHAN:DATA:YOR? // Read voltage value for binary value 0

<-- -2.549999943E-2

CHAN:DATA:XOR? // Read time of the first sample

<-- -4.998000058E-7

CHAN:DATA:XINC? // Read time between two adjacent samples

<-- 2.000000023E-10

FORM UINT, 8; FORM? // Set data format to unsigned integer, 8 bit

<-- UINT, 8

CHAN:DATA:YINC? // Read voltage value per bit

<-- 1.999999949E-4

CHAN:DATA? // Read channel data

<-- 128,125,120... // 5000 bytes total

FORM UINT, 16; FORM? // Change data format to unsigned integer, 16 bit
<-- UINT, 16

CHAN:DATA:YINC? // Read voltage value per bit

<-- 7.812499803E-7

CHAN:DATA? // Read channel data

32768,32000,30720... // 10000 bytes total

Note the following correlations:

e The number of received data values matches the number of samples indicated in the
header.

e The time of the first sample (XORigin) matches the start time Xstart indicated in the
header.

e The Y-increment adjusts to the data length defined in the data format (8 or 16 bit).

Data conversion

Definition: the sample numbers start with 0 and end with record length - 1.

anua g Uz —



R&S®RTM Remote Control

Programming Examples

Sample time

t, = n * xIncrement + xOrigin

First sample: t, = -4.998000058E-7 (= Xstart)

Last sample: tyg99 = 4999 * 2E-70 — 4.998E~7 = 5.0 E~7 (= Xstop)

Sample value

Y, = yOrigin + (yIncrement * byteValue,)

The format UINT, 8 has the data range 0 to 255. The voltage value for byte value 128 is:
Y, = —2.65E2 + (2E~* * 128) = 0.0001

The center of the display at position 0 div always has the byte value 127.5. The corre-
sponding voltage value is:

Y, = —2.55E2 + (2E~* * 127.5) = 0

8-bit and 16-bit data

At the end of the above example, the 8-bit waveform is read as 16-bit data, for example,
OxFF is read OxFFOO0, or Ox1A is read 0x1A00. The yOrigin value is the same in both
cases, but the yIncrement differs.

8-bit data 16-bit data Result

2e“* 128 7,8125E7 * 32768 0,0256 V
ylncrement * byteValue,

2e4*125 7,8125E7 * 32000 0,025V

In the reverse case, if a 16-bit waveform is read with 8-bit data format, data precision may
be reduced. Data values ar truncated, and only the more significiant bits remain. For
example, the 16-bit data Oxabcd is read Oxab in 8-bit format, and cd is lost.

14.3.2 Search

14.3.2.1 Searching for a Pulse of Specified Width

Search for positive pulses with pulse width 12 + 10 ps (2 ps to 22 ps).
Command description in: chapter 14.2.12, "Search", on page 343.

SEAR:STAT ON // Turn on search

SEAR:COND WIDTH // Select search condition

SEAR:SOUR CH2 // Configure search source

SEAR:TRIG:WIDT:POL POS // Configure search parameters: Polarity
SEAR:TRIG:WIDT:RANG WITH // Configure search parameters: Condition = within

SEAR:TRIG:WIDT:WIDT 12e-6 // Configure search parameters: Pulse width
SEAR:TRIG:WIDT:DELT 10e-6 // Configure search parameters: +/- delta

—
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SEAR:RESD: SHOW ON // Show result table

SEAR:RCO? // Get number of search events found

<-- 1.400E+01

SEAR:RES:ALL? // Get all search results

<-- 1,5.201200e-06,0,WIDTH, POSITIVE,1.220160e-05,2,4.120040e-05,0,WIDTH,

POSITIVE,3.076800e-06,3,4.732480e-05,0,WIDTH, POSITIVE, 9.127200e-06, 4,
6.499960e-05,0, WIDTH, POSITIVE, 1.835160e-05,5,8.634920e-05, 0, WIDTH, POSITIVE,
3.052000e-06,6,1.293984e-04,0,WIDTH, POSITIVE, 9.176800e-06,7,1.477228e-04,0,
WIDTH, POSITIVE, 3.052000e-06,8,1.623224e-04, 0, WIDTH, POSITIVE, 3.102000e-06, 9,
1.684724e-04,0,WIDTH, POSITIVE, 1.215160e-05,10,1.953216e-04, 0, WIDTH, POSITIVE,
3.027200e-06,11,2.044716e-04, 0, WIDTH, POSITIVE, 6.052000e-06,12,2.252212e-04,0,
WIDTH, POSITIVE, 3.052000e-06,13,2.435456e-04, 0, WIDTH, POSITIVE, 3.027200e-06,14,
2.496456e-04,0, WIDTH, POSITIVE, 6.702000e-06

14.3.3 Data and File Management

14.3.3.1 Saving Screenshots to File

Save two display images in png format to the P1X folder on a USB flash drive that is
connected to the front panel. One screenshot is colored and the other is grayscaled.
Finally, the data of the gray screenshot is read for further user on the control computer.

Command description in: chapter 14.2.14.1, "Screenshots", on page 413.

*RST

MMEM:CDIR "/USB_FRONT"
MMEM:MDIR "/USB_FRONT/PIX"
MMEM:CDIR "/USB_FRONT/PIX/"

HCOP:DEST "MMEM"
HCOP:LANG PNG
HCOP:COL:SCH COL
MMEM:NAME "COLORED"
HCOP:IMM
HCOP:COL:SCH GRAY
MMEM:NAME "GRAY"
HCOP:IMM

MMEM:CAT? "*.PNG"
MMEM:DATA? "GRAY.PNG"

14.3.3.2 Saving, Copying, and Loading Setup Data

Save instrument settings to a file on internal storage device, duplicate this file and save
it to a USB stick attached to the front panel. Finally, there are three setup files on the
internal storage /INT/SETTINGS, and one file on the USB flash device.

—
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Command description in: chapter 14.2.14.2, "Saving and Loading Data: MMEMory Com-
mands", on page 416.

CHAN1:STAT ON // Turn channel 1 on
CHAN2:STAT ON // Turn channel 2 on
TIM:ZOOM:STAT ON // Show zoom diagram
MMEM:CDIR "/INT/SETTINGS" // Set storage device and directory
MMEM:STOR:STAT 1,"ZOOM A.SET" // Save settings to internal storage
MMEM:CAT? "*.SET" // Check
<-- 332112,8633856,"Z200M A.SET,,2759"
MMEM:COPY "ZOOM_A.SET","ZOOM B.SET" // Copy file
MMEM:CAT? "*.SET" // Check
<-- 332112,8633856,"Z00M A.SET,,2759","Z00M B.SET,,2759"
MMEM: COPY "/INT/SETTINGS/ZOOM_B.SET","/USB_FRONT/ZOOM_B.SET"
// Save copied file to USB stick
MMEM:CDIR "/USB_FRONT" // Check
MMEM:CAT? "*.SET"
<-- 4890624,-641765376,"Z00M _B.SET,,2759"
MMEM:COPY "/USB_FRONT/ZOOM B.SET","/USB_FRONT/ZOOM_USB.SET"
// Duplicate file on USB stick
MMEM:CAT? "*.SET" // Check
<-- 4890624,-641765376,"200M B.SET,,2759","200M USB.SET,,2759"
MMEM:DEL "ZOOM B.SET" // Delete original file
MMEM:CAT? "*.SET" // Check
<-- 4886528,-641765376,"Z00M USB.SET,,2759"
MMEM: COPY "/USB_FRONT/ZOOM_USB.SET","/INT/SETTINGS/"
// Copy new file to the instrument
MMEM:CDIR "/INT/SETTINGS" // Check
MMEM:CAT? "*.SET"
<-- 332112,8633856,"Z00M A.SET,,2759","Z00M B.SET,,2759","Z00M USB.SET,,2759"
*RST; *OPC?
<-- 1
MMEM:CDIR "/INT/SETTINGS"
MMEM:LOAD:STAT 1,"ZOOM USB.SET" // Load settings
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RO Y USSP 264

ACQUIrEIAVERAGEICOUNTL.......ctiiiiiiiit ittt ettt ettt ettt ettt b e e nn e e b nes 275
ACQUIre:FILTErFREQUENCY.......ccuiiiiiiiiie ittt ettt et b e s e e e e e b e see e 277
ACQuire:INTerpolate....

ACQUITEIMODE ...ttt et et et e e e ae e e bt e e st e e bt e eabeeemaeeanbeeeaseaasseeanseesneeanseeanseeenseeanseaanns
ACQUIrEINSINGIEICOUNEL. ...ttt ettt et e et e st e e s be e s st e e seeeaaeeenseesnseeanseesnseenseeenseeeseeanseeanns 272
ACQUITEIPOINTSIARATE . ettt e ettt et et e e e s eee e e neeeeaanaeeeaanseeeaanneeeeanneeeeannseeeanseeeaaneen 278
F YO @ {0 N =SSR 278
ACQUITEIWRAT . ..ottt ettt et e st e e st e s steeessteeeasseeeeaseeeeanseeeeanseeeeanseeeanneeeeanseeeaanseeesnseeeannaeeennnes 276
AUTOSCAIE. ... eeeieee ettt et e e et e e ettt e e et e e e s be e e e e s seeeeasteeeeanseeeeaanseeeeenseeeeesseeeeannseeeeanseeeeannneeeannren 274
BUSICANIBITRALE. ...t ettt ettt b e bt et e bt e bt e e it e e ebe e e bt e e st e e naneebeesnnee s 388
BUSICANIDATAISOURCE. ...ttt ettt ettt ettt e b e st e e hb e e sa bt e sbe e e aae e e bt e eabeeenbeeeabeesabeeenbeesabeasneean 388
BUSICANIFCOUNE?. ...ttt ettt h ettt e bt et e e e bt e e b e ea bt e ea bt e sab e e eae e e shbeesabeeabbeannneesaneasneenn 392
BUS:CANIFRAMESNSIACKSIAIE?. ..o ettt ettt sttt e et st e et e e b e sabeesbeeebeeenbeeaneeean 394
BUS:CAN:FRAMESNSIACKVAIUB?.......oeiiiiie ettt ettt ettt et e e et e e sbeeenteeenbeesnneenneeean 394
BUS:CAN:FRAMESNZIBCOUNE?. ...ttt ettt ettt et e e st e bt e e abe e bt e e aseesmbeeaseeeaneeenbeeanneean 397
BUS:CAN:FRAMESN>BSEPOSIHION?. .......iiiiiiiiieiie ettt ettt e bt e et e e st e ebeesbeeenseesnbeenseaaas 396
BUS:CAN:FRAMESN> BY TESOZISTATE? ...ttt ettt et et ettt e et e e saee e st e e seesaseeaseeanseeenseaaseaans 397
BUS:CAN:FRAMESN>BYTESOZIVALUEB?.... .ottt ettt ettt e st e et e e eae e e eaeeeseeeeneeeeneeanneaaas 397
BUS:CANIFRAMESNZICSSTAE?. ...ttt eiie ettt ettt et e e bt esteeesae e e teeeseeanseessseessseesseeanseeenseesnseenseeean 395
BUS:CAN:FRAMESNZICSVAIUE?.......eeieiieecee ettt ettt ettt e st e et eebeesseeesaeeeseeanseeanseeeseesnseeeas 395
BUS:CAN:FRAMe<n>:DATA?......

BUS:CAN:FRAMESNZ:DLCSIAIE?...eeeiitieeeiiiee e eeiee e cee e stee e stee e ettt e e e snaee e e snsaeeesnnaeeessaeeeeasaeeeeanneneeannneeesnnen 395
BUS:CAN:FRAMESN>IDLCVAIUET?. ...ttt bbbttt ettt be e e nat e naeeebee e 395
BUS:CANIFRAMESNSIDSTAE?. ..ttt bttt bttt ettt et e bt e et e e e e e eatee e 396
BUS:CANFRAMESNZIDTYPE?....eeee et eettt ettt e ettt e ettt e e st e e e e eaat e e e s e sbeeeeasaseeesansaeaessntseaesnssaeaesassneenannnes 396
BUS:CANIFRAMESNZIDVEIUE?.......eeietieiiie ettt ettt ettt et ettt e b et esbe e e bt e sabeesbeeebeeenbeesnneean 396
BUS:CANIFRAMESNZISTARL?. ...ttt ettt ettt ettt e et e et e e sab e e sabeesbeeenbeeenbeesnbeeseeean 393
BUS:CANIFRAMESNZISTATUS?. ..ttt ettt ettt e bttt e e beeate e e bt e sabeebeeasbeeabeesmseaaseeanbeesbeeanseesnseanseaans 393
BUS:CANIFRAMESNZISTOP? ... ettt ettt ettt ettt eh e e st e e beeetee e bt e eabeaeseeeaseeenbeeeseaeaneeenbeaannaaan 393
BUS:CAN:FRAMe<n>:TYPE?...

BUS:CANISAMPIEPOINT. ......eiiiiiieitit ettt ettt et e e ste e e st e e aeesabeesseeeesseesseeaaseeeseeeseeanseeanseesnseenseeean
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BUSICANITYPE . ... oottt ettt et ettt e st e e e te e e beeese e e beessaeeaseesaseebeeesseesseesnseeesseenbeessseenseesnsennsanans 388
BUSIDSIGNAIS. ... eeeiieieiiiie ettt ettt ettt et e et e et e et e e et e e esse e se e e ebeeeteeeabeeeabeeesaeeeaseeabeeenreeenbeeereeannaean 360
BUS:DSIZe

BUSIFORMEL........iitieiieiieite ettt ettt ettt esae e s e eseeseeeae e eeeme e eeemeeseeaneenseenseeneeteentenneeneennn 360
BUS:I2C:CLOCK:SOURCE. .....eeitieiit ettt ettt ettt e e e e bt e s bt e e be e e bt e emt e e eabeesaeeenbeeenbeennbeeanneens 371
BUS:I2C:DATAISOURCE. .....cueiiuieiieiiesieesteeteesteetesstesteestesteesseaseesseeseesseaseesseaseesseassesseeseanseaseeseaseesseensennsensen 372
2] RS 21 O3 L 010 113 | SRS RPPRPR 375
BUS:I2C:FRAMESNZAACCESS?......ccuviceieiieiee it ete st esteeseesteessesseessesseesseassesssesesssesseessesseessesseesseansesssensesssenss 378
BUS:I2C:FRAMESNZIACCESS?....cveeveeiieieieiteeiteeieesteesteetesseesteebesssesseesaeassesseesbeessesssesseeaseessesssesseensesseesseensas 377
BUS:I2C:FRAMESNZACOMPIELE?......ceeeeeceecie ettt ettt ettt ste et esbeebesseesbeenaessaennesneennas 377
BUS:I2C:FRAMESNZIADBSEAI?.......coouiieieie ittt ettt et e st eeteessbeesbeesaseesseeenbeesseaenseesnseaseeans 379

BUS:I2C:FRAMESNSIADDRESS? ... .eiiitieiiie it eetie et e et etee et e eteestee e st e saseesseeeaseesaseesseeeeseeanseeaseaesseeeseeaneeean 377
BUS:I2C:FRAMESNZIADEVICE? . ....cuee et et eetie et tee et e et e e te e s tee e st eesaeeeteeaseeabeesnseeesseesnseessseeenseesnseaseeean 378
BUS:I2C:FRAMESNZIAMODE?......ccuiiitieeiee ettt ettt tee et e eate e st e e seeeabeesbaeesaesabeesseeesseesaseeasseeseeenseensneeas 377
BUS:I2C: FRAMESNZIASTAIM?....ccctieiiie ettt ettt ettt e et e e st e et e e be e e st e e ebeeeseeesseeeseeenseeesseeesesasaeeas 378
BUS:I2C:FRAMESNZIBCOUNL?. ...ttt ettt b ettt b e be e st e e st e e b e ebeeanne e 379
BUS:I2C:FRAMESNZBY TESOZIACCESS?.......eeiiitieiiteitie ettt ettt et et siee et e bt e saeeabeeenbeesabeebeeenbeesnbeaneeean 380
BUS:I2C:FRAME<SN>:BYTE<SOZIACKSEAM?....c.eeiiiieitie ittt ettt 380
BUS:I12C:FRAMEe<N>:BYTE<O>COMPIELE?.......c.eteiiiiiiiieeit ettt e 381
BUS:I2C:FRAMESN>BY TE<SOZISTARL? ... ettt ettt ettt ettt e tb e sate e s et e snbeesnbeeaneeeean 380
BUS:12C:FRAMe<n>:BYTE<o0>:VALue?

BUS:I2C: FRAMESNZIDATA? ..ottt ettt ettt et e e e e et e bt e e st e e abeeeheeeasee e beeamseeembeesneeaseeanseeenseaaneeean 375
BUS:I2C:FRAMESNZISTARL ...ttt ettt ettt e et e et e e e te e e see e beeenseeeabeesneeaseaenseeenseaaneaean 376
BUS:I2C FRAMESNZ IS TATUS?. ..ttt ettt ettt et ettt eteeeaee e st e easeeseeesseeaaeeenseeaseeenbeaaseaanseesnseanseans 376
BUS:I2C:FRAMESNZISTOP?. ...ttt ettt et e st e e st e e beesteeeaseeeabeaeseeeeseeenseesseaeaneeeseaasaeean 376
BUSILIN:BITRALE. ....c.tieitieeieieeiee ettt ettt et e st e bt e st e e e st e e ebeessseessseeabeesnseesnseeseesnseeenseenseasnneeas 402
BUSILIN:DATAISOURGCE. .....cotiietit ettt ettt ettt et e et eete e sateessseeesseesseeeseeeseeaseesnseeenseesnseenseeea 402
BUSILINIFCOUNE?. ...ttt ettt et et e et e et e e s e et e e s ateeesseeeabeesaseessseesasaesssaessseesnseesneea 406
BUS:LIN:FRAMESNZIBCOUNL?......coiiiiiitie ittt sttt sttt bttt e be e et e st e e bt e ne e et e e sane e 409
BUS:LIN:FRAMe<n>:BYTE<o0>:STATe?...

BUS:LIN:FRAMESNZ:BYTESOZIVALUE?.....cotiiiiieitte ettt sttt ettt ettt et e sae e e beeenneeenneesnnee e 409
BUS:LIN:FRAMESNZICSSTAE?. ...ttt ettt ettt ettt e bt e et esat e e eee e e sbeeenbeeanbeesnbeeaneeea 406
BUS:LIN:FRAMESNZICSVAIUB?......ceiuiieiitiiiiie ittt ettt sb et et et e bt e et e e be e e bt e ebeeaaeeenneeanneeea 406
BUS:LIN:FRAMe<n>:DATA?.....

BUS:LIN:FRAMESNZIDPVAIUE?.......cneiiitiiiiee ettt ettt et e bt e e te e e bt e e bt e eseeaneeeneeanneeea 407
BUS:LIN:FRAMESNZIDSTAIE?. ...ttt ettt et ettt eb e et e et e e bt e e te e e bt e e bt e eseeaneeeneeaneeea 407
BUS:LIN:FRAMESNZIDVAIUE?......coiiieiii ettt ettt ettt e e be e s et e e aeeeabeasaeeeeseeeabeesseaeeneeenseaannaea 407
BUSLIN:FRAMESNZISTARL ...ttt ettt ettt ettt et e e et e et e e s teeesaee e beesnseeenseesneeeseeenseesnseanseeea 407
BUSILIN:FRAMESNZISTOP?. ...ttt ettt ettt e st e st e e teesseeeeaeeeseesseeeeneeeseesssaesseeeseannneeas 408
BUSILIN:FRAMESNZISY STAE?....cc i eiie e eitie et etee ettt e e e st e e st e e sseeeteeeseeeseesseessseesnseessseesnseesnseeseeeas 408
BUS:LIN:FRAMESNZISYVAIUB?.......eeeieieie ettt ettt e st e e ste e e sneae e e st e e ssaeeesnsaeeesnseeeesnseeeensnneennes 408
BUS:LIN:FRAMESNZIVERSION?.......coitiiiiiiiiie ettt ettt ettt e et e et e e beesnteeenseesseeeseeenseesnseenseeea 409
BUS:LIN:POLarity

BUSILINISTANGAIG. ...ttt ettt ekttt b ettt e e e b e e sat e e bt e e se e e beeenbeeenbeennteennne e 402
BUSILISTISAVE ... ettt ettt et h et et bt e e he e ettt ekt e bt e bt e em bt e ea b e e eab e e eab e e sabeeesbeeenbeesnbeennneean 361
110 S I 1 I TSRO PPPRPP 360
BUSIPARGIEIVVIDTR. ...ttt ettt ettt e bt e e h et e bt e eab e e beees b e e aheeembeaaseeenbeesbeeenseesnbeaseaans 361
2] RS =@ 111 1o o TSRS PSRRI 360
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SRS = H =10 LY U
BUS:SPI:CLOCk:POLarity
BUS:SPI:CLOCk:SOURCce

BUS ISP CSIPOLAIIY. ...ttt a et e he e bt e b e e e he e e bt et e e enb e e nne e e b e e eane s
BUS:ISPICSISOURGCE. ...ttt ettt sttt bttt e bt e e bt e sbe e eab e e sa b e ekt e eh b e e bt e sat e e beeenbeeabeeenbeesateanbeaan
BUS:SPIDATAIPOLAIEY. ...t ettt ettt e b ettt e bt e e bt e s he e e ae e e s aeeebeeenbeeeabeesmbeeanbeesnseenseeean
BUS:SPLEDATAISOURCE. ...ttt ettt ettt et ekt e e et e e bt e eheeeasbe e beeamteeenbeesaeeenbeeanbeesnbeaanneeas

[0 ST o = 01 @ ¥ g LTSS SRP 366
BUS:SPLEFRAMESN>DATAIMISO?.....octieieeeieeie ettt ettt ettt ettt te et e steesbeesaessaeseensessaesbeennesneennas 367
BUS:SPLEFRAMESN>DATAIMOSI?......octieiieciieeie ettt ettt ettt et e st te et ste e beeseessaesesnsessaesseennesneennas 367
BUS:SPEFRAMESNZISTAR? ..ottt ettt ettt b ettt e b et st e bt e e eneenneeneas 366
BUS:SPI:FRAME<n>:STATus?....

BUS:SPEFRAMESNZISTOP?......e ettt ettt ettt ettt st e et e e e bt et e e meesae et ameenteenneaneesneeneenneeneas 366
BUS:SPIEFRAMESNSIWCOOUNE?......cteeiieieieiee et sieesie ettt ettt e e e e smeesteeneeeseesaeeneesneenseenseaneenneeneenneenees 367
BUS:SPI:FRAME<N>WORD<OZMISO?.....c.utiiiiitieiiieie ettt ee sttt esneeneesneesneeneeaneesneenees 369
BUS:SPIEFRAME<N>WORDSKOZIMOSI? ...ttt ettt ettt 368
BUS:SPIIFRAME<N>WORDS<OZ:STARL?.......iiieiiiieitieiesie ettt e sie s sae e seesaeesaeaneesseaneesseensesneensenneenees 368
BUS:SPIFRAME<N>WORDSOZ:STOP?......coiiiiiitieiesieeie st eeeste e s e sseesaesseessesseessesneesaeaseesesseensesseensesseenes 368
BUS:ISPIMISO:POLAIEY.....ceueiiiitieitie ettt ettt ettt he et e st e et e asb e e abeeembeeeseeenbeesbeeenbeesnneaseeans 363
BUS:ISPIMISO:SOURCE..... ettt ettt ettt et ete e e e kbt e sae e e ebe e e asb e e eae e e beeeasbeeaaeeeabeeaanseesneeaseeean 363
BUS:SPI:MOSI:POLarity

BUS:SPEMOSIESOURGCE. ... ..ottt ettt ettt ettt e sttt et et esae e teessesaeesbeeseesssesseensesseesseensesnsesseesseennesnsennas 362
BUS ISPLSSIZE. ...ttt ettt h et et e b et be e aeeebe e ra e be et e be st e ebeenteebeenteeaeenrenrs 363
21U SRS TS] o H = I T 1SS 370
2] U SRS, e H =T @ LT U PR 371
BUS:SSPIICLOCKIPOLAIY. ... eteetesieeie sttt sttt ettt et este e et sme e et ame e tesne e eeeneenneeteeneenneenes 369
BUS:SSPIICLOCK:SOURCE. .....cuutiueeiieieeeetee sttt eee st et et este et smeesaeeeeeseeaseeteameeaseeaseeneeameeaee e seaneenneenees 369
S U S SS] a H 0 TN 1N o ] = T SR 370
BUS:SSPEDATAISOURCE. ...ttt ettt b ettt e bt e bt e st e e bt e ebeeabeeesbeesateenbeeaas 370

BUS:SSPI:MISO:POLarity
BUS:SSPI:MISO:SOURce
BUS:SSPI:MOSI:POLarity
BUS:SSPI:MOSI:SOURce

BUS:SSPI:SSliZe...

BU S S T AT €.ttt ettt ettt ettt e et ettt e e be s e ae e te et e te e beese e he et e eat e te e beeReeeheenneenteeteeteenee st enneeneens
BUS ITYPE . ... oottt ettt ettt et ettt et s bt et e e st e be e st e ebe e beeae e e seenseehe e be st e beeateene e beeneeeaeenteenseteenrenis
BUSIUARTIBAUDIALE. ......c.ccouieieitieiecie ettt ettt ettt ettt esbe e e beess e seesseseeaeessesneesaesseessesseesesseensenseenns 383
BUSIUART BITIME. ...ttt ettt ettt ettt et e e bt e e te e e beeenteaenseeeabeeenseeanseeenseeanseeenseesnseessseesnseesnseaseeean 383
BUSIUART DATAIPOLAIIY. ....eeietie ettt ettt et e et e et e eate e st e e s e e saeeeseeeseeeseesnseeanseesnseenseeean 382
BUSIUARTDATAISOURCE. ....ccuiiiitiietieiiieeteeetee et e et este e st e e sateeteeasseessseeaseaeasseabeesnseeasseesnseeseeanseesnseenseeean 381
BUSIUART IPARILY. .....ttetieetie ettt ee et e et e ettt e etteeebeeesaeeasseebeessseesseebeessseeesseenseeesseessseeabeesssaessseeseesnnaean 382
BUSIUARTIPOLANY.....cuiiitieiieetie ettt ettt ettt e et eeate et et e e saaeeeseeeabeessseeesseenbeessseessseenbeessseesseeenseessneean 382
BUSIUARTIRXIFCOUNE?......ei ittt ettt h e et b ettt e et e et e e ab e e eabeesateeneeean 385
BUS:UART:RX:FRAMESNZIWCOUNE?......eiiiiieiiteieesie ettt ettt et ettt et e e e e sanennnee e 386
BUS:UART:RX:FRAME<N>WORD<OZ:STARL?.......ceiiiiiiieiieeiesee st esie st siee e aesseesteete e sneenseeneesseesseenees 386
BUS:UART:RX:FRAME<N>WORD<OZ:ISTATE?....c ettt ettt ettt et et e et sabeebeeanbeesaeesneeen 386
BUS:UART:RX:FRAME<N>:WORD<OZ:STOP?.....ciiiiiiiiie ettt ettt ettt e e ean 387
BUS:UART:RX:FRAME<N>WORDSKOZ:VALUE?......ccueeieitieitietieitieiteeitesteetesteestesseesseessesssesseansesseessessessseenss 387
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BUSIUARTIRXISOURGCE. .....c.uiiiiiiitieetieetie ettt et e site et ete et eeteesseeesaeesaseeaseessseeebeesnseeseeenbeeaseeensessnsennseenns 381
BUS:UART:SBIT

BUSIUARTISSIZE. ...ttt ettt ettt e et et e st e e et e e e s e e e e seenseese e seere e seeseenseeneenseeneenneeneennin 382
[0 IS O 7N I L 0@ T o PR 385
BUS:UART:TX:FRAMESNZIWCOUNE?......ceiitiiiiti ettt sttt ettt st ettt se e e b e st e e snbeesaneebeeean 386
BUS:UART:TX:FRAME<N>WORD<OZ:STARL?.....coiiiiiiiiiii ettt ettt st e e e 386
BUS:UART:TX:FRAMESN>WORDSKOZISTATE?. ...ttt ettt ettt ettt et e sbe e e tee bt esteesieeeeneeesneeenneeans 386

BUS:UART:TX:FRAMe<n>:WORD<0>:STOP?.. ..387
BUS:UART:TX:FRAME<N>WORD<OZ:VALUE? ...ttt e ettt e e e aneeeeas 387
BUSIUARTITXISOURGCE. ... ctiiiitie ittt ettt ettt ettt e e et e et e e bt e e st e eabeeeaeeeeseeeabeeamseeenbeesaseaseaanseeenseaaneaean 382
CALCulate:MATH<SM> ARITRMELCS. .....coiiieiiiiiieeeie ettt sttt e et sre e e seesaeeereenneeas 334
CALCuUlate:MATHSM>DATAIHEADEI?. ...ttt ettt ettt et e et e et e e eaeeeaseeeeseeesnseesnneennneas 332
CALCulate:MATH<mM>:DATAIXINCIEMENT? ..o et ee e et e e et e e e snaeeeeeneeeeennneeeenes 270
CALCulate:MATH<m>:DATA:XORIigin?.......

CALCulate:MATH<M>:DATAIYINCIEMENT?......oiiiiiie ettt e et ete e et e e et e e e e e senaeeeennseaeennneeeene 270
CALCulate:MATH<M>DATAIYORIGIN?. .....oiiiiiiiiieiit ettt ettt sb e b e saneeaaneas 270
CALCulate:MATH<M>:DATAIYRESOIULION?. ..ottt 271
CALCUIAtEIMATHSMZIDATA? . ettt ettt et e s h et e bt e s he e e bt e ea bt e beeenbeesbeeanbeesaneabeeaanean 332
CALCulate:MATH<mM>:FFT:AVERAGEICOUNL. ...ttt e
CALCulate:MATH<m>:FFT:BANDwidth[:RESolution]:ADJusted?...
CALCulate:MATH<m>:FFT:BANDwidth[:RESOIUtiON]:AUTO.......ccoiiiiiieiiie et
CALCulate:MATH<m>:FFT:BANDwidth[:RESOIUtiON]:RATIO. ......eeiiiiiiieiiie ettt
CALCulate:MATH<m>:FFT:BANDwidth[:RESoIUtion][:VALUE].......coiiiiiiieaiii et
CALCulate:MATH<M>:FFT:CFREQUENCY........coctiiiiiiii ettt
CALCulate:MATHSM> FFT:FULLSPAN.......coiiiiiiiiie ittt
CALCulate:MATH<m>:FFT:MAGNitude:SCALe....

CALCUIate:MATHSMSIFFTISPAN. ...t e e e st e e st e e e sneeeeesnnaeeeanneeeeanneeeeanneeeeanneeeenns
CALCUIAteMATHSMS I FFT:SRATE 2. .. ettt ettt e e e st e e e st e e e st e e e s teeeeasseeeesnseeeesnseeeesseeeeensnneennes 339
CALCUIate:MATHSMZIFFTISTARL. ...ttt ettt ettt sae et e eaneas
CALCUIate:MATHSMZIFFTISTOP......eiiiiiiiiie ittt rb ettt sb et et e esbeeenneas
CALCulate:MATH<M>:FFT:TIMEIPOSHION. ......oiiiiiiiiiiieie ettt ettt

CALCulate:MATH<m>:FFT:TIME:RANGe...
CALCulate:MATH<m>:FFT:WINDow:TYPE

CALCUIate:MATHSMZIPOSIHION. ..ottt ettt et et eeae e be e e bt e sabeeanbeesneeanneeanneas

CALCUIAtE:MATHSMZISCALE. ...ttt b bbbt et b et nb e e nb e enbe e e

CALCUIAtEIMATHSMS IS TATE. .ttt ettt b et b et b et ettt eae bt e b b e nne e e

CALCulate:MATH<m>[:EXPRESSION][:DEFINE].....cccoiuiiiiiiiieeiiiee ettt e e eeaee e 331
CHANRNEISKMS ARITRMETCS. ...ttt ettt ettt ettt et e bt eeaneen 277
CHANRNEISMZBANDWIGLN. ...ttt ettt et et e et e ae e e smeenneeneeenee e 280
CHANRNEISMZICOUPING. ...ttt ettt ettt sae e et e et sae e et e et e saeeeteeebeesaneeeeen 279
CHANNEI<M>:DATAIENVEIOPEIHEADEI?. ...ttt ettt be e 284
CHANNel<m>:DATA:ENVEIOPE: XINCIEMENT?. ..ottt 270
CHANNel<m>:DATAENVEIOPEIXORIGIN?.......oiiiiiitiiiiie ittt ettt sttt sbe et e e ebeesiee s 269
CHANNel<m>:DATA:ENVEIOPE:YINCIEMENT?........uviiiiiiie ettt e e e e e e e e e etae e e e ensaeaeenes 270
CHANNEI<M>:DATAIENVEIOPE:YORIGIN?.......oiitieitiiiiie ittt et sttt e st sbe et saeeebeesanes 270
CHANNel<m>:DATA:ENVEIOPE: YRESOIULION?.......ccoiiiiieeiiie ettt et a e e eaneaeenes 271
CHANRNEISKM>DATAIENVEIOPE?. ...ttt ettt e et e e e et e e e et e e e et e e e staee e eataeaeeeannaeean 284
CHANRNEISMZIDATAIHEADEI? ...ttt b et nb e a ettt ettt e e b enne e e 284
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CHANRNEISKMZIDATAIPOINES. ...c..eie et se e e sttt e e ettt e e st eeasaeeeeaaeeeeanseeeeasaeeesnseeeanneeeeanseeeansnneennes 285
CHANRNEISKM>DATAXINCIEMENT?.......eeieee ettt ee e et e e e st e e e saet e e e ssaeeeeasbeeeeaneeeeeanseeeeeansaneennen 270
CHANnRel<m>:DATA:XORigin?........

CHANRNEISKM>IDATAIYINCIEMENE? ...ttt ettt sb et e bt e s ate e s ab e e nabeesaneeanneas 270
CHANRNEISMZIDATAIY ORIGIN? ..ttt ettt et h ettt e e bt e sb e e et e e eab e e sbe e et e e eabeeabeeanbeeenbeesaneanneas 270
CHANNEISKM>DATAIYRESOIUHON?.....ciiiiie ettt b ettt e sbe et e e enbeesneeenneas 271
(O T 1= RS b B L I PSSRSO 283
CHANRNEISMZILABEL. ...ttt ettt e b et e e et e e eae e e bt e e ehe e e bt e e nbeeenbeesabeeanseeeneeaneeanneas 282
CHANNE RS L AB L S T AT €. ettt ettt ettt e bt e e et e e st e e e heeeseeeabeeeaeeeeseeeaneeenbeaanseesnseaaneaanneas 282
CHANRNEISMSIOFFSEL. ...ttt ettt ettt et e e e ae e e bt e e bt e e beeenseeenbeesnbeeanbeesneeaseeenneas 280
CHANRNEISMSIOVERIOAQ. .......cotiiiiiieieii ettt ettt et e et e e st e et e esbeesneeeseeenbeesseeanseeenbeesneeenneas 281

CHANnRel<m>:POLarity
CHANnNel<m>:POSition
CHANRNEISMZIRANGE. ... .eeiee ettt et e e st e e st e e e sste e e e s teeeeeasseeeeaasaeeeeassaeeeanseeeeanseeeaansaeeeaasseeasansnneennn
[0 N N = B g T O PSSP
CHANRNEISMZISKEWV. ...ttt bttt ea et ettt e bt e bt et e eeab e e sab e e ebb e e nae e e beeenneas
CHANNE RS IS T AT . .ttt ettt b et he et e e et e bt e e ae e e bt e ea bt et e e e nbeesaeeembeeenbeebeesanean
CHANREISKM>THRESNOIA. ...ttt et et e sae et esaneeeeas
CHANnRel<m>:THReshold:FINDIevel
CHANnRel<m>:THReshold:FINDIevel
CHANnel<m>:THReshold:FINDlevel

CURSor<m>:SPPeak
CURSor<m>:SSCReen
(18] 85 o] g 11 B N I TSRS
CURSor<m>:SWAVe
CURSor<m>:TRACKking:SCALe[:STATe]...
CURSOIr<M>: TRACKING[:STATE]. .. ettt ettt et ettt et et e e e e bt e et e e eab e e sheeaneeeenbeeaseeanneeenbeeaneeanneas
(61813 To] £ 1 by | o TS (o] o FE PPN
(61813 To] £ 1 by @24 = o T o] o T PP P RPN
(01813 To] £ 4 by 6 =0 T | o] o HE PSPPSR
CURSOIr<M>:XCOUPING. ... ettt ettt ettt ettt ettt e e eae e et e e et e e nan e e beeeeeen
CURSOIr<M=>: XDELLAIINVEISE?....c. . ettt ettt et e e sttt e e et e e e s aee e e e snseeeesnseeeesnsaeeeeseeeeennneeeens 317
CURSOr<m>:XDELLA[:VALUE]?.......coiteeiii ittt ettt ettt nbe e et anees 318
CURSOIr<mM>:XRATIO[:VALUE]?. ...ttt ettt et rae e sbe st e b et enees 319
CURSor<m>:Y1Position
CURSor<m>:Y2Position
CURSor<m>:Y3Position

(18] 85T 2 14 b 01 @ 0] o 1o e OSSPSR 316
CURSOISM>:YDELLA:SLOPE?. ...ttt ettt e et e et eea bt e e ab e e s ateeeab e e enbeesmteeanbeeenbeesnreeanneas 318
CURSOIr<M>:IYDELLA[:VALUE]?......c ettt sttt nb bbb b e b et e b b et et et et e e enean 318
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(O3S Yo R 44 b 0 ) I T H | 319
CURSOIr<M>:YRATIO[VALUE]?. ...ttt ettt ettt ettt b et et e b st e s 319
CURsor<m>:XRATio:UNIT

D] =Y €] | D S I 4 I T PP UR PSSR
DISPIay: INTEeNSity:BACKIGNL. ...ttt et e b e beeseee e 304
DISPIAY:INTENSItYIGRID.......ceiiiiiie ettt et et e b e e bt e set e e aae e e beesabeeaseeembeeasseenneeenbeeanneean 304
DISPIay: INTENSitY:WAVEIOMM. ...ttt ettt e b e e be e et e e be e e bt e e beeeaeeesbeeaneeean 304
DISPIAY:ILANGUAGE. ... ettt ettt a et ae et b e bt et h et a e bt e b e bt e b neen e e 423
DISPIAY:LANGUAGEIADD.......cotiitietiiteete ettt b e bttt e a et a et eae e et eae e b bt bt e b 423
DISPIay:LANGUAGEIREMOVE. ........eoiiiiiiiie ittt ettt ettt e e et e e s eate e e e e beeeaeaatseeeeanneeaesnseeaeannnen 423
(DT EST = Y Y @ =TSSP
DISPlay:PALette....

DISPIay:PERSISIENCEICLEGN..... ..ottt ettt ettt raneetee e 305
DISPIay:PERSIStENCE:INFINITE. .......eiiiiiitie ittt 305
DISPIaY: PERSISIENCEISTATE. ... ittt ettt ettt e et e bt st e ettt eb e e e beeebeesaneetee e 304
DISPIay:PERSISIENCEITIME ... ..ottt ettt e ettt et e e esateenee e 305
DISPIay:PERSIStENCE: TIMEIAUTO ... .eiiiiieiii ettt bttt et et e s ate e be e e naneesaeeaeeeean 305
(D] o F= Y I I TSRO UPPRPP

DISPIAY XY XS OUICE. ...ttt ettt ettt ettt e e h et et e ket e a bt e ehe e ea bt e eab e e beeea b e e eheeemteesseeenbeesaeeenseesnneateean
DISPlay:XY:Y1Source
DISPlay:XY:Y2Source

DISPIAY:XY:ZIMODE. ...ttt bttt b ettt e et et ettt ettt h bbbt
DISPIAY XY :ZSOUICE. .....eeeeiiete ettt ettt e te et e e ekttt e ettt e e e abe e e e aabeeeeanbeeeaaabeeeaanbeeeaanbeeeaanseeeeanbaeeaanseeesannen
DISPIaY:XY:ZTHRESNOIA. ...t ettt bttt et sa et e e eas
FORMEAEBORDET ...ttt ettt a et b et e b et h e e bt e b e e bt e bt e bt b e e bt e e e e bt es e e bt eneeaneenseaneeneeanis

L@ T = N I SR
HCOPY:COLOMSCHEIME. ...ttt et ettt b et e bt et e e bt e een e naneete e
HCOPY:DESTINALON. ...ttt ettt ettt et esae e et et e eb e e abeeeneenaneetee e
HCOPY:LANGUAGE. ...ttt ettt ettt ettt ekttt et e e bt e et e bt e e bt e e hb e e e bt e e bt e eab e e sabe e beeebeeeabeennne e
HCOPy:PAGE:ORlentation....

HCOPYIPAGE:SIZE........c.o oottt r e e r e enr e e n e e nne e nnas
HCOPY[IMMEGIGLE]. ...ttt etttk ettt he ettt b et e eeab e e s bt e embe e enbeesabeebeeenneeenbeeanneeas
MASK:ACTION:PRINEEVENECOUNT. ..ottt 343
MASK:ACTion:PRINt:EVENt:MODE

MASK:ACTion:SCRSaVE:EVENECOUNL........ccuiiiiiiiiiiiiee et 343
MASK:ACTion:SCRSaVE:EVENEMODE...........ooiiiiiiii ettt 342
MASK:ACTION:SOUN:EVENECOUNL. ..ottt ettt 343
MASK:ACTION:SOUN:EVENEMODE..........ooiiiiiiiiiie ittt ettt ettt eas 342
MASK:ACTION:STOP:EVENECOUNL. ..ottt ettt ettt e eee s 343
MASK:ACTION:STOP:EVENLEMODE...........oiiiiiiiieesiee sttt ettt e st et ee e e sneeeeeneeeneenneeneas 342
MASK:ACTion:WFMSaVe:EVENECOUNL..........oiiiiiieieeiesee et 343
MASK:ACTIioN:WFMSaVE:EVENEMODE...........ccooiieiieesieseese ettt e st sae e et e nneenees 342
MASK:CHCopy

IMASKICOUNL?. ...ttt et et e e e bt e h e e b e sh e e s bt e e et eer e e e e aeenreesnesaeeneeeeenis 342
IMASKILOAD. ..ottt etttk e bt b e e h e e e e Rt e e e e Rt et e e et b e e n et e ne e nns 340
MASKIRESEECOUNIET ...ttt ettt ettt ettt e e s e e bt e b e been et e e n et 342
IMASKISAVE . ...ttt b et h e h e et h et e ettt b e e b ae e h e et et ne e ns 340
IMASKISOURCE. ...ttt ettt h et a et b s b e et e bt ettt e ae et e eat et e ae e b e eaeenb et e e r e b 340
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NS S N N = TSSO RO URRUUPRRPPRPRR
MASK:TEST....

IMASKIVCOUNE?. ..ttt et h ettt et e bt e et e bt et e e e a bt e ehe e et e e eab e e sab e e beeebeeeabeesnneean 342
IMASKEXWVIDTN. ...t h et a ettt et e e bt ettt e a bt e bt e et e e e ab e e nabeeesbeennbeesabeennaeean
NS O @ 151 (o] o TP PR PSPPI
IMASKIY SCAIE. ... ettt et ettt e e a et et e bt e bt e eh bt e bt e e ab e e ebeeenb e e eae e e mbeeenbeebeeenbeeeneeenteenreeenn
NS O AT | o PRSPPI
MEASurement<m>:ALL[:STATe].

MEASUrEMENTKMSIAOFF ...ttt ettt e e ettt e e et e e e e be e e e e nbe e e e enteeesanbeeeeanteeeannreeesnnen
MEASUrEMENTSMSIADN. ...ttt e ettt e e ettt e e s st e e e eaaee e e aae e e e ebee e e aaseeeesasseeeanseeesanneeeasneeaanes
MEASUrement<mM>:ARESUIE?.......ooo ettt et e et e e et e e e e nte e e e aneeeeeanreeeannseeeennnen 320
MEASUremMENt<M>ICATEGOIY ...ttt ettt et e e et e bt et ee st e nate e s eeeesaneesaneeeneeas 325
MEASUrement<m>:DELAY:SLOPE........cceiiiiiiie ettt ettt 324
MEASurement<m>:MAIN

MEASUrement<mM>RESUILAVG? ...ttt e e e e e e ste e e st e e e sae e e ssaeeesnsseeessseeeeanseeeensseaeanes 328
MEASUrement<m>:RESUIINPEGK?..........ooiiii ettt 328
MEASUrement<m>:RESUIEIPPEGK?........cccuiiiiiiiie ettt sttt saeeeeee e 328
MEASUrement<m>:RESUIISTDDEV?.......coiiiiiiiitieaiee ettt ettt sttt et sb et e e nbeesabeesbeeanbeesateasee e 328
MEASurement<m>:RESUIIVWFMOCOUNE?........coiiiiiiiie ittt et snee e 329
MEASurement<m>:RESult[:ACTual]?...

MEASUrEmMENtSMSISOURGCE. .......uiiiiieiiiie ittt ee et et e et e et e e eaeeeete e e seeaabeeateeanbeeanbeessseeanbeesnseanseeaan
MEASUrement<m>:STATISHCSIRESEL........oooiiiee e
MEASUrement<m>:STATISHCS:VALUEIALL?.......ooi ettt e et e e s e e e enae e e e snneen 329
MEASUrement<m>:STATISHCS:VALUESNS 7. ittt e et e e et e e e et e e e e anneeaesneeeaaanneen 329
MEASUrement<m>:STATISHCSIWEIGNL.........ooiiii e e e e e nes
MEASurement<m>:STATistics[:ENABIe]..

MEASUrement<KM>[IENABIE].........ooiiiii ettt eae et ee e et et e e eane e
MMEMOTry:CATalOG:LENGEN? ...ttt et e nane e 420
LY 1= ToT A AN =1 oo ST TR PRPUPRRPRPP 419
LY 1= Y Tl A O B | {=Te1 (o] Y PSP PPR PR SUPROPRR 417
MIMEMOTYICOPY ...ttt h ekttt e bt e et e o2 bt e bt e ea bt e eab e e eab e e eab e e e mb e e nabeeebbeennbeesnbeanneeas 420
MMEMory:DATA
MMEMOry:DCATAIOGILENGLEN?......c..eeiieeee ettt ettt e et e e te e se e e enbeesaeeenee e 419
LAY =Y ol gV B L 07 N =1 Lo T PSP UPRPPPROt 418
MIMEMOTY:DELELE...... ettt et ettt e st e e s a et e e ab et e e tee e e eabb e e e saseeeeamseeeeanneeeanneeeanes 421
MMEMOTY:DRIVES?......eeeieeeee ettt ettt ettt e et et e e et e e e beeeaseeenbeesateeaseeeaseeeabeeenseeenbeesnseaannaeas 417
IMIMEMOTY:LOAD STATE. ...ttt ettt ettt et e ettt et e eeate et e e eabeeeseeenseesaseeseaesseeabeeemseaseeenbeeaseaenseesnseanseaans 422
MMEMOTY:MDIRECIOTY ...ttt ettt ettt ettt ettt e bt e st e e bt e sab e et e e esneesaneeanee e 417
MMEMOTY:IMOVE........ ittt ettt et e et e et e e st e e beesaeeeeseeeeaeeenseeenseesneeanseeenseesnseeaseaenneeenseannneea 421
MIMEMOTY:MSIS.... oottt ettt et e et e et e e et e e beesaseeaseeebeesaseeesseeseesnseensseenseesnsaensseeseennneea 417
MMEMOTYINAME ... ..ottt ettt et et et e s te e e ab e e sateeaseeeseeebeeenseeesseesaseeasseesseeseesnseeesseesnseensseea 414
MMEMOTY:RDIRECIONY ...ttt b ettt he e bt e bt e bt e e st e sateebeeenbeenateeneee e 418
MMEMOTY:STOREISTATE. ...ttt ettt h ettt sa et ettt e bt e be e e be e e bt e e bt e e beeebee e beestee e 422
PROBESMZIID:IBUILA?. ...ttt ettt et he e et e b et e bt e eab e e sae e e beeenbeesabeennneean 290
PROBE<M>:ID:PARTNUMDEI?. ...ttt ettt et rh et e bt e b e st e s sb e e sabeeshbeennneesaneaeeeean 290
PROBESM>IIDIPRDAE? ... ettt sh e e ettt e s ae e e s bt e e ake e e ehe e e beeeebseeaaeeeabeeaaneeeaneeeseeean 291
PROBE<M>IID:SRINUMDEI?. ...ttt ettt ettt e ettt e eat e e bt e e st e e bt e eteeenbeeenbeeanbeeanseesnseaaseeaan 291
PROBESM>IID:SWVVEISIONT?. ...ttt ettt ettt ettt e ettt e e sabb e e e sasb e e e sasbe e e esbe e e ssbeeeeanbeeeeaabeeeeannreeesnnnen 291
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PROBe<m>:SETUp:ATTenUatioN:MANUAL. ..........coiiiiiiiii et
PROBe<m>:SETUP:ATTENUAtIONIUNIT ..ottt ettt
PROBe<m>:SETup:ATTenuation[:AUTO]?...

PROBe<m>:SETUP:BANDWIALN?.......oiiiiiiee ettt et e e e st e e e et e e e e esnaaessnnbeaeeasnaeeeannnen 287
PROBEe<M>:SETUP:CAPACIKANCE?.......ccciiieeciiie et cee ettt et e st e e e et e e s st e e s saseeeasaseeessnseeesnsraeesnnreeesnnnen 288
PROBE<M>:SETUP:DCOFTSEL?.......eeiiiiiee ettt ettt e e e ettt e et e e e s eta e e e sasseeesaseeeesaseeeebeneeanes 288
PROBEe<M>:SETUP:IMPEUANCE?.........eeiiiiiiie ettt ettt e e et e et e e e e eata e e e eesaaeeeenreeeeannnes 288
PROBE<M>:SETUPIMODE ..ottt ettt ettt e sttt e bt e e beeshe e e eaeeeabeasaeeeaseeenbeeassaeaneeenbeaanneean 289
PROBE<M>ISETUPINAMET? ...ttt ettt et e e bt eeab e e eaeeeeteeeeaeeeabeeeseeanseeenbeasnseeanbeesnseanseaaan 289
PROBe<mM>:SETUPIOFFSWILCR.......iiiiiii ettt et e be et e eae e ebeasneeea 289
PROBESMS I SETUP TYPE?. ...ttt ettt ettt et e st e et e e sat e et e e st e e sbeeeseeesseeenseesnseeenseesnseenseaean 289
PROBe<m>:SETup:UOFFset....

REFCUVE<M>DATAIHEADEI?. ... ...ttt e et e e e st eeeaaee e e e snteeeeeasseeeeannseaesnnseeeeanneeeeannen 311
REFCUrVe<mM>:DATAIXINCIEMENT?.......eiiiiiie ettt esee et e e see e st e e e st e e stae e e ssaeeesnseeeesneeeeensseeeeseneannes 270
REFCUVE<M>DATAIXORIGINT. ...ttt ettt ettt e st esae e e sbe e et e e eabeesareeneeeean 269
REFCUrVE<M>:DATAIYINCIEMENT? ..ottt ettt ettt et sttt e saneseee e 270
REFCUNVE<M>IDATAIYORIGIN?. ... ettt ettt ettt sttt et e e bt e bt esab e e sae e e sbeeenbeeenbeesabeanneeean 270
REFCUrVe<mM>:DATAIYRESOIULION?. ...ttt sttt et saneeeee e 271
REFCUINVESMZIDATA? .. ettt ettt et e et e e h et e e s bt e eab e e eh et e em bt e ea bt e be e e seeeeaeeeabeeeanbeeaneeanneeean 311
REFCUrve<m>:HORIZONtAIPOSHION. .......couiiiiiiiie ettt e 310

REFCurve<m>:HORIizontal:SCALe

REFLEVEIRELALIVEIMIDDIE. .......coiitiiiiiiiee ittt ettt et e st e e sttt e e sate e e e snne e e e bneeeeaes
REFLEVEIIRELAIVEIMODE........cc ittt ettt ettt e et e bt e e be e e beesheeeebeeeabeeanbeenneeenbeeaneeean
REFLevel:RELative:UPPer....

RUN ettt ettt ettt oottt e ke e et e eabeeehe e e s e e e bt e e s e e em s e e embe e s e e e nee e beeenseeenbeeeneeeseeeneeenbeeanneean
RUNGCONTINOUS......cce ettt ettt ettt ettt e e et e e s bt e e e s be e e e e mbe e e e e mae e e e amne e e e e mnteeesnbeeesnteeeanreeesnnen
RUNSINGIE. .. ettt ettt ettt ettt e e ae et e e e at e e e e et bt e e eas bt e e e mae e e e amneeaeeanbeeeaasbeeeeanbeeeeannseaesnreeesannen
SEARCNICONDIION. ...ttt ettt ettt ekt eeeae e et e e e te e e st e e saeeesseeeaseeeseeenseeenbeesnseeasseesnseeaseeenneas
SEARCH:GATE:ABSOIUEISTART ...ttt ettt et e e et e et e et e e sseeenseeenseesneeanseeenseesneeenneas 346
SEARCH:GATE:ABSOIUEISTOP......ciiiiie ettt ettt e e sae e e ee e et e e steeeseeenseesseeanseeenseesnaeenneas 346
SEARCNIGATEIMODE ...ttt et ettt ettt e et e e st e e te e et e e saeeeaseeesbeessseensseenbeessssansaeenseesnneenseas 346
SEARCh:MEASUre:LEVEl:PEAKIMAGNILUGE. .......c..eiiiieiiiee ettt e et e e e eeae e e e snnneeeenes 349
SEARch:MEASure:PEAK:POLarity

SEARCH:PROTOCOICANACKEITO ...ttt ettt sttt sttt et ae e et e bt e e be e st e e beennteesnnean 399
SEARCH:PROTOCOICAN:BITSIEITON. ...ttt ettt ettt sb e sb e naeeenbeesane s 399
SEARCh:PROTOCOICAN:CONDILION......cutiiieiieiiteiieetie st ettt ettt et ettt e sttt e it e e sbeeebeeenbeesneeeanbeesaeeareeanneas 398
SEARCH:PROTOCOICAN:CRCEITON ...ttt ettt ettt et ettt e bt e et e it e e bt e et e e enbeeabeeanneeenbeesneeenneas 399
SEARCH:IPROTOCOIECANIDATA. ...ttt ettt ettt ettt h e et eete e et e e sbe e e bt e sabeebeeenbeeabeeanseeaneeanbeaaneeas 401
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SEARCh:PROTOCOI:CAN:DCONIION. .......iiitiiiiieiiiietie sttt ettt et et e e e easeessseesaneenreeenneas 401
SEARCh:PROTOCOLECANDLENGIN. ...ttt
SEARch:PROTocol:CAN:FORMerror
SEARCh:PROTOCOIECANFRAME. ...ttt ettt sttt ettt et e e e naee et e enneas
SEARCH:IPROTOCOECANFTYPE. ...ttt ettt ettt e st e e b e naeeebeeenneas
SEARCh:PROTOCOICAN:ICONItION. ...ttt ettt ettt et sbe et eesaeeenbeesnee s
SEARCh:PROTOCOICAN:IDENLIET.....couiiiiie ittt ettt et e et e e e
SEARCHhIPROTOCOIECAN:ITYPE. ...ttt ettt ettt ettt et e e st e e te e e eabe e sbeeeneeeneeanseeanneas
SEARCh:PROTOCOELIN:CHKSEITON ...ttt ettt e et et e et e e s st e e e sneeeesnneeeeanseeesnneeaanes
SEARCHh:PROTOCOILINICONDIHION. .....ceiiiiii ittt et ettt ettt e et e bt eemeeeanbeeeneeeseeenneas
SEARCH:IPROTOCOLLINIDATA. ...ttt ettt ettt e et e st e et e e s st e e beeenteeseeenseesneeenseesneeenseaaneeas
SEARch:PROTocol:LIN:DCONdition...
SEARCh:PROTOCOLLINIDLENGN. ...ttt
SEARCh:PROTOCOELINIFRAME........coiiiiiie ettt et e et e et e e et e e e s e e e snseeeesnsaeeesnseeeeensnneenne
SEARCh:PROTOCOELIN:ICONGItION. ....ccitiieiiiie ettt et e et e e e st e e e snaee e snnaeeesnseaeensneeennes
SEARCh:PROTOCOLLINIIDENTIE.......eeiiiiiieetie ettt
SEARCH:IPROTOCOLLINIIPERION. ...ttt ettt sttt e st e s b e e esnteesnneas
SEARCH:IPROTOCOLLINISYERION. ...ttt ettt ettt e bt sab e esaeeebeeaneeas
SEARCIIRCOUN?......ccee ettt a ekt e e a et e b et e e hb e e eae e e be e e eaeeebeeenbeeebeeanbeeenneas 359
SEARCH:RESDIAGram:ISHOW........coiiiiiiii ittt ettt et e e e e st e e te e e eabe e saeeabeeebeeenreeenneas 357
SEARCIIRESUIIALL? ...ttt ettt et a et ekt e e st e e sae e e et e eabeesab e e s e e enbeesneeanseeenbeesneeenneas 358

] =Y (e RS 1T I TSP OUTSRPPTOE
SEARCh:TRIGGer:DATAtOCIOCK:CEDGE.........couiiiiiiiieiitesie ettt
SEARCh:TRIGGEr:DATAtOCIOCK:CLEVEL. ..ottt
SEARch:TRIGger:DATatoclock:CLEVel:DELTa
SEARCh: TRIGGEr:DATAtOCIOCK:CSOUICTE. .....ccutiiitiiiiie ettt et
SEARCh: TRIGGEr:DATAtOCIOCKIDLEVEL. ......c..eiiiiiiiiiitieiiet ettt sttt
SEARch:TRIGger:DATatoclock:DLEVel:DELTa..
SEARCh: TRIGGErDATAtOCIOCKIHTIME. ...ttt ettt ettt
SEARCh: TRIGGErDATAtOCIOCK STIME. ... eiiiiiiiieitie ettt ettt e sb et e e i ebeesaee s
SEARCH: TRIGGEINEDGELEVEL. ...ttt ettt ettt st be et be e saeeeneeas
SEARch:TRIGger:EDGE:LEVel:DELTa
SEARCH:TRIGGEINEDGE:SLOPE.........oiiiiiiiietieteete ettt nbe e nne
SEARCh:TRIGGErLEVEl:RISEUMEILOWET........eiiiiiiiie ettt ettt a e eeneeeeaes
SEARCh:TRIGGEr:LEVEl:RISEMEIUPPET.......coo ettt a e e
SEARCh: TRIGGErLEVEIIRUNTLOWET ..ottt e
SEARCh:TRIGGErLEVEIRUNTUPPET. ...ttt
SEARCh:TRIGGErPATTErNIFUNCHION. ......oiitiiiiie it
SEARCh:TRIGGErNPATTEIMILEVEISNS ...t
SEARCh:TRIGGer:PATTern:LEVEISN>IDELTA. .....cociiiiiiiiie et
SEARch:TRIGger:PATTern:SOURce
SEARCh:TRIGGErPATTErN:WIDThIDELTA. ... ..oiiiiiiieiieeiie ettt
SEARCh:TRIGGer:PATTErN:WIDTh:RANGE........ooiiiiiiiiii ettt et b e n
SEARCcCh:TRIGGer:PATTErn:WIDTh:WIDTR]....coiiieiiieiit ettt ettt et eeeeneeas
SEARCh: TRIGGENRISEHMEIDELTA. ... .ciiiiiiiiiiie ettt b et e e e e sbeeenbeesneeenbeeaneean
SEARCh:TRIGGErRISEHMEIRANGE. ......coiiiiiiii ettt e e be e et e e e e saeaeeeeaes
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SEARCh: TRIGGENRISEHMEISLOPE. .......eiiiiiiiie ettt 350
SEARCh:TRIGGENRISEHMEITIME.......ciiiiiiiiiiit ettt ettt b et eneeas 351
SEARch:TRIGger:RUNT:DELTa

SEARCh: TRIGGENRUNTIPOLAIEY.....cctiiiiiiiiie ittt ettt e nb et eareesaee s 352
SEARCh: TRIGGENRUNTIRANGE. ... .ciiiiiiitieitit ettt sttt ettt e e et e e bt e anbeeebeesnteeanneas 352
SEARCH: TRIGGEIRUNTWIDTR. ...ttt ettt ettt ettt e st e bt e e et e e smteesneeeenbeesnreesnneas 353
SEARCH: TRIGGEINWIDTIIDELTA. ..ttt ettt ettt e e eae e et e et e eebeeenneeenneas 349
SEARCH:TRIGGENWIDTRILEVEL....cotiii ettt et et e e b et e eabeesaeeeneeas 348
SEARCh:TRIGErNWIDTHILEVEIDELTA.....cctiiiiieitie ettt ettt ettt e et eete et e e b e e sbeeenseeeneeenseeaneeas 348
SEARCh:TRIGGENWIDTRIPOLAIIY. ......eiiitieiiie ettt ettt ettt e e eaeeeeneeeenbeesnneeenneas 347
SEARCh:TRIGGENWIDTRIRANGE. ......ceiiiiiii ettt ettt et ettt e st e et e e saeeeseeebeesaseesnseesneeeseaanneas 348
SEARch:TRIGger:WIDTh:WIDTh

SINGIE... oottt ettt ettt et e et e et e e be e teeaabeeaateeaseeeeateeaheeetee e aeeeteeenneeenbeeanseeanteennreeanneenean
STATUS:OPERALION:CONDITION?......cciiiieeiiieesiie st s e st e e s e e s e e e saee e e ssnaeeesnseeeesnneeeesnneeeesnneeeesnnneeenes 426
STATUS:OPERGLONIENABIE. .....coeiiiiie ettt e ettt e e e st e e e esbeeeesnnteeeeanneeeeeanteneeansseeessnsnneennns 426
STATUS:OPERALONINTRANSIHION. ......eiiiiiiiiieiit ettt ettt 426
STATUS:OPERALONIPTRANSIION. ....cciuiiiiiii ittt e st e e sab e snneesnneas 426
STATUS:OPERGLON[EVENL ...ttt e e e e e e e e e e e e e eate e e e eaneeeesnnaeaessnneeenns 427
STATUSIPRESEL. ...ttt ettt ekt h ettt e e b e e e bt e s bb e e e bt e e bt e e bt e enb e e sabeeenbeesnneebeeenneas 428
STATUS:QUESHONADIEICONDIHION?. .....eeiitiiiiiieitie ettt ettt sttt e sbe e et e enbeesabe e st e e saeeaseeanneas 428
STATus:QUEStionable:COVerload:CONDition?..

STATus:QUEStionable:COVerload:ENABIE...........c.uii e
STATus:QUEStionable:COVerload:NTRANSIHION. .........oiiiiiiiie e
STATus:QUEStionable:COVerload:PTRANSIION. .........oouii i
STATus:QUEStionable:COVerload[:EVENL]?.......cc.oi e 429
STATUS:QUESHONADIEIENABIE..........ooiieee ettt et e et e e et e e e st e e snteeesneeeesnseeeeanneeeanes 429
STATus:QUEStIoNable:LIMit:CONDItION?........coiiiieiie ettt ettt e et eeaeesnseeenneas 428
STATuUS:QUESHONADIELIMItIENABIE............ooitieiiie ettt ettt et e et ear e e s e enaeeaaeeesaeenneas 429
STATus:QUEStIoNable:LIMitiINTRANSIHION. ..........oiiiiiiii it 429
STATus:QUEStionable:LIMit:PTRansition

STATus:QUESHON@bIE:LIMIt[:EVENL]?.......ooiiiiieie ettt e 429
STATus:QUEStIONable:MASKICONDIION?........coieiiiie ittt ettt et e b e sneeebeeeneeas 428
STATuUS:QUESHONADIEIMASKIENABIE. ...ttt ettt be et e e b e e sneeesnneas

STATus:QUEStionable:MASK:NTRansition
STATus:QUEStionable:MASK:PTRansition

STATus:QUESHIONabIE:MASKIEVENL]?......ooeie ettt et e e e e e 429
STATuUS:QUESHONADIEINTRANSIHION. ......eeiiiiiie ittt ettt e e et e e e e e e e snnneeeeae 429
STATUS:QUESHONADIEIPTREANSIION. ...ttt et e et e e s nte e e sneeeeesneeeeenneeeanes 430
STATUS:QUESHONADIE[:EVENL]? ..ottt et esete e s nseeenaeesnneeenneas 429
S 1 USROS 272
SY STIPRESEL. ... .ottt ettt et e et e e te et e e e e e ab e e ete e et e e eareete e e beeaabe e st e ebeeenteetaeebeesnneeneas 425
SYSTem:COMMunicate:PRINter:ENUMErate:FIRSE?.......ccueiieeieeeeee ettt e e 416
SYSTem:COMMunicate:PRINter:ENUMerate[:NEXT]?
SYSTem:COMMUNICate:PRINLEISELECL.........cooiiiiiiiiie e e

SY STEMIDATE. ...ttt h e bttt e ek bt e ehe e et e e a bt e eat e e be e e bt e eab e e e Rb e e eaeeebeeanbeeenbeesnneenneas
SYSTEMIERROIIALLT. ..ottt ettt h et e be e e he e e bt e e bt e e be e e be e e beeebeeenbeeanseeenbeeenreeanneas 425
SY STEMIERROIINEXT] 2. ..ttt ettt e e ettt e et e e et e e e et e e e e eaaeeeeeabaeeeebeeeeasasseeesnsseaesasnneeean 425
SYSTEMINAME . ...ttt et e et e ettt e ke e e bt e e teeea bt e eabeeahbeeeaseeabeeemseeenbeeembeeanbaesnbeeaneeenneas 424
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S S T =T 4R T RS SUSRSURR
SYSTEMITIME......ce ettt ettt e et e et e s e e s et emeesaeemeeem e e et emeenseeneeaseeneeeneeseeneeaneeneesaeenneans
TIMebase:ACQTime

TIMEDASEDIVISIONS? ...t ettt ettt ettt e e st e e et ne e e 273
TIMEDASEIPOSIION. .....eueetieieiiie e ettt ettt b e s et e e nee e e e e r e 274
TIMEDASEIRANGE. ...ttt ettt e e r e bbbt bkt n bt e et e sr e nneear e 273
TIMEDASEIRATIME?. ...ttt ettt ettt ettt b e bt bt e nbeeenenae et e nae e e 273
TIMEDASEIREFEIENCE. ..o et
TIMEDASEIROLLIENABIE. ...ttt ettt ettt b e sb et ee e
TIMEDASEISCALE.......c.ceiiieee ettt ettt e b e e s a e e bt st et e e s ab e s a e e st e et e e
TIMEDasSE:ZOOM:POSHION. .......oeitiiiiieiii ettt ettt b et e st sae e et e e e e saneesbeeeeeen
TIMebase:ZOOM:SCALe....

I LAY = o F= T B @ 1@ Y R 1N I OSSO

I LAY =Y o 2= TT= 3074 @ 1 1 R I Y SO
TRIGGENAICANIACKEITON. ...ttt ettt ettt a e e he e e sae e e bt e e bt e eab e e sat e e eeb e e naeeebeeennean
TRIGGEMAICANBITSIEITON ...ttt et h ettt b e et e bt e sabeebe e e b e e saeeennes
TRIGGEMAICANICRCEITON. ...ttt ettt ettt b et eeae e e bt e sae e e eae e e bt e ah bt e bt e eabeessbeebeeenbeesnneenneas
TRIGGEFAICANIDATA . ettt ettt e h e a et e bt e e bt e bt e e e bt e sheeemt e e ea bt e bt e ehbeeebeeeabeenbeeenbeesneeannes
TRIGGErAICANIDCONGIION. ...ttt ettt ettt e s ae e et e e bt e et e e anbeeeaeeaabeeanbeesaneeaneeenneas 391
TRIGGEFAICANIDLC ...ttt ettt h ettt e e bt e e ae e e e bt e et e e ehb e e sheeembeeembeesmseaabeeenbeesnbeesnneanneas 390
TRIGGENAICANIFORMEITON. ...ttt ettt e et e bt e bt e e ae e e beasaeeeaaee e abeeanseeanbeesaeeanbeaanseesnbeasseeenneas 392
TRIGGEFAICANIFTY Pttt bttt ettt ettt ettt e b e b e e e nb e e e e nae et s 389
TRIGGENAICANIICONIION. .....eeitiieiiteie ettt sttt sttt bt st e saesae e b sneens 390
TRIGGENAICANIDENLIEI. ...ttt et ettt et sae et etenaee e s 390
R T= AN O N I I TSRS 390
TRIGGEFAICANITYPE...... oottt ettt ettt et e e et eme e et e e aeeeeeemeeneeemeenaeemtesneeneenneeneenneeeean 389
TRIGGErAEDGEICOUPIING. ... .eiiutiitie ettt ettt sttt et e bttt e e e b e saeeeanee 294
TRIGGENHAIEDGE:FILTEINLPASS. ...ttt sb ettt nees 295
TRIGGErAEDGE:FILTENRNREJEC.......coiiiitieiiei e et 295
TRIGger:A:EDGE:SLOPe

TRIGGEFAIFINDIEVEL ...ttt b ettt e e ab e sae e et e e e nb e e sab e e abeeenbeeenbeesaneenneas
TRIGGENAHOLDO I TIME. ...ttt h et e bttt e ae e e hb e e e he e e te e e bt e eabeesmbeeanbeenaneabeeennean 294
TRIGGEN ATHY STEIESIS. ...ttt ettt ettt h ettt e bt e et e e bt e e bt e saeeembeeenb e e beeambeeeaeeenbeesbeeenbeesneeennes
TRIGger:A:12C:ACCess

TRIGEIAI2ZC:ADDRESS. .....cei ettt e et e et e e e bttt e e aab e e e e e ba e e e e aaseeeeanbeeeeannbeeeaanneeeeannreeeas 373
TRIGGENAIZCIAMODAE. ...ttt bbbt ettt b et eae ettt et e bt e bt eae e beenneenee s 373
TRIGGEFAIZCIMODE ...ttt ettt h e bttt a e bt et ea et bt e bt st sae et e eab e beenne e e s 372
TRIGGEIAIIZCIPATTEIMN ...ttt ettt e b e et e e eae e bt e sat e e bt e bt e eaeeebeeeneesaneeenen 374
TRIGGENAIZ2CIPLENGEN. ...ttt ettt et et et et et e eneeeeeneeeeeneeee s 374
TRIGGENAIIZCIPORFSEL. ...ttt b ettt b e see e et n e e saeeeeeen 375
TRIGGENAILEVEISNS[IVALUE]. ...ttt ettt ettt et e et e enees 292
TRIGGENAILINICHKSEITO ...ttt ettt ettt b et ae e et e b e b e e naeeenees 404
TRIGger:A:LIN:DATA

TRIGGENALINIDCONGIHION. ...ttt ettt ettt be et e e et e it et e enb e e nabeeebneeneeas 405
TRIGGEFAILINIDLENGIN. ...ttt ettt ettt b et e eae e et e e beeebeesneeenees 405
TRIGGENAILINIICONGIION. ...ttt ettt ettt e bt e s at e et e e eab e e beeesbeeeaeeembeeaneeenbeesneeennes 404
TRIGGENAILINIIDENLIFIEI . ...ttt b et bt e e e e bt e en b e e ene e e bt e aneeeeneeenbeeeneeeneas 404
TRIGGEIAILINIIPERION. ...ttt ettt e ettt e e e ba e e e st b e e e e sbe e e e sanbe e e e anneeeeannneeeas 404
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TRIGGENAILINISYERION ...ttt ettt et b ettt e et rae e et e e e naneenbeeenneas 404
TRIGGERAILINITYPE. ...ttt a ettt a bbbt e bt e bt e sat e et e eb e sane e e 403
TRIGger:A:MODE

TRIGGErAPATTEINICONDIION. .....ciiitieieet ettt et sab e e sbe e et e e beeabeeenneas 298
TRIGGENAIPATTEMNIFUNCHON. ...ttt sttt e b e e nbe e st e b e e b e e saeeennes 298
TRIGGENAIPATTEMNISOURGCE. ...ttt ettt ettt ettt et e e bt e e bt e s be e e st e e sabeesseeeasbeesaeeanseeanneas 298
TRIGGENAISOURCE. ...ttt ettt ettt ettt h e et e et e e bt e ebee e b e e sab e et eeenbeeabeeembeeeneeembeeaneeeseesneeannes 293
TRIGGENAISOURCEISPL.....eeiiiee ettt ettt b et ae et sae ettt ne e e s 364
TRIGGENAISOURCEIUART ...ttt ettt et e et b et nhe et sh e et et et naee e s 384
TRIGGEFAISPIIMODE........o ittt sa ettt b e bt e b e e et sae et eab e et e e b e e e e nneenee s

TRIGger:A:SPI:PATTern
TRIGger:A:SPI:PLENgth
TRIGGENAISPEPOFFSEL. ... ..ottt ettt b et e e bt e et et b e saeeennes
TRIGGEN ATV IFIELG. ..ttt a ettt b et na et et e e e e e b e naeeenees
TRIGGEFAITVILINE . ... ettt a e bttt a e s et e bt ettt e bt e st e e esb e e nat e e beeennean
TRIGGEN ATV IPOLAIEY. ... ettt ettt h e s ae ekt e bt e e bt e st e e eab e e naeeebeeenneas
TRIGGENAITVISTANGAIG. ...ttt ettt b et e hb e e s ae e e be e e be e e sbe e e beeenbeeanbeeanbeeenneas
TRIGGEFAITYPE. ..ttt ettt h ekt e bt e bt e bt e e s bt e e bt e s et e e e hb e e sabeeabe e e bt e e naeeabeeenneas
TRIGGENAIUARTIMODE ...ttt ekttt e h e et e e a bt e e sb e e ehe e e bt e e bt e eabeesmbeeanbeenneeabeeanneas
TRIGGENAIUARTIPATTEIN. ...ttt ettt h ettt h e st e e bt e e bt e s aeeembeeenseebeeasbeeabeeembeeaseeanbeesneeennes
TRIGger:A:UART:PLENgth....
TRIGGENAIUARTIPOFFSEL. ...ttt ettt ettt ettt ae e b
TRIGGENAINVIDTRIDELTA. .ttt bbbt et eae ettt eb e et e e st e e nbe e
TRIGGENAIVIDTRIPOLAIY. ...ttt ettt ettt ettt ettt et e et eaeenne e e nnesneens
TRIGGENAWIDTRIRANGE. ...ttt ettt b et sa ettt e e bt e s e ea e e et eaeesteenbeeseenneeneean
LR = A | I I T | I o PSP
TRIGGENBIDELAY.......eiiieiiitiet ettt et a e ettt e a e ettt e et st e et e et nn e aneeeeen
TRIGGENBIEDGEISLOPE. ..ottt ettt ettt et e e s enaeeenees
TRIGGENBIENABIE. ...ttt h e a e bbbt ea e e bt e e bt e bt e st e e s nb e e nateenbeeenneas
TRIGger:B:EVENt:COUNt...
TRIGGENBIFINDIEVEL ...ttt a ettt e e ab e sae e et eenb e e sab e e beeenbeenabeesaneenneas
TRIGGENBIHY STEIESIS. ...ttt ettt e bt e s he e et e e et e et e e e st e e eneeenbeesbeeebeesneeennes
TRIGGENBILEVEL. ...ttt h et e e bt e st e e ehe e e e ne e e bt e embeeenbeesnbeeaneeenneas
TRIGger:B:MODE
TRIGGENBISOURCE. ... ettt et e et e e e a bt e e ek bt e e et e e e e emee e e e easeeeebaeeaanbeeeaanneeean
TRIGGErHEXTErNICOUPHING. ...cceieteieiitie ettt et e e et e e e e bt e e e bt e e e e ae e e e e ane e e e e aneeeesanseeeaanneeeas
ST L] o YO I T PSRRI
TOTAMPICLEGN ...ttt ettt et e e bt sae e et e e et et e e b e et e e e saneeeeen
TS TAMPINEXT .ttt bttt b et et e bt s ae e et e e ea e e bt e e et e e eae e et e e nae e e reenaeeeneee
TSTAMPIPREVIOUS. ...ttt et a ettt e e et ea et eees e e bt e st e e nae e e neesaneeeeen
RS- L] 02T = [ USSP U PSP OPPTOP
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Symbols Center
SOMKEY e 115
FOPC e s 250 Center frequency
? FEMOLE ..iiiiiiiite ettt e 337
RS T e e 263 Change directory
FWAL < et 250 REMOLE ..o 417
SOMKEY e 211
A Channel
KBYS ettt e
Acquisition Label ..

limited NUMDEr ... 38 VU oo

Modes ............... 14 NAME 1ADEI ..o 34

set number of a. ... 25 Channel cursors

start and stop ....... - 38 AISPIAYING wvovvvoverveeeeceee e e 51

time ..o - 15 CLEAR ..ottt st 70
Acquisition modes ... .14 Clear status
ACQUISItION tIME ....ooiiiiiiee e 15 IO oo 264
Actions COION ottt ettt 247

Softkey .................................................................... 126 Color mode
Active probe PINEING ©evivireee ettt e 205

differential ... 18 SOTKEY .vevveecereeeeteteteecee et eeeeeeeeeee et eeen s aens 220

Micro Button . - 32 Colors, temperature .. ... 55

overview ........ - 18 COMMA ..o e 247

ProbeMeter .... .. 32 Commands

Settings .......... - 32 COION oottt 247
ADC sample rate .. 212 COMIMA ettt nens 247
ADC samples ....... 12 command line StruCtUre ............c.ccoeveeveeeecenennn, 247
Alignment common .

101 (=Y F= 1 228 double dagger .......................................................... 247
Amplitude ...... .. 83 GBIP, QAArESSEA ..e.evveeeeeeeeeeeeeeeeee e 240
Asynchronuous commands .. 249 GBIP, universal .
Attenuation, probe ............... . 32 INSErUMENt CONrON ... e 239
Automatic measurements ... - 83 OVEHAPPING .voveveveeeeeeeeeeeee e e

Remote control .........cooovoiiiiiiiie e 321 question mark ....
Aucxiliary cursors (o [0Te] = o] W 1T S

displaying SCPI COMPHANt v.eveeeveceeeeeeeeer e

Setting ........ . sequential
F Y - To [ SRR SHTUCIUTC oo

syntax elements
B WhIte SPACE ....eveiiiiii i
Command sequence
Bandwidth .......cccoooiiiiii e 30 FECOMMENAALION oo 263

instrument ... 12 TEMOLE ..eeeeveeeeceeeee et et ee et 267

probe .......... .12 Comment
Base level ... conseeeenss 83 SOTKEY .vvveveriisieietetee et et 209
BIN (oo w217 Common commands
Boolean parameters ... SYNEAX ettt et 241
Brightness CONDIION oo s 252
Burst width Constant
Bus o] (0= PP 104

DiSplay ......oooiiiiiiii 145 Controls
Buses L@VEl oo oo 39

NOGE [8DEIS w.vvvvvvvnensiissssssssnins s 146 Position / Offset (VErtical) ............cueveverererncenrenenn. 28

Position (horizontal) ..........cccooovieiiiiiieeee 23
c Scale (horizontal) e 23

P Scale (Vertical) ........ccooeviieiiriiiei e 29
Callbratlotn Copy Channel
c A'\;emo € o SOFtKEY e 125

""""""""" COUNL i e 1D, 83

Protocol settings .. e ;

: OUPHING e e 11, 29

Search settings ... e cursor . 81

Trigger settings ..o, 181 IR
Case-sensitivity

SCPI ettt e 242
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Create directory ENABIE ..o e 252
11=10010] (= T U RTPPRRT 417 Enable registers
SOFKEY e 211 FEMOLE ..iiiiiiiiiitie ettt e e e 266
Crosshairs ENVEIOPE .. e 25
AISPIAYING .eeeiiiiiiie e e 51 Eq. Set Label
CSV e s 119, 216 SOFtKEY et 105
Cursor Equation
CONFIQUIING .. e 78 €AItING e 95
. label
MEASUIEMENES ....ciiiiiiiiiiee e e eaeens 75 SOFtKEY eeiiiii i e 98, 99
measurements on FFT ... 111 Equation Label
measurement type SOFtKEY e 105
POSIIONING -..eevieieeeeeee et e Equation set
[1=]0010] (= TSP €AItING e e 96
Remote control . Equation Set
Set TO SCreen ... e label ... 105
SettoWave ... e Equation sets
softkey IMPO/EXPOIt ...t e 207
source IMPOr/EXPOIt ... 221
Track Scaling ........ccooiiiiiiiiiiae e 10AAING -.eeeiieeeeeee e 96
saving
D Equivalent-time Sampling ............ccoeveeeieeeeeiseseeeees 24
Error queues
Data2Clock recommendations ............o.cocooeveeeuereeeeeeeeeeenenens 263
-------------------------------------------------------------------- ESE (event status enable register ) .............................. 256
ESR e e
ESR (event status register) ...
Decimal Point EVENL ..o et
SOMKEY e Events
Decimation .............. . SEAMCH ..o 143
Decimation Mode . Event status enable register
DEF . TEMOLE ..o 265
Default values Event status enable register (ESE) .......occovevverreeerrenne. 256
FEMOLE L. e Event status register
Delay measurement ... TEMOLE ..ttt e
DESKEW ... s Event status register (ESR) .
Destination EXPOTHNG ©.vovvvveeeceeeeeeeeeeeeeeeeeeseee e
softkey .................................................................... 212 device setﬁngs ________________________________________________________
Device settings equation sets .
IMPOTY/EXPOI ... 207 MASKS ..ot eee e eees s ee e ene s
Device Settings ... . 214 TEFEIENCE ...t
Menu .......... 215
SAVING ..eeviieeiieeiiene 214 F
Saving and loading .. ... 214
SOftKeY ..oovvvviiiiiiiciiee . 213 Fall ime .o 83
Device-specific commands .. 24 1°) FFT
DHCP oo reeeenen 233 ACHVALING e 107
interface setting ... 226 CNEET i s 115
Differential probe ........ .. 18 configuring .........cceeeene 108, 111, 114
Digitization threshold ..... . 31 cursor measurements ..... e 75,111
Directory name deactivating ................. ... 107,117
EfiNING ..oeiiiieiiee 207 dIiSPlaYiNg ..o.eveeiiiee i 106
Display general setup ........ccoocveeeiiineens .. 107
CONFIGUIING e 50 KBY e 112
menu .............. Main Time Base ........cccecvevviiin i 66, 116
Double dagger LL01= 01U TSP RROPRPN 111

DOWN ..............

DULY CYCIE ..o e
E
Edge

SArCh ..oooiiiiii 133
Edit Constant

SOFtKEY e 104
Edit Equations

SOFtKEY e e 99
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Position .............. .. 116
Span ...... .. 115
starting ........ccceceeene 111
waveform arithmetic . . 112
Window .......ccceeeeeeeen. .. 113
Y-POSItION ....vviieeciiiec e e 116
Y-Scale ..... ... 115,116
Y-SCaliNg ...eeviiiiiiiiiiee e 114
YT-WINOW ..o e 115
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FFT off RemMOte ..o 420
SOFtKEY i 117 SOFtKEY i s 211, 212
FFT-Setup Importing 211
SOFtKEY e 114 device Settings ..o, 207
File formats equUation Sets .........eeiiiiiiii e 207
BIN Lo 217 reference .
CSV (MASKS) ..veeevieiirieiiie ettt 119 INF e e
CSV (Waveforms) ........ccooiiiiieneiii e 216 Information on instrument ..., 226
masks Intensity ... 51
MSK e SELHNGS oo e 54
TREF e s Interface MesSSages .......cccceeiiiiiiiiiiee e 239
TXT (masks) Interfaces
TXT (Waveforms) ......ccooiiiiiiiiiiieee e 217 ACHVALING ..
Waveforms ........ooiiiiiiiiee e 216 Deactivating .........cccooiiiiiiiieiii e
File name for remote control ..
defiNiNg ..oovviiieiee e 207 GPIB ..o
SOFtKEY et 209 IEEEA488 ..ot e
Filter on channel signal ............cccoiiiiiiiiiis 25 LAN .
Find level PAraMELErS ...coooiiiiiiieiieiee et e
Channel threshold ............cccocoiiiiiiii 31 SettiNg e
FORGCE ..ottt e 38 usB
Format Interrupt
SOFtKEY eeiiiee e 219, 220 Invert signal amplitude ...........cccoooiiiiiii i 30
Waveforms ........ccocceeiiiiiiii e 216 IP address
Formats
MASKS ..t 119
FrEQUENCY ... e 83
Configuration ... 162
G Protocol SEtNGS .......ooveveveeeeeeeeee oo 162
Triggering
Gain, V=] (o= | R 1 Trigger Settings ________________________________________________________ 164
Gate
SEAICH .eiiiii i K
Search .
GET ....c..e. Keys
GPIB ACQUISITION .o 23
AAArESS ..o e 233 CH N e s 27
characteristics ...... ... 232 CLEAR .. 70
interface ..........cccoceee. .o 226 Display .. .. 53
interface messages ....... rerreeennns 240 FFT ....... .o 112
remote control interface .... . 232 Force .. e ————— ... 38
Grid Mode ..... . 38
ISPlaYiNG «ooeveeiiiee e 51 NEXT .... ... 69
intensity . PREV .... e ... 69
style ......... PRINT ....... .. 213
GTL e e Run Cont ........ 38
Run Nx Single .... . 38
H (5] =5 I ... 69
[ST=1 (0] o R ... 39
Help Setup (instrument) ............. .. 223
Language ....... ceennens 227 SIGNAL OFF ......c.cocvvure. ... 28
Horizontal position ...........cccoociiiiiiiiii e 15 SIOPE e, 39
HOSt NamMe .......oooii e 237 SOUICE oo 39
Hysteresis of trigger level ... 43,44,49 4010 ]V OO 65
I L
Identification LADEI TISES .....eocveoceeieecieeeee e 146
TEMOLE ..o e 265 LAN
IEEE488 Configuration ...........ccociiiiiiiiii 233
INterface ..o 226 interface .......... ... 226, 232
F e e 240 IP AdArESS oo 237
Import/Export parameter setup .......... ceveeennn 233
Equation SEES it 221 remote control interface .. .. 232
Masks resource string ............... .. 237
References ........ccocveiiiiiiiiiiis e 221 VXI PIOtOCO! .o e, 232
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LanQUAagE ..o e 225 Meas. Type
automatic measurement (remote) .........cc...cceevnennnn. 321
cursor measurement
SOFKEY i e
Protocol settings .......cceeeiiiiiiiii e 193 Measure
Search settings .... (10010 (=TT 321
Trigger Settings .....ooooeeiiiiiii e SOFtKEY e e 92
LLO e 240 Measurement
Load ACHVALING ..o e 92
SOFtKEY e 74 activating (remote) .........cooiiiiiiiiiee e 321
Loading Measurements
Device settings .........ccooiiiiiiiiiiiie e 214 AMPIItUdE ..o 83
€qUAtion SEtS ........eiiiiiiiiie e 96 Base level ..o e 83
references ... 72 Burst width ... 75
Load Mask
SOFtKEY i 126 deactivating .....c.eeeiiiiii e
Load Settings ~ DeIAY e
SOFtKEY e 74 Duty cycle ....
LOW-PASS filter .......ccceiiiiii i e 25 Fall time ..o e
FreqQUENCY .....eoiiiiii et et
M Mean
Mean CyCle .....ooouiiiiiii et e
Main Time Base MEAN VAIUE ....e.eoceeceeceeeeeeceee e enee e
SOMKEY e 66, 116
Malfunctions
FEACHING ..veiiteeiie ettt et 263
MAFKEIS .. s 69
clear one marker .. .. 70
gotonext .......ce.... .. 69
go to previous .. 69
SBE e s 69
Masks
ACHONS ..o 126 RMS Cycle ...
COPY oot s 118 RMS VaIUE ...t e 83
creating ... - 121,125 THME ettt et
creating CSVfile ... 119 Top level
definition ............... ... 118 Trigger frequency (A- and B-trigger) ........ccc.ccceeueen... 83
export/import ..... 118 Trigger period (A- and B-trigger) ........ccccceveeveveennnne. 83
import/export ..... ... 207 V-Marker
IMPOM/EXPOIt ..., 221 VORBGE .o e
loading ........... . 123,126 MEASUrEMENL tYPES ... eeeees e eeseeeeean 83
MENU .o 124 MEMOTY USAGE ....voveceeeeeeeeeeeeeeeee e eeee e, 216
results ............ ... 118 Menu Off
save and load ... ... 118 SOMKEY vt 225
SAVING oo e 121 Menus
testing ......... . 123,124 ACGUISTHION ..o 23
testresults ... 118 AULO MEASUIE ... e 91
Masks Test Off Cursor
SOMKEY et 127 Display
MATH Setup (INStTUMENL) .....c.ovvvieeeeeeee e, 223
MENU L. e 97 Z00MY e 65
Mathematics Messages
CONFIGUIING ... 94 INStTUMENt FE@SPONSES ..o e 239
equation sets ... .. 96 VICIO DULEON ... e 18
FFT . . 111 Micro Button
menu .... s 97 SEHINGS vt 32
Math waveforms
diSPlaYing ......o.oooiiieiiii 94 MNEIMIONICS ..ot e 241
MAX .o creeeees 245 OPHONAD e e 243
Mean .......... .75 MODE
Mean Cycle .. .. 83 MSK et
Mean Value ... .. 83
Meas. Place N
SOTKEY e e 91
NAN e e 245
New Mask
SOTKEY e e 125
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NEXT ettt ettt 69 PPC e s 240
NINF e e 245 PPU ot e 240
No. of Averages Prefix

SOFtKEY i 113 SOFtKEY e 104
NTRANSIION ..ot s 252 PREV ...ttt et 69
Numeric values Print

SPECIAI e s 245 SOFtKEY e 221
NX SINGIE oo e 25 Printer

COMMUNICALION ....eiiiiiiiiiiie et e 206
(o) SEHINGS oot e 228
Printing
(@ 1-7=1 ST TP 28 SCIEENSNOLS .o 221
Operand 1 Print Key

SOMtKEY oo 103 SOMKEY .ot 213
Operand 2 PRINT key .

SOMtKEY oo 104 CONFIGUIING vt 213
Operation complete ProbeMeter ........ccoceiiiiiiiiiiee e 18, 32

FEMOE oo 265 Probes
Operator ACHVE ..o e

softkey ...................................................................... 99 adjusting __________________________________________________________________
Option identification differential ....

remote PASSIVE .....eeeeeeeeeeeeeeeeeee e ee e
Options ....... Programming eXamples ............c.cccoceieeeeeeessereenen. 430
Output buffer Protocol
Overlapping VX oot 232

Preventing ...oooocueeieeiie e e Protocols
Overlapping commands CAN Lot et 180

CAN configuration settings .........ccccoeeieverieeeeeeieen. 180
P CAN search settings ........cccoovieeiiii i,

CAN trigger settings .... .
Paper format ..o 205 DiSplay CONFIGUFALION +....vv.veeeeeeeeeeeeeeseeresseeeeseen,
Parallel bus .......... ZC. oo

configuration [2C configuration settings ... .
Parameters [2C trigger SEHNGS .....c.vveveveeeeeeeeeeee e,

block data .......c.eoeeiiiiii 247 Label list oo

boolean ... . 246 LIN -
interfaces . - 226 LIN configuration Setings ..............cceceeeeerererereeenn.

SCPI_ """"""" T e 244 LIN search settings ........cccooiiiiiiiie i

spgcnal numeric values .. reveeeee.. 245 LIN trigger settings -

SHING oo e 248 parallel bus configuration ...............cccveeeereeeeeeueenn.

text ....... rereenenes 246 SPUSSP .ooooooooooeeeeee oo oo

u.nlts ........................................................................ 245 SPI/SSPI configuration settings .. .
Passive probe SPI/SSPI trigger Settings .........ovoveveveeeeeeeeeeeeenans

attenuation ... 32 SYMBONC D oo

overview UART/RS-232 .

Settings UART configuration Settings ............cccoccoeeeueesereene.
Pattern UART trigger SEtNGS .....c.ov.evvveeereeeeeeeeeeeeeeeeeeeeens

S@AICK ..eeeiiiiiee s 140 PTRansition
Pause Pulse width

SOFtKEY e 125
Peak ........ ... 75,83 Q

S@AICK e s 135
Peak detection ... .24 QUENIES ..o e
| =Y oo IR 83 Status
Persist. Time Question mark

Softkey ...................................................................... 55 Quick measurement
Persistence ... .. 51 deactivating (remote) ...........cocooveveeoveeeeeeeeeeeenn 320

remote ..... 304 Quick measurements

Softkeys .................................................................... 55 remote control
Persistence time Quotation Mark ..........cccceveiiiieiiie e

(10010 (= U UURRTRT 305
Phase measurement ..........ccccoeiiiiiiiii e 93 R
Position

horizontal ..........ooiiiii e

Horizontal ...

softkey .

VEIICAL ..eiiiiiiiiiii et e
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Recommendations Save
remote control programming ...........ccooeeeveeeeeennnnnnnn. 262 (01T 010 RSO RRN 209
Record length ..o 12,15
REF SOFtKEY e 210
KBY ettt e 73 Save/Recall
Reference . references ... 73
AISPIAYING .eeeieiiiiiee e e 71 Saving
SOFKEY i e 73,74 datatoafile ..o
Reference Level Device settings ...
Remote control ... 325 €quUAtion SetS .........ociiiiiiiii e
Reference levels ..., 93 file name ...
Reference point ... e 15 references .... .
References Screenshots ........cocoeeiiiiiiiiii e,
IMPOM/EXPOIT ...t e Waveforms ........cooiiiiiieiie e
Import/Export .... Scale
10AAING -.eveieee e e horizontal .........cooiiii e 23
MMENU ettt ettt ettt e s eee e VertiCal ..o 29
saving .. SCPI
REQISLErS ..o PAraMELErS ...ccooiiiiiii it e 244
Remote control syntax
Automatic measurements .............cccee i, 321 version .
DASICS ..eeeeieeiiiii e e 231 SCPI compliant commands .........ccccceeeiieceriieeniiee e 239
Cursor measurements ..........cccuuveeeeeriiiiieieeeaaaeeen 312 Screen & Setup (SOftkeY) ..veeveieeiiiiiii e, 214
GPIB address Screenshots
INterfaces ......c.eeeeiii i PHNtING oo
Programming examples .........ccccccoeiiiiieiiiiiiiiieeeeeenn. 430 SAVING eeeiiiiiiiiee ettt e st a e
protocols Saving ... 219
QUICK MeasuremMents ............cccceeeeeeeiuennienneeeeeeeeeeenns 320 SOftKEY eiiiieeiii s 213, 214, 220
Reference Level ..., 325 SDC e e 240
starting
Statistical measurements ............c.cccoo i, 326
Remove directory
FEMOLE ..o e 418
SOFtKEY i 211
Remove file
FEMOLE ..o e 421
SOFtKEY e 210
Reset values
FEMOLE ..ot e 266
RESOIULION ..o 12,15
Resource string
LAN e e 237
Results
Mask teSting ........eeeiiiiii e 118
S@AINCK ..ooiiiiii e 143 Self-alignment ... 228
Rise/Fall Time Selftest
SArCH ..ot FEMOLE ..ottt e
Rise time .... .. 75, Sequential commands ....
RMS e Service request (SRQ) .....ccooeeeiiiiiiiii
RMS Cycle Service request enable
RMS Value .... . FEMOLE ..ot e 266
ROIIMOAE ..o e Service request enable register (SRE) .........ccouuveieeeenn. 255
RS232 ST e e 69
DASICS -.eeeeieiiiei e e 170 Setting commands .........ccccoiiiiiiiiiii i 239
RUN CONT .ot e 38 Settings
RUN NX SINGLE ..ottt 38 INSErUMENt ..o 215
Runt Instrument (default) ... 216
SArCh ..cooiiiiiic e 137 Set To Screen
SOFtKEY e e 81
S Setup
menu (instrument setup) ........cccoeeiiiei i 223
Sample MOde ..o 24 SETUP (fIGGET) «.veveeeeeeeeeeeeeeeseeee e
SamPle MOAES ......eeeiiiiiiiiiiie e e 14 Setup & Label ....
Sample rate ...... - 12,26 SIGNAL OFF ..ooioiieieeeeeeeeteis et
Samples ........ T N N 12 SLOPE ..ottt et
Smoothed waveform ... 25

—

User Manual 1305.0595.02 — 08

452



R&S®RTM

Index

Softkeys

TKHZ e
1MHz ...
Actions

ACtiVe (SSPI) ..o
Attenuation factor .
AUtOMALiC ..o

AUX. CUISOIS .ot e e
Backlight .
Bandwidth .........c.ccoeviiiiii e
BitS oo e

Bus Type
Bus Width .....cveiiiiice e
Change directory
Channel Cursors ..

Clear Persist. .....ccuueiiiiiiiee e 55
Clock SCL

Color mode .
Command Set (printer) .......ccooceeeiiii e 206
CommeNnt ... 209
Constant
COoNtrol BEEP ..ccoiueeieiiiiiieiiee et e 228
Copy Channel ... 125
Coupling
Coupling (CUISOT) ..ccoiiiiieieee e et et 81
Create direCtory ........coooiiiiiiiiiiiiei e 211
Cursor

Data .o e
Data SDA ... e

Date & Time ...

Decimal Point ........cccccvvviiiiiiiiieiee e
Decimation Mode .
DeCOdE ...
Default .....ooooviiiiiiiii
Defaults .
Default sett. ......oooviiii 216
DESKEW ... e
Destination
Device Information ...........cccceciviiiniieiiiiieeeeeeeeeeee 226
Device Name ...
Device Settings . .
DHCP oo
DiSPIAY .ot e
Display Mode . .
DOtS ONIY ..o e
Edit Constant
Edit Equations ...
Eq. Set Label
EQUation .......ooeiiii e
Equation Label ..
Error Beep ..oooooiiiiieeee e
EXECULE ..o e
File name ....
FIrMWare ......ccoocvviiiee s e
Format ...
Frame Table

146
Grid (iNteNSItY) .ooeeeiiiee e e 54
Grid (SYI€) .o 57

Hour
Hysteresis A/B
IEEEA488 ...t e
Import/Export . .
INtENSILIES ..eoeeeiiiee e e
Interface .......cceeveviiii e

Inverse Brightn. .
INVEIT <. e

Label List
LAN oot e

Language
Language (update) .......ccccoeriiiiiiiiii e 227
LED INteNSItY ...eeeeieieiiiiiiiiiiee e 230
Lines

Load
Load (MASKS) ...vvveeeeeiiiiiiiiee et e
Main Time Base ....
Masks Test Off ...

Meas.TYPe (CUISOI) ....ccevieieeeriiiiiit e ee e 75
Memory usage .
Menu Off ... e
MINUEE oo e

Operand 1 ..o s
Operand 2 .... .
OPEIatOr ..o e
Paper format ..........cccoiiiiiiiiii e

Parameter

Printer ...
Print Key
Probe ...
Probe Adjust
Remove directory .........ccocoeiieiiiii e 211
Remove file ... e 210
Reticle
RO .
Sample Mode ........oooiiiiiiiiiie e 24
Save
SAVE (MASKS) .eeeeiieiiiiiiieee e et 126
SCreen & SEtUP ....uuveiiiiiiiiee e e 214
Screenshot
Screenshots ... i
Secure Erase .......cccooiiiiiii
Self Alignment ... .
SettoWave ... e
Setup & Label .....c..ooviiiii
Slope
Slope (CIock SSPI) ....ooviriiiiiiieiee e 153
Sound 126, 228
Source 212
Source (SPI, SSPI) ..o e 153
SOUMCE X ottt et reeee e
Source Y1 .
SOUMCE Y2 .ottt e
SOUMCE Z ottt e
Statistic ..
£ (o] o RO
5 (o] =T [ TSRS
Stretch Y (masks)
Temperature COIOrS .......ccuviiieieiiiie e 55
Termination ... e
Test (masks) ...
Threshold ...,

Time Reference ... 225
Track Scaling
Trigger Beep

—
User Manual 1305.0595.02 — 08



R&S®RTM Index
Trigger Event ... e 56 MOAE! e e 252
Trigger Hyst. ..o 56 NTRANSIHION ... e 252
Trigger Level parts
Trigger Offset PTRANSItION ...ooiiiiiiiiiee e 252
THGGEN ON . e 49 STATUS:OPERALION ... e 257
Unit Status reporting system
Unit (Probe) ...eeeeeeiieeeie s e 32 COMMON COMMEANS ....ueiiiiieeeiiiiee e eeee e e e e eeeeas 264
UPdate ..o 226 Status reports .....ooooiiiiiie e
Update (language) .. application ... .
UPGrade ........oooiiiiiiiiiee s e ST B i e
USB e e 225 Storage
Value .... CONFIQUIING .o e 207
Visible ..o 98 AEVICE ..o 207
Wavef. Arithmetic ..., 25 AIrECIONY o 207
Waveform file name ... ... 207
Waveform (Intensity) .......cccoeveeeiiiiiiii e 54 Front USB ...t e 206
Waveform (Masks) .......cceeeeeiiiiiieei e 126 INternal ......occveeiiei e 206
Waveform Rate Rear USB . .. 206
Waveforms ... e SOFtKEY e 211
Width X (MaSKS) ..ceeeeiiiiiiiiiiiiiee e 126 Storing
Width Y (masks) ... waveforms, traces ........ccccceiviiiiiiii e 218
X-CH1 Y-CH2 Stretch Y
X-CH2 Y-CHT oo e 61 SOFtKEY et 125
XYZ Setup . Suffixes
Y_Position (Masks) .....cccoeeeiiieiiiiis e 125 SYMDOIC ID ..o e 146
Y@K ..t e 225 Syntax elements
Y-Scale SCPH e 247
Z e e
ZANEENSIEY oo e 61 T
Z SEEUP e s 61

Sounds Temperature Colors ........ccccoeveiiiieioie e 55
SEHING ovvv et e, 228 Termination
Source Test
MEASUICIMENT oo i, 92 softkey .................................................................... 124
measurement (FEMOE) ..........cccoevvveeeeeeeeerreeenenans 323 Test results
softkey . MASKS i 118
SOURGCE (HIGUET) v.vvveeeeeeeeeeeeeeeeeees e ssanan 39 Threshold
Span ProtoCoIS .....coviiiiiiiieiee e e 144
TEIMOE ©...ovoeeeeeeeeeeeee e 337 TIME o 75,225
SOMKEY vt e ee e 115 Time base ....... ... 15,66, 116
SPD ettt ettt 240 Time diagram ..o 54
SPE e s 240 Time Reference . - 225
Specia| characters Time scale .......... ... 15
SCPI Timestamps ... ... 69
SPI/SSPI Top level ... ... 83
CONFIGUIALION ... e 151 Track Scaling (cursor) . PR 81
Configuration SEHINGS ...........coveveeereveereeeeeeeeeeeereeeens 152 TRF .. 216
THGGET vt e 154 Trigger
SPI/SSPI protocols AUEO/NOMMAN ..o e 38
THGYEr SEHINGS -..oeveveeeeeeeeeeeeeee e 156 edge trigger, slope . .. 39
SPI protoco| force ....oovvvvvvennnnn. .... 38
DASICS ....veeveceeeeeeeeeeeeee e level ... ceeeeenen 39
SRE oottt e level (remote) ..o e 292
SRE (service request enable register) . MOTE ..o 38
SRQ (SErvice request) .........cooevevereeveeeceeeeeennn, offset ..... ... 66, 117
SSPI protoco| pOSitiOn - 66, 117
DASICS ..-vvoeereereesceseeee ettt 150 SEMUP oo 39
Statistical measurements SOUICE .o 39
REMOtE CONION ......oveeeeeeceeeeeeee e 326 UART ... 74
Status Trigger event
QUETIES ..o s e 261 AISPIAYING ..o
Status byte remote ......... .
FEMOLE ..ot st 264, 266 Trigger frequency (A- and B-trigger)
SAtUS FEGISLEIS .....vveeeeeeeeeeeeeeeee e 254 Trigger mode
CONDIEION ittt 252 TEMOLE .o
ENABle Trigger offset
EVENt

—

User Manual 1305.0595.02 — 08

454



R&S®RTM Index
Trigger Offset Width Y
SOFtKEY e SOFtKEY e 125
Trigger period (A- and B-trigger) ... Window
T e e SOFtKEY et 113
Window type
U FEMOLE ....oceceeeeceeeee e e 333
UART X
DASICS ..vvveeeeiiiiiee e e
Configuration XY-0IaGram ....coveiiiieiiie it 57
protocol SEHNGS ......ovvvviiiiiieiiie e 172 ACHVALE v 54
TGN et s 174 CONFIGUIING et 58
Trigger settings ... .. 175
UART/RS-232 ........... .. 170 Y
UNdersampling .....oooovcieiire e 12
Unit Y(t)-Setup
SOPKEY eveveveceveceeee e e 98, 105 SOMKEY oo 116
UNIES vt eeee e e en s e eeeseennenens 245 Y-Position
UP ettt e 245 mask (SOftkey) ... 125
Update Softkey .................................................................... 116
SOMKEY et 74 Y-Scale
Updates Softkey .................................................................... 115
FIIMWATE ..cvoce e 226 Y-Scaling
help SOFtKEY e 114
INEEITACES ..vovvvvecvcesceeceeee et 227 YT-Window
USB SOMKEY .o 115
remote control interface ...........cccocecevieiiiiiiiiininen, 232 7z
\'
Zoom
Value Main Time Base ........cccecvevviien i 66, 116
SOMKEY vt e er e L101=T 01U USRS PRPPN 65
Vertical position .. Zoom Off
Vertical Settings . softkey ...................................................................... 67
Vertical system ......... Zoom Time
VISA ADAress StrNG ......c.cvoveeveveeeeeeeeeeeeseeesees e, 237 SOMKEY oo 66
Visible Zoom Time Base
SOMKEY .ottt 98 SOTKEY e 66
softkey (remote) ..... ... 330
V-Marker ... e 75
VORAGE ... e 75
VXI ProtoCOl ...t 232
W
Wait
TEMOLE ..ot e e 267
Waveform
Arithmetic ..o,
Waveform Arithmetic ...
Waveform rate .........coooecciiiiiiiee e
Waveforms
File formats ........ccooivieiiieie e 216
Save and 10ad ........ccceiiiiiiii 216
SAVING ..veiiiieiiiee ittt e 213, 219
Saving to USB flash device ...........ccccceviviieiinninnnn. 218
SOftKEY ..oveviiiiiiiieec .. 213
SWItCh Off ..o 28
Waveform samples .........ccoccveeeiiiiiees e 12
Wfm. Arithmetic
R s 112
SOMKEY et 112
WHhite SPACE .....eeiiiiiiiiiiiee e e 247
Width
SEArCh ..o 134
Width X
SOMKEY et 126

—

User Manual 1305.0595.02 — 08

455



	Safety Instructions and General Information
	Basic Safety Instructions
	Instrucciones de seguridad elementales
	Customer Support
	Contents

	1 Preface
	1.1 Documentation Overview
	1.2 Conventions Used in the Documentation
	1.2.1 Typographical Conventions
	2 Acquisition and Waveform Setup
	2.1 Basics
	2.1.1 Vertical System
	2.1.1.1 Input coupling
	2.1.1.2 Vertical scale and position
	2.1.1.3 Bandwidth
	2.1.2 Sampling and Acquisition
	2.1.2.1 Sampling and Processing
	2.1.2.2 Acquisition Settings
	2.1.2.3 Acquisition Control
	2.1.3 Horizontal System
	2.1.3.1 Horizontal Position
	2.1.4 Probes
	2.1.4.1 Voltage Probes
	Passive voltage probes
	Active voltage probes - general
	Differential active probes
	2.2 Setting up the Waveform
	2.2.1 Setting Up the Signal Input with Autoset
	2.2.2 Adjusting the Signal Input Manually
	2.2.3 Setting the Acquisition
	2.2.4 Starting and Stopping Acquisition
	2.3 Reference for Waveform Setup
	2.3.1 HORIZONTAL Controls
	2.3.2 Acquisition Menu
	2.3.3 Vertical Settings
	2.3.3.1 VERTICAL Controls
	2.3.3.2 Channel Menu
	2.3.3.3 Probe Menu (Passive Probe)
	2.3.3.4 Probe Menu (Active Probe)
	2.3.3.5 Label Menu
	3 Triggers
	3.1 Basics of Triggering
	3.2 Setting Up the Trigger
	3.2.1 Configuring the Trigger Event
	3.2.2 Positioning the Trigger
	3.2.3 Setting Up a Trigger Sequence
	3.3 Reference for Triggers
	3.3.1 TRIGGER Controls
	3.3.2 Trigger Settings
	3.3.2.1 Trigger Menu and Trigger Source
	3.3.2.2 Edge
	3.3.2.3 Width
	3.3.2.4 Video
	3.3.2.5 Pattern
	3.3.2.6 Protocol
	3.3.2.7 B-Setup
	4 Display
	4.1 General Display Settings
	4.1.1 Configuring the Display
	4.1.1.1 Configuring the Diagram Elements
	4.1.1.2 Configuring the Waveform Display
	4.1.2 Display Menu
	4.2 XY-Diagram
	4.2.1 Configuring XY-Diagrams
	4.2.1.1 Setting Up the XY-Diagram
	4.2.1.2 Configuring the Intensity of an XY-Waveform
	4.2.2 XYZ Setup Menu
	4.3 Zoom
	4.3.1 Zoom Display
	4.3.2 Zooming for Details
	4.3.3 Zoom Menu
	4.4 Markers
	4.4.1 Using Timestamp Markers
	4.4.2 Reference for Markers
	5 Reference Waveforms
	5.1 Using References
	5.1.1 Displaying a Reference Waveform
	5.1.2 Saving and Loading References
	5.2 Reference for REF key
	6 Measurements
	6.1 Cursor Measurements
	6.1.1 Cursor Measurements Types and Results
	6.1.2 Performing Cursor Measurements
	6.1.3 Cursor Menu
	6.2 Quick Measurements
	6.3 Automatic Measurements
	6.3.1 Measurement Types and Results
	6.3.1.1 Measurement Types
	6.3.1.2 Measurement Results
	6.3.1.3 Statistics
	6.3.2 Configuring and Performing Automatic Measurements
	6.3.3 Auto Measure Menu (MEAS key)
	7 Mathematics
	7.1 Configuring and Using Math Waveforms
	7.1.1 Displaying Mathematical Waveforms
	7.1.2 Editing Equations and Equation Sets
	7.1.3 Saving and Loading Equation Sets
	7.2 Reference for Mathematics
	8 FFT
	8.1 FFT Display
	8.2 Configuring and Using FFT Calculations
	8.2.1 Setting Up the FFT Analysis
	8.2.2 Configuring the Diagrams
	8.2.3 Measuring on FFT
	8.3 Reference for FFT key
	9 Masks
	9.1 About Masks
	9.1.1 Masks
	9.1.2 Mask Testing
	9.1.3 File Formats for Masks
	9.2 Working with Masks
	9.2.1 Creating New Masks
	9.2.2 Loading Masks
	9.2.3 Performing a Mask Test
	9.3 Reference for MASKS key
	10 Search
	10.1 Search Conditions and Results
	10.1.1 Search Results
	10.2 Configuring and Performing Searches
	10.3 Reference for Search Menu
	10.3.1 Main Search Menu
	10.3.2 Edge Setup
	10.3.3 Width Setup
	10.3.4 Peak Setup
	10.3.5 Rise/Fall Time Setup
	10.3.6 Runt Setup
	10.3.7 Data2Clock Search
	10.3.7.1 Data2Clock Source Setup
	10.3.7.2 Data2Clock Setup
	10.3.8 Pattern Search
	10.3.8.1 Pattern Source Setup
	10.3.8.2 Pattern Setup
	10.3.9 Gate Menu
	10.3.10 Events Menu
	11 Protocol Analysis
	11.1 Basics of Protocol Analysis
	11.1.1 Configuring Common Protocol Settings
	11.1.2 Reference for Protocol Decoding
	11.1.3 Label List
	11.1.3.1 Content and Format of the PTT File
	11.1.3.2 Label List Menu
	11.1.4 Frame Table: Decode Results
	11.2 Parallel Bus
	11.2.1 Analyzing Parallel Buses
	11.2.2 Reference for Parallel Bus
	11.3 SPI/SSPI Bus (Option R&S RTM-K1)
	11.3.1 The SPI Protocol
	11.3.2 SPI/SSPI Bus Configuration
	11.3.2.1 Configuring SPI Buses
	11.3.2.2 SPI/SSPI Configuration Settings
	11.3.3 SPI/SSPI Trigger
	11.3.3.1 Triggering on SPI Buses
	11.3.3.2 SPI/SSPI Trigger Settings
	SPI/SSPI Trigger Source
	SPI/SSPI Trigger Setup
	11.3.4 SPI/SSPI Decode Results
	11.4 I²C (Option R&S RTM-K1)
	11.4.1 The I²C Protocol
	11.4.2 I²C Configuration
	11.4.2.1 Configuring I²C
	11.4.2.2 I²C Configuration Settings
	11.4.3 I²C Trigger
	11.4.3.1 Triggering on I²C
	11.4.3.2 I²C Trigger Settings
	11.4.4 I2C Label List
	11.4.5 I2C Decode Results
	11.5 UART/RS-232 Interface (Option R&S RTM-K2)
	11.5.1 The UART / RS232 Interface
	11.5.2 UART/RS-232 Configuration
	11.5.2.1 Configuring UART/RS-232 Interfaces
	11.5.2.2 UART Configuration Settings
	11.5.3 UART/RS-232 Trigger
	11.5.3.1 Triggering on UART/RS-232 Interfaces
	11.5.3.2 UART Trigger Settings
	UART Trigger Source
	UART Trigger Setup
	11.5.4 UART/RS-232 Decode Results
	11.6 CAN (Option R&S RTM-K3)
	11.6.1 CAN Configuration
	11.6.2 CAN Trigger Settings
	11.6.3 CAN Label List
	11.6.4 CAN Decode Results
	11.6.5 Search on Decoded CAN Data
	11.6.5.1 CAN Search Setup
	11.6.5.2 CAN Search Results
	11.7 LIN (Option R&S RTM-K3)
	11.7.1 The LIN Protocol
	11.7.2 LIN Configuration Settings
	11.7.3 LIN Trigger Settings
	11.7.4 LIN Label List
	11.7.5 LIN Decode Results
	11.7.6 Search on Decoded LIN Data
	11.7.6.1 LIN Search Setup
	11.7.6.2 LIN Search Results
	12 Data and File Management
	12.1 Printing
	12.1.1 Printing a Screenshot
	12.1.1.1 Configuring the Printer Output
	12.1.1.2 Starting the Printout
	12.1.1.3 Quick Printing with the PRINT Key
	12.1.2 Printer Settings
	12.2 Saving and Loading
	12.2.1 Storage Locations
	12.2.1.1 Configuring Storage Locations
	12.2.1.2 Importing and Exporting Data
	12.2.1.3 General Storage Settings
	Save Menu
	Load Menu
	Storage Directory Menu
	Import/Export Menu
	12.2.2 Quick Access with PRINT key
	12.2.2.1 Configuring the PRINT-Key Behavior
	12.2.2.2 PRINT-Key Settings
	12.2.3 Device Settings
	12.2.3.1 Saving and Loading Device Settings
	12.2.3.2 Device Settings Menu
	12.2.4 Waveforms
	12.2.4.1 Waveform File Formats
	TRF Format
	CSV Format
	TXT Format
	BIN Format
	12.2.4.2 Saving a Waveform to USB flash drive
	12.2.4.3 Waveform Storage Settings
	12.2.5 Screenshots
	12.2.5.1 Saving a Screenshot
	12.2.5.2 Screenshot Storage Settings
	12.2.6 References, Masks, and Equation Sets: Import/Export
	13 General Instrument Setup
	13.1 Firmware and Options
	13.1.1 Updating Firmware
	13.1.2 Activating Options
	13.2 Reference for Setup
	14 Remote Control
	14.1 Basics
	14.1.1 Remote Control Interfaces
	14.1.1.1 LAN Interface
	VXI-11 Protocol
	14.1.1.2 USB Interface
	14.1.1.3 GPIB Interface (IEC/IEEE Bus Interface)
	14.1.2 Setting Up a LAN Connection
	14.1.2.1 Connecting the Instrument to the Network
	14.1.2.2 Configuring LAN Parameters
	14.1.2.3 Connecting with the Instrument: VISA Address String
	14.1.3 Switching to Remote Control
	14.1.4 Messages and Command Structure
	14.1.4.1 Messages
	LAN Interface Messages
	GPIB Interface Messages
	Universal Commands
	Addressed Commands
	14.1.4.2 SCPI Command Structure
	Syntax for Common Commands
	Syntax for Device-Specific Commands
	SCPI Parameters
	Overview of Syntax Elements
	Structure of a command line
	Responses to Queries
	14.1.5 Command Sequence and Synchronization
	14.1.5.1 Preventing Overlapping Execution
	14.1.6 Status Reporting System
	14.1.6.1 Structure of a SCPI Status Register
	14.1.6.2 Hierarchy of status registers
	14.1.6.3 Contents of the Status Registers
	Status Byte (STB) and Service Request Enable Register (SRE)
	Event Status Register (ESR) and Event Status Enable Register (ESE)
	STATus:OPERation Register
	STATus:QUEStionable Register
	STATus:QUEStionable:COVerload register
	STATus:QUEStionable:TEMPerature register
	STATus:QUEStionable:LIMit register
	STATus:QUEStionable:MASK register
	14.1.6.4 Application of the Status Reporting System
	Service Request
	Serial Poll
	Query of an instrument status
	Decimal representation of a bit pattern
	Error Queue
	14.1.6.5 Reset Values of the Status Reporting System
	14.1.7 General Programming Recommendations
	14.2 Command Reference
	14.2.1 Conventions used in Remote Command Description
	14.2.2 Common Commands
	14.2.3 General Remote Settings and Queries
	14.2.4 Acquisition and Setup
	14.2.4.1 Starting and Stopping Acquisition
	14.2.4.2 Time Base
	14.2.4.3 Acquisition
	14.2.4.4 Vertical
	14.2.4.5 Waveform Data
	14.2.4.6 Probes
	14.2.5 Trigger
	14.2.5.1 General A Trigger Settings
	14.2.5.2 Edge Trigger
	14.2.5.3 Width Trigger
	14.2.5.4 Video/TV Trigger
	14.2.5.5 Pattern Trigger
	14.2.5.6 B-Trigger
	14.2.6 Display
	14.2.6.1 Basic Display Settings
	General Display Settings
	XYZ-Setup
	Intensities
	Waveform, Auxilary Cursors and Grid Settings
	14.2.6.2 Zoom
	14.2.6.3 Markers (Timestamps)
	14.2.7 Reference Waveforms
	14.2.8 Measurements
	14.2.8.1 Cursor Measurements
	14.2.8.2 Quick Measurements
	14.2.8.3 Automatic Measurements
	14.2.8.4 Reference Level
	14.2.8.5 Automatic Measurements - Statistic
	14.2.9 Mathematics
	14.2.10 FFT
	14.2.11 Masks
	14.2.12 Search
	14.2.12.1 General Search Configuration
	14.2.12.2 Edge Search Configuration
	14.2.12.3 Width Search Configuration
	14.2.12.4 Peak Search Configuration
	14.2.12.5 Rise/Fall Time Search Configuration
	14.2.12.6 Runt Search Configuration
	14.2.12.7 Data2Clock Search Configuration
	14.2.12.8 Pattern Search Configuration
	14.2.12.9 Search Results
	14.2.13 Protocol Analysis
	14.2.13.1 General
	14.2.13.2 Parallel Bus
	14.2.13.3 SPI
	SPI - Configuration
	SPI - Trigger
	SPI - Decode Results
	14.2.13.4 SSPI
	14.2.13.5 I²C
	I²C - Configuration
	I²C - Trigger
	I²C - Decode Results
	14.2.13.6 UART
	UART - Configuration
	UART - Trigger
	UART - Decode Results
	14.2.13.7 CAN
	CAN - Configuration
	CAN - Trigger
	CAN - Decode Results
	CAN - Search
	14.2.13.8 LIN
	LIN - Configuration
	LIN - Trigger
	LIN - Decode Results
	LIN - Search
	14.2.14 Data and File Management
	14.2.14.1 Screenshots
	14.2.14.2 Saving and Loading Data: MMEMory Commands
	14.2.15 General Instrument Setup
	14.2.16 Status Reporting
	14.2.16.1 STATus:OPERation Register
	14.2.16.2 STATus:QUEStionable Registers
	14.3 Programming Examples
	14.3.1 Data Export
	14.3.1.1 Reading Waveform Data from Memory
	14.3.1.2 Reading Waveform Data in Unsigned Integer Format
	Data conversion
	14.3.2 Search
	14.3.2.1 Searching for a Pulse of Specified Width
	14.3.3 Data and File Management
	14.3.3.1 Saving Screenshots to File
	14.3.3.2 Saving, Copying, and Loading Setup Data
	 List of Commands
	 Index

