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1 Preface

1.1 Safety Information

The R&S RTB2000 digital oscilloscope is designed for measurements on circuits that
are only indirectly connected to the mains or not connected at all. It is not rated for any
measurement category.

The instrument is rated for pollution degree 2 - for indoor, dry location use where only
non-conductive pollution occurs. Temporary conductivity caused by condensation is
possible.

The instrument is intended for use in industrial areas. When used in residential areas,
radio disturbances caused by the instrument can exceed given limits. Additional shield-
ing can be required.

The instrument must be controlled by personnel familiar with the potential risks of mea-
suring electrical quantities. Observe applicable local or national safety regulations and
rules for the prevention of accidents.

Safety information is part of the product documentation. It warns you about the poten-
tial dangers and gives instructions how to prevent personal injury or damage caused
by dangerous situations. Safety information is provided as follows:

® The "Basic Safety Instructions" in different languages are delivered as a printed
brochure with the instrument.

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

A WARNING

Risk of injury

Use the instrument in an appropriate manner to prevent electric shock, personal injury,
or fire:

® Do not open the instrument casing.

® Do not use the instrument if you detect or suspect any damage of the instrument or
accessories.

® Do not operate the instrument in wet, damp or explosive atmospheres.
® Make sure that the instrument is properly grounded.
® Do not use the instrument to ascertain volt-free state.

® Do not exceed the voltage limits given in Chapter 2.2.1.1, "Input Connectors",
on page 21.
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Risk of instrument damage due to inappropriate operating conditions

An unsuitable operating site or test setup can damage the instrument and connected
devices. Before switching on the instrument, observe the information on appropriate
operating conditions provided in the data sheet. In particular, ensure the following:

® All fan openings are unobstructed and the airflow perforations are unimpeded. A
minimum distance of 10 cm to other objects is recommended.

® The instrument is dry and shows no sign of condensation.

® The instrument is positioned as described in the following sections.

® The ambient temperature does not exceed the range specified in the data sheet.
® Signal levels at the input connectors are all within the specified ranges.

® Signal outputs are connected correctly and are not overloaded.

1.2 Documentation Overview

This section provides an overview of the R&S RTB2000 user documentation.

1.2.1 Manuals and Instrument Help

You find the manuals on the product page at:

www.rohde-schwarz.com/manual/rtb2000

Getting started manual

Introduces the R&S RTB2000 and describes how to set up the product. A printed Eng-
lish version is included in the delivery.

User manual

Contains the description of all instrument modes and functions. It also provides an
introduction to remote control, a complete description of the remote control commands
with programming examples, and information on maintenance and instrument interfa-
ces. Includes the contents of the getting started manual.

The online version of the user manual provides the complete contents for immediate
display on the internet.

Instrument help

The help offers quick, context-sensitive access to the functional description directly on
the instrument.
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Basic safety instructions

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

Instrument security procedures manual

Deals with security issues when working with the R&S RTB2000 in secure areas.

Service manual

Describes the performance test for checking the rated specifications, module replace-
ment and repair, firmware update, troubleshooting and fault elimination, and contains
mechanical drawings and spare part lists. The service manual is available for regis-
tered users on the global Rohde & Schwarz information system (GLORIS, https://
gloris.rohde-schwarz.com).

1.2.2 Data Sheet and Brochure
The data sheet contains the technical specifications of the R&S RTB2000. It also lists

the options with their order numbers and optional accessories. The brochure provides
an overview of the instrument and deals with the specific characteristics.

See www.rohde-schwarz.com/brochure-datasheet/rtb2000

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

1.2.4 Release Notes and Open Source Acknowledgment
The release notes list new features, improvements and known issues of the current

firmware version, and describe the firmware installation. The open source acknowledg-
ment document provides verbatim license texts of the used open source software.

See www.rohde-schwarz.com/firmware/rtb2000. The open source acknowledgment
documant can also be read directly on the instrument.

1.3 Conventions Used in the Documentation

1.3.1 Typographical Conventions

The following text markers are used throughout this documentation:
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Convention Description
"Graphical user interface ele- All names of graphical user interface elements on the screen, such as
ments" dialog boxes, menus, options, buttons, and softkeys are enclosed by

quotation marks.

[Keys] Key and knob names are enclosed by square brackets.

Filenames, commands, Filenames, commands, coding samples and screen output are distin-

program code 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 quota-
tion marks.

1.3.2 Conventions for Procedure Descriptions

When operating the instrument, several alternative methods may be available to per-
form the same task. In this case, the procedure using the touchscreen is described.
Any elements that can be activated by touching can also be clicked using an addition-
ally connected mouse. The alternative procedure using the keys on the instrument or
the on-screen keyboard is only described if it deviates from the standard operating pro-
cedures.

The term "select" may refer to any of the described methods, i.e. using a finger on the
touchscreen, a mouse pointer in the display, or a key on the instrument or on a key-
board.

1.3.3 Notes on Screenshots

When describing the functions of the product, we use sample screenshots. These
screenshots are meant to illustrate as many as possible of the provided functions and
possible interdependencies between parameters. The shown values may not represent
realistic usage scenarios.

The screenshots usually show a fully equipped product, that is: with all options instal-
led. Thus, some functions shown in the screenshots may not be available in your par-
ticular product configuration.
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2 Getting Started

2.1 Preparing for Use

2.1.1 Unpacking and Checking the Instrument

1. Inspect the package for damage.
If the packaging material shows any signs of stress, notify the carrier who delivered
the instrument.

2. Carefully unpack the instrument and the accessories.

3. Check the equipment for completeness. See section "Delivery contents"
on page 17.

4. Check the equipment for damage.
If there is damage, or anything is missing, immediately contact the carrier as well
as your distributor. Make sure not to discard the box and packing material.

Packing material

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

Delivery contents

The delivery package contains the following items:

e R&S RTB2000 digital oscilloscope

® R&S RT-ZP03 probes (2x for R&S RTB2002; 4x for R&S RTB2004)
® Country-specific power cable

® Printed "Getting Started" manual

® Printed "Basic Safety Instructions" brochure

2.1.2 Positioning the Instrument

The instrument is designed for use under laboratory conditions. It can be used in
standalone operation on a bench top or can be installed in a rack.

For standalone operation, place the instrument on a horizontal bench with even, flat
surface. The instrument can be used in horizontal position, or with the support feet on
the bottom extended.
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The instrument can be installed in a 19" rack mount using a rack mount kit. The order
number of the rack mount kit is given in the data sheet. The installation instructions are
part of the rack mount kit.

A CAUTION

Risk of injury if feet are folded out

The feet can fold in if they are not folded out completely or if the instrument is shifted.

This can cause damage or injury.

® Fold the feet completely in or out to ensure stability of the instrument. Never shift
the instrument when the feet are folded out.

® When the feet are folded out, do not work under the instrument or place anything
underneath.

® The feet can break if they are overloaded. The overall load on the folded-out feet
must not exceed 200 N.

AN

—

Risk of instrument damage due to overheating

An insufficient airflow can cause the R&S RTB2000 to overheat, which can impair the
measurement results, disturb the operation, and even cause damage.

® Ensure that all fan openings are unobstructed and that the airflow perforations are
unimpeded. The minimum distance to a wall is 10 cm.

® When placing several instruments side by side, keep a minimum distance of 20 cm
between the instruments. Ensure that the instruments do not draw in the preheated
air from their neighbors.

® When mounting the instrument in a rack, observe the instructions of the rack man-
ufacturer to ensure sufficient airflow and avoid overheating.

2.1.3 Starting the Instrument

2.1.3.1 Powering On

The R&S RTB2000 can be used with different AC power voltages and adapts itself
automatically to it.
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The nominal ranges are:

® 100V to 240V AC at 50 Hz to 60 Hz
® 095At005A

® max. 60 W

A CAUTION

Risk of injury
Connect the instrument only to an outlet that has a ground contact.
Do not use an isolating transformer to connect the instrument to the AC power supply.

1. Connect the power cable to the AC power connector on the rear panel of the
R&S RTB2000.

2. Connect the power cable to the socket outlet.

3. Switch the main power switch at the rear of the instrument to position 1.

The [Standby] key lights up. The key is located in the bottom left corner of the front
panel.

You can leave the main power switch on to preserve your last instrument settings. To
disconnect from power supply, power off the instrument.

2.1.3.2 Starting Up and Shutting Down

To start up the instrument

1. Make sure that the R&S RTB2000 is connected to the AC power supply and the
main power switch on the rear panel is in position .

2. Press the [Standby] key. The key is located in the bottom left corner of the front
panel.

The instrument performs a system check and starts the firmware. If the previous
session was terminated regularly, the oscilloscope uses the last settings.

Table 2-1: Colors of the [Standby] key

Green Instrument is on: firmware is working

Yellow Standby: instrument is off, main power switch is on

Warm-up and prepare the instrument

Make sure that the instrument has been running and warming up before you start the
self-alignment and the measurements. The minimum warm-up time is about 20 min.
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To shut down the instrument to standby state

> Press the [Standby] key.

All current settings are saved, and the software shuts down. Now it is safe to power
off the instrument.

2.1.3.3 Powering Off

Powering off is required only if the instrument must be disconnected from all power
supplies.

1. If the instrument is running, press the [Standby] key on the front panel to shut down
the instrument.
2. Switch the main power switch at the rear of the instrument to position 0.

3. Disconnect the AC power cable from the AC power supply.

Risk of losing data

If you switch off the running instrument using the rear panel switch or by disconnecting
the power cord, the instrument loses its current settings. Furthermore, program data
can be lost.

Press the Standby key first to shut down the application properly.

2.1.3.4 EMI Suppression

Electromagnetic interference (EMI) may affect the measurement results.

To suppress generated electromagnetic interference (EMI):

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

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

2.2 Instrument Tour

2.2.1 Front Panel

Figure 2-1 shows the front panel of the R&S RTB2000. The function keys are grouped
in functional blocks to the right of the display.
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Figure 2-1: Front panel of R&S RTB2004 with 4 input channels

1 = Display

2 = Horizontal and vertical setup controls

3 = Trigger settings, action and analysis controls

4 = Analog input channels (2 channels at R&S RTB2002, 4 channels at R&S RTB2004)
5 = External trigger input

6 = Logic probe connectors (option R&S RTB-B1)

7 = Connectors for probe compensation and optional pattern generator (R&S RTB-B6)
8 = USB connector

9 = Aux Out connector

10 = [Standby] key

2211 Input Connectors
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BNC inputs (4 and 5)

The R&S RTB2000 has two or four channel inputs (4) to connect the input signals. The
external trigger input (5) is used to control the measurement by an external signal. The
trigger level can be set from -5V to 5 V.

The input impedance of all BNC inputs is 1 MQ.

A WARNING

Risk of electrical shock - maximum input voltages

The maximum input voltage on channel inputs must not exceed 400 V (peak) and
300 V (RMS).

For the external trigger input, the maximum input voltage is 400 V (peak) and

300 V (RMS).

Transient overvoltages must not exceed 400 V (peak).

Voltages higher than 30 V (RMS) or 42 V (peak) or 60 V DC are regarded as hazard-

ous contact voltages. When working with hazardous contact voltages, use appropriate
protective measures to preclude direct contact with the measurement setup:

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

A CAUTION

Risk of injury and instrument damage

The instrument is not rated for any measurement category. When measuring in circuits
with transient overvoltages of category I, Il or IV circuits, make sure that no such
overvoltages reach the R&S RTB2000 input. Therefore, use only probes that comply
with DIN EN 61010-031. When measuring in category Il, lll or IV circuits, always insert
a probe that appropriately reduces the voltage so that no transient overvoltages higher
than 400 V (peak) are applied to the instrument. For detailed information, refer to the
documentation and safety information of the probe manufacturer.

Explanation: According to section AA.2.4 of EN 61010-2-030, measuring circuits with-
out any measurement category are intended for measurements on circuits which are
not directly connected to the mains.

Logic probe (6)

The connectors for logic channels can be used if the Mixed Signal Option R&S RTB-B1
is installed. The option provides connectors for two logical probes with 8 digital chan-
nels each (DO to D7 and D8 to D15).

The maximum input voltage is 40 V (peak) at 100 kQ input impedance. The maximum
input frequency for a signal with the minimum input voltage swing and medium hystere-
sis of 800 mV (Vpp) is 300 MHz.
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2.2.1.2 Other Connectors on the Front Panel

[Pattern Generator] (7)
Connectors for the pattern generator PO, P1, P2, P3.

The "Demo 1" signal is intended for demonstration purposes.

[Probe Comp.] (7)
Probe compensation terminal to support adjustment of passive probes to the oscillo-
scope channel.

L Square wave signal for probe compensation.
L Ground connector for probes.
[USB] type A (8)

USB 2.0 type A interface to connect a mouse or a keyboard, or a USB flash drive for
storing and reloading instrument settings and measurement data, and to update the

firmware.

[Aux Out] (9)

Multi-purpose BNC output that can function as pass/fail and trigger output, output of

10 MHz reference frequency, and as waveform generator (with option R&S RTB-B6).

2.2.2 Rear Panel

Figure 2-2 shows the rear panel of the R&S RTB2000 with its connectors.
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Figure 2-2: Rear panel view of R&S RTB2000

1 = LAN connector

2 = USB connector, type B

3 = AC power supply connector and main power switch

4 = Kensington lock slot to secure the instrument against theft
5 = Loop for lock to secure the instrument against theft

6 = not used

[LAN] (1)
8-pin connector RJ-45 used to connect the instrument to a Local Area Network (LAN).
It supports up to 1 Gbit/s.

[USB] type B (2)
USB 2.0 interface of type B (device USB) for remote control of the instrument.

Note: Electromagnetic interference (EMI) can affect the measurement results. To avoid
any impact, use only USB connecting cables with a maximum length of 1 m.

AC supply: mains connector and main power switch (3)

The instrument supports a wide range power supply. It automatically adjusts to the cor-
rect range for the applied voltage. There is no line voltage selector.

The AC main power switch disconnects the instrument from the AC power line.
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3 Operating Basics

3.1 Display Overview

The touchscreen display of the instrument shows the waveforms and measurement
results, and also information and everything that you need to control the instrument.

Figure 3-1: Display of the R&S RTB2000 with 4 channels

= Toolbar

= Trigger source, main trigger parameter (here: slope for edge trigger), trigger level

= Trigger mode and sample rate

= Horizontal scale (time scale) and horizontal position

= Acquisition status and acquisition mode

= Date, time, education mode if active (here: off), LAN connection status (green = connected, grey = not

connected, yellow = connecting)

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

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

= Channel markers indicate the ground levels; channel C2S is selected, i.e. it has the focus

10 = Measurement results (here: automatic measurements on the left, cursor measurements on the right)

11 = Vertical settings of active analog channels: vertical scale, bandwidth limitation (no indicator = full band-
width, By,= limited frequency), coupling (AC, DC, ground), probe attenuation. Channel 2 is selected.

12 = Waveform generator settings (requires option R&S RTB-B6)

13 = Menu button

o O WN -

© 00 N
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3.2 Selecting the Application
The "Apps Selection" dialog provides fast access to all available applications.

» There are several ways to open the "Apps Selection" dialog:

e Press the & [Apps Selection] key.
e Tap the "Menu" rhomb icon in the lower right corner of the screen.

— Scroll down.
— Select "Apps".

3.3 Using the Touchscreen

3.3.1 Accessing Functionality Using the Main Menu

Using the touchscreen of the R&S RTB2000 is as easy as using your mobile phone. To
open the main menu, tap the "Menu" button - that is the R&S logo in the right bottom
corner of the display.
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Figure 3-2: Open the main menu and select a menu item
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Figure 3-3: Switch on or off (left) and select a parameter value (right)

» To close the menu:
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Tap "Back", or tap into the diagram outside the menu.

3.3.2 Accessing Functionality Using Shortcuts

The labels in information bar at the top of the display, the channel labels and also the
results at the bottom provide shortcuts to the most important settings. If you tap a label,
a short menu opens, the keypad for numerical entry, the setting toggles, or the corre-
sponding menu opens. The response depends on the selected parameter.

Figure 3-4: Short menus for channel (left) and trigger slope (right)

From the short menu, you can also open the corresponding comprehensive menu.
You can also switch off the channels.

3.3.3 Entering Data

To enter exact numerical values, the instrument provides an on-screen keypad. For
text input, the on-screen keyboard works in the same way.
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3.34

Operating Basics

Trigger Level

Min: -126 mV Max: 374 mV
9 rt\ Enter

Trigger Level
J &

Push to select

—40 p=

Figure 3-5: Enter numerical value and unit

Using Gestures

Drag one finger

Drag horizontally in the diagram to change the horizontal position of all waveforms. In
frequency domain, the center frequency is changed.

Drag vertically in the diagram to change the vertical position of the selected waveform.

To adjust the vertical position of each waveform, the trigger level, and the trigger posi-
tion, drag the corresponding marker on the display.

To drag a cursor line, tap the line and drag it to the required position.
Swipe one finger

Swipe in the menu to scroll it.

Spread and pinch two fingers

Spread or pinch two fingers in vertical direction to change the vertical scale of the
selected waveform.
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Spread or pinch two fingers in horizontal direction to change the horizontal scale of all
waveforms. In frequency domain, the frequency span is changed.
Swipe two fingers

If the history option R&S RTB-K15 is installed, swipe two fingers in the diagram to
scrolls through the history segments.

3.4 Front Panel Keys

For an overview of the front panel keys, see figure 2-1 on page 21.

The keys and knobs at the front panel are grouped in functional blocks:

® Horizontal section: see Chapter 4.4.1, "HORIZONTAL Controls", on page 49.
® \lertical section: see Chapter 4.3.1, "VERTICAL Controls", on page 39.

® Trigger section: see Chapter 5.1, "Trigger Controls", on page 58

® Action section, see Chapter 3.4.1, "Action Controls", on page 30.

® Analysis section, see Chapter 3.4.2, "Analysis Controls", on page 31.

3.4.1 Action Controls

The Action keys set the instrument to a defined state, and provide save and load func-
tions.

[Camera]
Saves screenshots, waveforms and/or settings according to the configuration in [Save
Load] > "onetouch".

[Save Load]

Opens the "File" menu, where you can:

® Save instrument settings, waveforms, reference waveforms, and screenshots
Restore (load) data which were saved before

Import and export settings and reference waveforms

Configure the screenshot output

Configure the behavior of the [Camera] key

[Touch Lock]

Locks the touchscreen to prevent unintended use. When the touchscreen is off, the

key is illuminated. Press again to unlock the touchscreen.
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[Clear Screen]
Deletes all waveforms, annotations and the measurement results of deleted wave-
forms. All settings remain unchanged.

Remote command:
DISPlay:CLEar[:SCReen] on page 422

3.4.2 Analysis Controls

The controls in the [Analysis] functional block open various menus for signal analysis.

[Navigation]

The function of this universal rotary knob depends on the usage context:

® |f selection menu is open: turn the knob to select a value.

® |f a numerical value is selected in the menu, and the keypad is closed: turn the
knob to set a value.

® |f the cursors are selected, press the key to select a cursor line. Turn the knob to
change the position of the selected cursor line.

® |f an on-screen keypad or on-screen keyboard is open: turn the knob until the
required character is highlighted, then press the knob to apply the selection.

e Otherwise: turn the knob to set the waveform intensity, or press the knob to set the
intensity to 50%.

[Cursor]

Enables the cursor with the last configured cursor setup. The second keypress opens
the "Cursor" menu. If the menu is open, pressing the key turns off the cursor and
closes the menu.

[Meas]
Opens the "Measure" menu, where you can configure up to 4 parallel measurements.
Available measurement types depend on the type of the selected waveform.

[Intensity]

Opens the "Intensities" menu to adjust the luminosity of display elements and the per-
sistence.

[QuickMeas]

Displays the results of basic automatic measurements for the selected channel below
the grid and directly on the waveform.
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Press the key to stop quick measurements.

Note: Channels other than the selected one are switched off in quick measurement
mode. When you activate quick measurements, cursor measurements are automati-
cally deactivated. Deactivate quick measurements before selecting the cursors.

[Search]

Enables the search with the last configured setup. The second keypress opens the
"Search" menu, where you can perform a search for various events in an acquisition -
for example, peaks or specific width conditions - and analyze the search results.

[FFT]
Activates the spectrum analysis functions with the last configured setup. The second
keypress opens the "FFT" menu.

To deactivate spectrum analysis, press the [FFT] key until the time domain waveform is
displayed.

[Protocol]

Opens the "Bus" menu, which contains the configuration of serial and parallel buses
and the settings for decoding the signals. Key function requires at least the MSO
option R&S RTB-B1 or one of the serial protocol options. See data sheet for available
options.

[Gen]
Opens the "Function Generator" menu, where you can create various waveforms. Key
function requires option R&S RTB-B6.

[Apps Selection]
Opens the "Apps Selection" dialog where you can select the required application or
protocol for your task, for example, mask testing or CAN protocol.

3.5 Using the Toolbar

The toolbar at the top of the display provides direct access to important control and
measurement functions. The selected function is highlighted. By default, the toolbar
shows the most frequently used functions. You can configure the content of the toolbar
so that only the required functions are displayed..

Some of the toolbar functions are one-click actions. These actions are performed
immediately when you tap the icon. Other toolbar functions are interactive actions.
When you tap an interactive action, a message informs you what to do next.

Configuring the Toolbar

1. Tap the "Toolbar Setup" icon.

N /2@ Y B w 2 T

Undo Redo Delete M Single Meter FFT Annotation Demo
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2. Disable the functions that you do not need.

3. Tap the functions that you need. You can select maximum 8 functions.

4. Close the dialog box.

3.6 Quick Access

If the measurement task requires to change the settings from different menus repeat-
edly, you can use the "QuickAccess". The "QuickAccess" is a user-defined menu,
which can be added to the toolbar.

To configure the "QuickAccess" menu:

1. Add the "QuickAccess" icon to the toolbar as described in "Configuring the Toolbar
on page 32.

2. Add the required settings and functions to the "QuickAccess" menu:

a) Open the menu that contains the setting.
b) Drag the setting from the menu and drop it on the diagram.
The setting is added to the "QuickAccess".
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c) Repeat steps a) and b) for each setting and function that you need for the mea-
surement task.

N 0T Q@ w & T |[F

Undo Delete foom FFT Annotation Demo

Vertical Scale: 50 mV

Offset: 0V
Time Scale: 100 ps/

Acquire Mode: Sample
Trigger Type: Edge

3. To remove unwanted settings and functions:

a) Tap the E3 "Settings" icon of the function.
b) To delete the selected setting or function, tap "Delete".
c) To delete the complete "QuickAccess" menu, tap "Delete All".

» To show or hide the "QuickAccess" menu, tap the "QuickAccess" icon on the tool-
bar.

3.7 Menu History

The menu history is another way to speed up and simplify the usage of the
R&S RTB2000. The menu history is also a user-defined menu, which can be added to
the toolbar. It logs all menus that you used during the current session.

1. Add the "Menu Hist." icon to the toolbar as described in "Configuring the Toolbar"
on page 32.
2. Open some menus and set up parameters.

3. Tap the "Menu Hist." icon on the toolbar.

4. Tap the menu that you want to open.
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Undo Delete Menu Hist. Ioom FFT Annotation Demo

Acquisition

Channel 1

Horizontal

3.8 Getting Help

In most menus and dialogs, graphics explain the meaning of the selected setting. For
further information, you can open the help, which provides functional description of
selected setting.

To open the help window
1. Tap the "Menu" icon in the lower right corner of the screen.
2. Tap "Help" on the top of the main menu.

3. Tap the setting for which you need information.

Time Scale ?

HE
#+Horizontal Pos. f\,
Reference Point

Horizontal Vertical

Reference Point nn
Middle

=—— Time Scale O

Horizontal Position

To close the help window

» Tap "Help" on the top of the main menu, or tap the "Close" icon in the upper right
corner of the help window.
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4 Waveform Setup

This chapter describes how to connect and set up probes, to adjust the horizontal and
vertical settings, and to control the acquisition.

4.1 Connecting Probes and Displaying a Signal

Risk of instrument damage

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

The attenuation of the probes that are delivered with the instrument, and the default
attenuation factor of the instrument are 10:1. If you use only the delivered probes and
did not change the attenuation factor, no attenuation adjustment is required.

1. Connect the probes first to the channel inputs, and then to the DUT.

2. Tap the label of the used channel in the bottom line of the display.

3. Tap "Probe".

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

Note: If you measure current using a shunt resistor as a current sensor, you have
to multiply the V/A-value of the resistor by the attenuation of the probe. For exam-
ple, if a 1 Q resistor and a 10:1 probe is used, the V/A-value of the resistor is 1 V/A.
The attenuation factor of the probe is 0.1, and the resulting current probe attenua-
tion is 100 mV/A.

5. If you connect several probes, repeat steps 2 to 4 for the remaining channels.

6. Press the [Autoset] key.
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[Autoset]
Analyzes the enabled analog channel signals, and adjusts the horizontal, vertical, and
trigger settings to display stable waveforms.

In particular, autoset adjusts the following settings:

® \ertical settings of analog channels: vertical scale, offset, and position

® Horizontal settings: time scale (also in Zoom, Quickmeas, FFT, and XY mode), hor-
izontal position of the trigger

® Trigger: set to automatic trigger mode and edge trigger type (except for pattern trig-
ger), trigger source to active existing signal, automatic hysteresis, trigger coupling
to DC, switch off HF / noise reject and hold off

® Reference and math waveforms are switched off

® Annotations are deleted

® Menus are closed

Autoset does not switch off analog and vertical channels, and it does not change the
instrument mode, cursor, measurement, and waveform generator settings.

To adjust only vertical settings of one channel, use the "Auto Scale" function in the
channel short menu, see Chapter 4.3.2, "Short Menu for Analog Channels",

on page 40.

Remote command:

AUToscale on page 290

[Preset]

Resets the instrument to the scope mode and to default state, without analyzing the
signal. The user-defined configuration, measurements and other settings are removed
and all channels and waveforms, except for channel 1, are disabled.

Preset does not change the display settings.

See also: Chapter 10.3, "Reset", on page 172.

Remote command:
*RST on page 288

4.2 Adjusting Passive Probes

Passive probes, which are delivered with the instrument, are already pre-compensated
to the R&S RTB2000 characteristics, and a compensation procedure is not required.

If you use another passive probe, it is necessary to compensate it when it is connected
to the instrument the first time. Compensation matches the probe cable capacitance to
the oscilloscope input capacitance to assure good amplitude accuracy from DC to
upper bandwidth limit frequencies. A poorly compensated probe reduces the perform-
ance of the probe-oscilloscope system and introduces measurement errors resulting in
distorted waveforms and inaccurate results.

Two connector pins for compensation are located at the front panel. The left pin is on
ground level. The next pin supplies a square wave signal for the adjustment.

1. Press the [i& [Apps Selection] key.
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2. Tap "Probe Adjust".

3. Follow the instructions of the wizard. It guides you through the compensation proc-
ess.
Use the compensation trimmer of the probe to get optimum square wave response.
For details, refer to the documentation of your probe.

4.3 Vertical Setup

The controls and parameters of the vertical system adjust the vertical scale and posi-
tion of the waveform, and the waveform display. The probe settings also belong to the
vertical setup.

The channel labels at the bottom of the display show the basic vertical settings: vertical
scale (for example, channel 3 in the figure below: 500 mV/div), coupling (AC), probe
attenuation (10:1), and bandwidth (if limited). Clipping of a waveform is indicated by
orange arrows. The label of the selected channel has a brighter colored line on the top.

Figure 4-1: Channel labels. Channel 3 is selected. Channel 1 waveform is clipped.

There are several ways to adjust vertical settings:

® Use the controls in the Vertical functional block of the front panel to select the
channel, to scale the waveform, and to set the position.

® Drag one finger vertically on the screen to change the position of the selected
channel waveform.

® Spread or pinch two fingers in vertical direction to change the vertical scale of the
selected waveform.

® Use the short menu to adjust coupling and the probe, and to set the vertical scale
automatically.

® Use the comprehensive menu to adjust all vertical settings.
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4.3.1 VERTICAL Controls

[Ch <n>]
For each analog channel, a channel key is available. The key is illuminated in the
channel color, if the channel is on.

The effect of the keypress depends on state of the channel:

® |f channel is off: Turns on the channel and selects it. The rotary knobs alongside
light up in the channel color.

® |f the channel is on and in focus (selected): Opens the corresponding channel
menu.
If the channel is on but not in focus (not selected): Selects the channel waveform.
If the channel is selected, and the menu is open: Pressing the key turns off the
channel.

Remote command:
CHANnel<m>:STATe on page 292

[Offset/Position (upper knob)]

The upper vertical knob adjusts the following, depending on the selected waveform:

e Offset or position of an analog channel (adjustable: main menu > "Vertical"). The
visual effect is the same. While the offset sets a voltage, position is a graphical set-
ting given in divisions.

® Vertical position of a math or reference waveform, serial bus, or logic pod

The knob lights up in the color of the selected waveform. Turn clockwise to move up

the waveform. Pressing the key has the following effects:

® Analog channels, math waveforms, and buses: sets the value to zero.
Reference waveforms: sets to original position or to 0 divisions.

FFT and single bits of a pod: set to default value.

Pods: set to the center of the display.

Remote command:
CHANnel<m>:POSition on page 293
CHANnel<m>:O0FFSet on page 293
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CALCulate:MATH<m>:POSition on page 320
REFCurve<m>:VERTical:POSition on page 323

[Scale]

Sets the vertical scale in Volts per division to change the displayed amplitude of the
selected waveform. For analog waveforms, the scale value is shown in the waveform
label at the bottom. 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 coarse adjustment.

To get the maximum resolution of the waveform amplitude, make sure that the wave-
forms cover most of the screen's height.

Remote command:

CHANnel<m>:SCALe on page 292

CALCulate:MATH<m>:SCALe on page 320

REFCurve<m>:VERTical:SCALe on page 324

[Logic]

Enables the logic channels. The second keypress opens the menu, where you can
select and configure digital channels for analysis. If the menu is open, pressing the key
disables the logic channels.

Key function requires MSO option R&S RTB-B1.

Logic analyzer functions are described in Chapter 13, "Logic Analyzer (Option
R&S RTB-B1, MSO)", on page 250.

[Ref]

Displays the reference waveforms with their last configuration. The second keypress
opens the menu, where you can select, create, save and load reference waveforms. If
the menu is open, pressing the key disables the reference waveforms.

Reference waveforms are described in Chapter 6.3, "Reference Waveforms",

on page 83.

[Math]

Displays the math waveforms with their last configuration. A math waveform is a wave-
form that is calculated from the captured data. The second keypress opens the menu,
where you can activate and configure math waveforms, and save and load equation
sets. If the menu is open, pressing the key disables the math waveforms.

Mathematics is described in Chapter 6.2, "Mathematics", on page 78.

4.3.2 Short Menu for Analog Channels

To adjust the probe and the coupling, you can use the short menu. Here you can also
open the comprehensive menu, and switch off the channel.

» To open the short menu for a channel, tap the channel label in the bottom line of
the display.
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If the channel was not selected, tap twice: Once to select the waveform, and next
to open the short menu.

Functions in the short menu:

e "AC | DC": see "Coupling" on page 43.

® '"<current bandwidth>" ("20MHz" in the above example): see "Bandwidth"
on page 43.

® "Probe": opens the "Probe" menu, see Chapter 4.3.4, "Probe Settings",
on page 45.

® "Auto Scale": analyzes the selected channel signal and adjusts the vertical scale.
This function is only available in the channel short menu.

e "Off": turns off the channel.
® "Menu": opens the channel menu.

4.3.3 \Vertical Settings

The comprehensive "Vertical" menu contains all vertical settings.

1. To open the "Vertical" menu:

a) Open the main menu.
b) Select "Vertical"

2. Select the parameter that is assigned to the upper vertical knob: "Offset" or "Posi-
tion".

3. Open the channel menu.
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» To open the channel menu directly, press the corresponding channel key.
If the channel was active but not selected, press twice: Once to select the wave-

form, and next to open the short menu.

State N |

Coupling
AC
Bandwidth
20MHz
Vertical Scale
50 mv/
Offset
oV
Position
0 DN

Ground Bo

Invert Po

Deskew

Zero Adjust

YWaveform Color
Default

Probe

Threshold

Label

Figure 4-2: Channel menu, split into two halves

Vert. Position Knob

Selects the parameter to be changed with the [Offset/Position (upper knob)]: "Offset" or
"Position". By default, position is set. [Preset] does not affect the assignment.

Channel <n>

Opens the channel menu.
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State
Switches the selected channel on or off.

Remote command:
CHANnel<m>:STATe on page 292

Coupling

Selects the input coupling, which influences the signal path between input connector
and the following internal signal stage. The current coupling of each channel is shown
in the waveform labels below the grid.

"AC" AC coupling is useful if the DC component of a signal is of no inter-
est. AC coupling blocks the DC component of the signal so that the
waveform is centered on zero volts.

"DC" With DC coupling, the input signal passes unchanged, all signal com-
ponents are shown.

Remote command:
CHANnel<m>:COUPling on page 293

Bandwidth

Selects the bandwidth limit. At full bandwidth, all frequencies in the specified range of
the instrument are acquired and displayed accurately with less than 3 dB attenuation.
Full bandwidth is used for most applications.

To reduce noise, you can set a frequency limit. Higher frequencies are removed from
the signal. Limited bandwidth is indicated by "By," in the waveform label.

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

without aliasing.

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

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

Remote command:
CHANnel<m>:BANDwidth on page 294

Vertical Scale
Sets the vertical scale in Volts per division to change the displayed amplitude of the
selected waveform. The current value is shown in the waveform label below the grid.

Vertical scale directly affects the resolution of the waveform amplitude. To get the full

resolution of the ADC, set up the waveforms to cover most of the height of the dia-

gram.
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Remote command:
CHANnel<m>:SCALe on page 292

Offset

Sets the offset voltage, which corrects an offset-affected signal. The vertical center of
the selected channel is shifted by the offset value and the signal is repositioned within
the diagram area. To set the offset automatically, use [Autoset].

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.

Remote command:
CHANnel<m>:0FFSet on page 293

Position

Moves the selected signal up or down in the diagram. While the offset sets a voltage,
position is a graphical setting given in divisions. The visual effect is the same as for off-
set.

Remote command:
CHANnel<m>:POSition on page 293

Ground
Connects the input to a virtual ground. All channel data is set to 0 V. Ground connec-
tion is labeled with B. The coupling is not affected by the ground setting.

Remote command:
CHANnel<m>:COUPling on page 293

Invert

Turns the inversion of the signal amplitude on or off. To invert means to reflect the volt-
age 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.

Inversion is indicated in the waveform labels by line above the channel name.

Remote command:
CHANnel<m>:POLarity on page 294

Deskew
Sets a time delay for the selected channel.

Deskew compensates delay differences between channels caused by the different
length of cables, probes, and other sources. Correct deskew values are important for
accurate triggering. Signals that are routed over lines with different lengths have a dif-
ferent propagation delay. This delay can lead to a non-synchronous waveform display.
For example, a coax cable with a length of 1 meter has a propagation delay of typically
5.3 ns.

Remote command:
CHANnel<m>:SKEW on page 295
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Zero Adjust

Differences in DUT and oscilloscope ground levels can cause larger zero errors, which
affect the waveform. If the DUT is ground-referenced, the "Zero Adjust" corrects the
zero error and sets the probe to the zero level.

You can assess the zero error by measuring the mean value of a signal that returns
Zero.

Remote command:
CHANnel<m>:ZOFFset [ :VALue] on page 295

Waveform Color
Selects the color scale for the waveform color. Each scale comprises a set of colors,
where each color represents a certain frequency of occurrence.

"Temperature" Display in temperature colors. Blue corresponds to rare occurrences
of the samples, while white indicates frequent ones.

"Rainbow" Display in rainbow colors. Blue corresponds to rare occurrences of
the samples, while red indicates frequent ones.

"Fire" Display in fire colors. Yellow corresponds to rare occurrences of the
samples, while red indicates frequent ones.

"Default" Displays the waveform in its default monochrome color.

Remote command:
CHANnel<m>:WCOLor on page 295

Probe
See Chapter 4.3.4, "Probe Settings", on page 45.

Threshold
See Chapter 4.3.5, "Threshold Settings", on page 46.

Label
See Chapter 4.3.6, "Label Settings", on page 47.
4.3.4 Probe Settings
For passive probes, which are connected with a BNC connector, you set the probe
attenuation and the unit, and you can start an adjustment procedure for the probe. All

settings are channel-specific. When you set the attenuation, you can select a prede-
fined factor, for example "10:1", or enter a user-defined value.

Access: [Ch <n>] > "Probe" (scroll down). Or: short menu > "Probe"
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A

-~ Probe Adjust

User

If default values do not fit, you can enter an arbitrary attenuation factor in the range
between 0.001:1 and 1000:1. The vertical scaling and measured values are multiplied
by this factor so that the displayed values are equal to the undivided measured signal
values.

Remote command:
PROBe<m>: SETup:ATTenuation:MANual on page 298
PROBe<m>:SETup:GAIN:MANual on page 299

Unit

Selects the unit that the probe can measure.
e V - for voltage measurements

® A -for current measurements

Remote command:
PROBe<m>:SETup:ATTenuation:UNIT on page 298
PROBe<m>: SETup:GAIN:UNIT on page 298

Probe Adjust

Starts the probe adjustment procedure. A wizard explains the adjustment step by step.
4.3.5 Threshold Settings

A threshold is used 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.

Access: [Ch <n>] > "Threshold" (scroll down).
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Threshold

Hysteresis

tedium

./~ Find Threshold

Threshold

A threshold is used 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.
Remote command:

CHANnel<m>:THReshold on page 296

Hysteresis
To avoid the change of signal states due to noise, set the hysteresis. If the signal oscil-
lates inside the hysteresis range and crosses the threshold, no state transition occurs.

Threshold ,\/m i Hysteresis
! \/\f\

Logic 0 Logic 1 Logic 0

The numerical values of "Small", "Medium", and "Large" hysteresis correspond to the
vertical scale.

Remote command:
CHANnel<m>:THReshold:HYSTeresis on page 297

Find Threshold

The instrument analyzes the channel and sets the threshold for digitization. If no level
can be found, the existing value remains unchanged, and you can set the thresholds
manually.

Remote command:
CHANnel<m>:THReshold:FINDlevel on page 297

4.3.6 Label Settings

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

Access: [Ch <n>] > "Label" (scroll down).
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Bo

Predefined Label
User Defined

T Edit Label

Label
Activates or deactivates the label display. The label is shown at the waveform on the
right edge of the display.

Remote command:
CHANnel<m>:LABel:STATe on page 297
CHANnel<m>:LABel on page 297

Predefined Label
Selects a predefined label text. You can edit the text with "Edit Label".

Edit Label
Opens on-screen keypad to enter a label text. If you previously have selected a prede-
fined label, 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 keypad can be used.

4.4 Horizontal Setup

Horizontal settings, also known as timebase settings, adjust the waveforms in horizon-
tal direction.

Typically, the trigger is the determining point of the waveform record. In many scenar-
ios, you want to analyze the waveform some time before or after the trigger. To adjust
the horizontal acquisition window to the waveform section of interest, you can use the
following parameters:

® The horizontal position defines the time distance of the trigger point (the zero
point of the diagram) to the reference point. Changing the horizontal position, you
can move the trigger point, even outside the screen.

® The reference point is the rescaling center of the time scale on the screen. If you
modify the time scale, the reference point remains fixed on the screen, and the
scale is stretched or compressed to both sides of the reference point.
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Unlike vertical settings, which are waveform-specific, the horizontal settings apply to all
active waveforms.
There are several ways to adjust horizontal settings:

® Use the controls in the Horizontal functional block of the front panel to scale the
waveforms, and to set the position.

® Drag one finger horizontally on the screen to change the horizontal position.
Spread or pinch two fingers to change the horizontal scale.

® Use shortcuts to adjust scale and position.
® Use the comprehensive menu to adjust all horizontal settings.

441 HORIZONTAL Controls

[Position]

Changes the trigger position, the time distance from the trigger point to the reference
point (trigger offset). The trigger point is the zero point of the diagram. Thus, you can
set the trigger point even outside the diagram and analyze the signal some time before
or after the trigger.
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Turn clockwise to move the position to the right, and press the knob to reset the value
to zero. The current value is shown in the information bar.

In zoom and FFT, the knob sets the position in the active diagram. Tap the diagram
that you want to adjust. If a zoom is active, either the position of the zoom window or
the trigger position is changed. In an FFT diagram, the knob changes the center fre-
quency in frequency domain, or the trigger position in time domain.

Remote command:

TIMebase:POSition on page 299
REFCurve<m>:HORizontal :POSition on page 323
TIMebase:Z00M: TIME on page 317

[Scale]
Adjusts the time scale of the horizontal axis for all signals, also known as timebase.

Turn clockwise to stretch the waveforms - the scale value time/div decreases. Press
the knob to toggle between coarse and fine scale adjustment. The current value is
shown in the information bar.

In a zoom diagram, the knob changes the zoom scale. In an FFT diagram, the knob
changes the span. Tap the diagram that you want to adjust.

Remote command:

TIMebase:SCALe on page 299
REFCurve<m>:HORizontal : SCALe on page 323
TIMebase:z00M: SCALe on page 317

[Zoom]
Enables or disables the zoom with the last configuration.

See also: Chapter 6.1, "Zoom", on page 74.

Remote command:
TIMebase:Z00M: STATe on page 317

[Horizontal]
Opens the menu to configure horizontal scale, position, and reference point. The cur-
rent scale and position is shown in the top information bar.

If zoom is active, you can find also the zoom scale and zoom position in this menu.
[Acquisition]
Opens the "Acquisition" menu. Here you control the data processing - how the wave-

form is built from the captured samples. The current acquisition mode is shown in the
top information bar.

See also: Chapter 4.5, "Acquisition Setup”, on page 52.

4.4.2 Shortcuts for Horizontal Settings

To adjust the horizontal scale and the position, you can use the shortcuts on the top of
the display. The labels show the current values.
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1 = adjust horizontal scale
2 = adjust horizontal position

4.4.3 Horizontal Settings

The comprehensive "Horizontal" menu contains all horizontal settings. In zoom mode,
also zoom settings are listed in the menu.

» To open the menu, press the [Horizontal] key.

Horizontal

Reference Point
iiddle

Time Scale

100 ps/
Horizontal Position
0s

Reference Point
Defines the time reference point in the diagram. It is indicated by a gray triangle outline
at the bottom of the diagram.

The reference point defines which part of the waveform is shown. By default, the refer-
ence point is displayed in the center of the window, and you can move it to the left or
right.

The reference point is the rescaling center of the time scale on the screen. If you mod-
ify the time scale using the [Scale] knob, the reference point remains fixed on the
screen, and the scale is stretched or compressed to both sides of the reference point.
If you spread and pinch two fingers on the touchscreen to change the time scale, then
the reference point is set between the fingers.

Remote command:
TIMebase:REFerence on page 300

Time Scale
Defines the time scale of the horizontal axis for all signals, also known as timebase.
The scaling is indicated in the information bar above the grid.

Remote command:
TIMebase:SCALe on page 299
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Horizontal Position

Defines the trigger position, the time distance from the trigger point to the reference
point (trigger offset). The trigger point is the zero point of the diagram. Changing the
horizontal position, you can move the trigger, even outside the screen.

If you want to see a section of the waveform some time before or after the trigger, enter
this time as horizontal position. The requested waveform section is shown around the
reference point. Use positive values to see waveform sections after the trigger - the
waveform and the diagram origin move to the left.

The value is indicated in the information bar above the grid.

Remote command:
TIMebase:POSition on page 299

4.5 Acquisition Setup

During an acquisition, the R&S RTB2000 captures the signal and converts it to digital
samples. The digital samples are processed according to the acquisition settings. The
result is a waveform record that is displayed on the screen and stored in memory.

The number of waveform samples in one waveform record is called the record length.
The rate of recording waveform samples - the number of waveform samples per sec-
ond - 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 sig-
nal is undersampled, aliasing occurs - a false waveform is displayed. To avoid aliasing
and accurately reconstruct a signal, the sample rate must be at least 3 to 5 times the
fastest frequency component of the signal.

There are several ways to adjust and control acquisition:

® Use the controls in the Trigger functional block of the front panel to start and stop
acquisition. See Chapter 5.1, "Trigger Controls", on page 58.

® Use shortcuts to adjust the acquisition mode, and to perform a single acquisition.
® Use the comprehensive menu to adjust all acquisition settings.

» To start or stop acquisition, use the [Run Stop] and [Single] keys in the Trigger sec-
tion at the front panel.
4.5.1 Shortcuts for Acquisition Settings

To adjust the acquisition mode, and to perform a single acquisition, you can use the
shortcuts on the top of the display. The labels show the current values.
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1 = start or stop a continuous acquisition, or start a single acquisition if [Single] is active
2 = adjust the acquisition mode
3 = shows the current sample rate for information

4.5.2 Acquisition Settings

Acquisition settings define the processing of the captured samples in the instrument.
The current acquisition mode and sample rate are shown in the top information bar.

» To adjust acquisition settings, press the [Acquisition] key.

Record Length
Auto: 3 MSa
Acquire Mode
Average

No. of Averages

Roll N |

Start Roll Time
500 ms/

Interpolation
Sin{x)/x

The history is described in Chapter 6.4.3, "History Settings", on page 89.

Record Length
Sets the record length, the number of waveform samples that are stored in one wave-
form record.

If you use the history, you can disable the "Auto" record length and enter a value in the
"History" menu. In this case, the defined record length is shown in the "Acquisition"
menu.

Remote command:
ACQuire:POINts:AUTomatic on page 301
ACQuire:POINts[:VALue] on page 301
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Acquire Mode
Defines how the waveform is built from the captured samples. There are two general
methods to build the waveform record: sample decimation and waveform arithmetic.

Sample decimation reduces the data stream of the ADC to a stream of waveform
points with lower sample rate and a less precise time resolution. The R&S RTB2000
uses decimation, if the waveform sample rate is less than the ADC sample rate. The
acquisition modes "Peak Detect" and "High Resolution" are decimation methods.

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

methods.

"Sample" Usually, most signals are displayed optimally with this acquisition
mode but very short glitches might remain undiscovered by this
method.

If the sample rate of the waveform is less than the ADC sample rate,
the instrument reduces the number of samples: one of n samples in a
sample interval is recorded as waveform point, the other samples are
discarded (decimation). Conversely, if the sample rate of the wave-
form is higher than the ADC sample rate, the instrument adds wave-
form points to the captured samples using an interpolation method.

"Peak Detect" The minimum and the maximum of n samples are recorded as wave-
form points, the other samples are discarded. Thus the instrument
can detect fast signal peaks at slow time scale settings that would be
missed with other acquisition modes.

"High Resolu-  The average of n captured sample points is recorded as one wave-
tion" form sample. Averaging reduces the noise, the result is a more pre-
cise waveform with higher vertical resolution.

"Average" The average is calculated from the data of the current acquisition and
a number of consecutive acquisitions before. The method reduces
random noise. It requires a stable, triggered and repetitive signal.
The number of acquisitions for average calculation is defined with
"No. of Averages" on page 55.

If the waveform is clipped, the instrument shows a distorted average
waveform to indicate the clipping. Adjust the vertical scale to avoid
the clipping.

"Envelope" Each acquisition is done in sample mode, and the minimum and max-
imum values over some consecutive acquisitions build the envelope.
The resulting diagram shows two envelope waveforms below and
above the normal waveform: the minimums (floor) and maximums
(roof), representing the borders in which the signal occurs. this
method is useful, for example, if the waveform is noisy but the noise
is not relevant for the measurement.

"Enve- Each acquisition is done in peak detect mode, and the most extreme
lope + PD" values of all consecutive acquisitions build the envelope. This method
is more precise than "Envelope".

Remote command:
ACQuire:TYPE on page 302
CHANnel<m>:ARIThmetics on page 303
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CHANnel<m>:TYPE on page 302
ACQuire:PEAKdetect on page 303
ACQuire:HRESolution on page 303

No. of Averages
Defines the number of waveforms used to calculate the average waveform. The higher
the number, the better the noise is reduced.

To restart the average calculation, press the [Clear Screen] key.

Remote command:
ACQuire:AVERage: COUNt on page 304
ACQuire:AVERage:RESet on page 304

Nx Single
Sets the number of waveforms that are acquired with a [Single] acquisition.

The setting is available if the history option is installed.

Remote command:
ACQuire:NSINgle:COUNt on page 290

Roll
Enables the automatic roll mode. The instrument switches to roll mode if the Time
Scale is equal or slower than Start Roll Time.

The roll mode displays the untriggered, continuous signal, and moves the captured
input data on the display from the left to the right. The instrument shows the waveform
immediately, without waiting for the complete acquisition of the waveform record. The
record length is set automatically ("Auto" mode). Some math functions are non-calcula-
ble if roll mode is active.

You can use the horizontal and vertical zoom in roll mode if the acquisition is stopped.

Remote command:
TIMebase:ROLL:AUTomatic on page 304

Start Roll Time
Sets the limit timebase for the roll mode. The instrument switches automatically to roll
mode if:

® the Time Scale exceeds the value given here.
® the roll mode is activated (Roll).

Remote command:
TIMebase:ROLL:MTIMe on page 305

Interpolation
Selects the interpolation method if interpolation is required to get the defined record

length.
"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 placed on the resulting curve. This inter-
polation method is the default method. It is precise and shows the
best signal curve.
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"Linear" Two adjacent ADC sample points are connected by a straight line, the
interpolated points are placed on the line. You see a polygonal wave-
form similar to the real signal, and also the ADC sample points as
vertexes.

"Sample-Hold" The ADC sample points are displayed like a histogram. For each
sample interval, the voltage is taken from the sample point and con-
sidered 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 305
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5 Trigger

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

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

Trigger conditions include:

® Source of the trigger signal (channel)

® Trigger type and its setup

® Trigger mode

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

important to display the interesting part of the signal. See Chapter 4.4, "Horizontal
Setup", on page 48.

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

There are several ways to set up the trigger:

® Use the controls in the Trigger functional block of the front panel.

® Use shortcuts to adjust the trigger source, trigger mode, and main parameters of
the trigger type.

® Use the comprehensive menu to select the trigger type and to adjust all trigger set-
tings.

The R&S RTB2000 can output a pulse at the Aux Out connector when the instrument
triggers. See
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5.1 Trigger Controls

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

The green LED above the [Levels] knob lights up when the instrument triggers.

[Trigger]
Opens the "Trigger" menu.

[Source]

Changes the analog trigger source. Press the key repeatedly until the required analog
source is selected. If a digital source or serial bus was selected in the "Trigger" menu,
or if the "Trigger Type" is set to "Pattern", the key opens the menu.

The key lights up in the color of the selected channel, and the selected source is
shown in the information bar.

Remote command:
TRIGger:A:SOURce on page 307

[Auto Norm]
Toggles the trigger mode between "Auto" and "Norm". The key lights up in white if the
trigger mode is "Norm". The current mode is also shown in the information bar.

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

"Norm" 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 307

[Levels]
The rotary knob changes the trigger level. Turn clockwise to move up the trigger level.

Pressing the knob sets the level to 50% of the signal amplitude.
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Remote command:
TRIGger:A:LEVel<n>[:VALue] on page 309
TRIGger:A:FINDlevel on page 309

[Force Trigger]

Provokes an immediate single acquisition. Use this key if the acquisition is running in
normal mode and no valid trigger occurs. Thus, you can confirm that a signal is availa-
ble and use the waveform display to determine how to trigger on it.

Remote command:
*TRG on page 289

[Run Stop]
Starts and stops the continuous acquisition. A green light indicates a running acquisi-
tion. A red light shows that acquisition is stopped.

The status is shown also at the right end of the information bar: "Run", "Complete",
"Trig?" (waiting for trigger, in normal trigger mode) or "Not ready" (working). For slow
timebases, the status "Pre" or "Post" is shown together with an indicator that shows the
filling level of the buffer.

Remote command:

RUN on page 290
RUNContinous on page 290
STOP on page 291
ACQuire:STATe on page 291

[Single]

Starts a specified number of acquisitions. A white light indicates that the instrument is
in single mode. The information bar shows "Complete" if the acquisition has been fin-
ished.

If the history option R&S RTB2000-K15 is available, you can set the number of acquisi-
tions: press the [Acquisition] key and enter "Nx Single".

Remote command:
STINGle on page 290
RUNSingle on page 290

5.2 Shortcuts for Trigger Settings

To adjust the trigger source, mode, and trigger type specific settings, you can use the
shortcuts on the top of the display. The labels show the current values.
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1 = adjust the trigger source

2 = open the keypad to enter the value of the trigger level or threshold

3 = adjust slope or polarity

4 = adjust the trigger mode

5 = start or stop a continuous acquisition, or start a single acquisition if [Single] is active
6 = available settings depend on the trigger type

5.3 General Trigger Settings

General trigger settings are independent of the trigger type. They are highlighted in the
above figure and described in the current section. The other trigger settings are spe-
cific for individual trigger types, and they are described in the following sections.

Trigger Mode

Toggles the trigger mode between "Auto" and "Norm". The trigger mode determines the
behavior of the instrument if no trigger occurs. The current setting is shown in the infor-
mation bar.
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"Auto" The instrument triggers repeatedly after a time interval if the trigger
conditions are not fulfilled. If a real trigger occurs, it takes prece-
dence. This mode helps to see the waveform even before the trigger
is set. The waveform on the screen is not synchronized, and succes-
sive waveforms are not triggered at the same point of the waveform.

"Norm" The instrument acquires a normal 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 307

Trigger Type

Selects the trigger type.

"Edge" Triggers on signal edges.
See Chapter 5.4, "Edge Trigger", on page 62.

"Width" Triggers on pulse width.
See Chapter 5.5, "Width Trigger", on page 64.

"Video" Triggers on various PAL, NTSC and HDTV standard video signals.
See Chapter 5.6, "Video Trigger", on page 67.

"Pattern” Triggers on logical combinations of the input channels.
See Chapter 5.7, "Pattern Trigger", on page 69.

"Timeout" Triggers on signal level timeout.
See Chapter 5.8, "Timeout Trigger", on page 71.

"Line" The line trigger uses the waveform of the power supply's alternating
line voltage (typically 50 Hz or 60 Hz AC) as the trigger signal source.
Use this trigger to detect issues related to the frequency of the power
grid.
The line trigger does not have any settings.

"Serial Bus" Triggers on a serial bus. Requires that at least one protocol option

R&S RTB-K1, -K2, or -K3 is installed, a serial bus is configured, and a
decoded signal is available.
See Chapter 12.1.1, "Protocol - Common Settings", on page 189.

Remote command:
TRIGger:A:TYPE on page 307

Source
Selects the trigger source.

"C1, C2, C3, Select one of the analog input channels as trigger source.
C4"
"D0 to D15" Select one of the digital channels as trigger source if MSO option

R&S RTB-B1 is installed.
Not available for video trigger.

"Extern" Sets the external trigger input on the front panel as trigger source.
Available for edge and video trigger.
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"B1 or B2" Serial bus that is used for triggering on protocols. Only available, if
the trigger type "Serial Bus" is selected.

Remote command:
TRIGger:A:SOURce on page 307

Hold Off, Hold Off Time
Enables the hold off and defines the "Hold Off Time". The next trigger occurs only after
the hold off time has passed.

The trigger "Hold Off" defines when the next trigger event is recognized after the cur-
rent trigger event. Thus, it affects the next trigger to occur after the current one. Hold
off helps to obtain stable triggering when the oscilloscope is triggering on undesired
events.

Remote command:
TRIGger:A:HOLDoff :MODE on page 308
TRIGger:A:HOLDoff:TIME on page 308

5.4 Edge Trigger

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

Y

Figure 5-1: Edge trigger event with positive slope (rising edge)

» [Trigger] > "Trigger Type" = "Edge"
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Trigger Type
Edge

Coupling
DC

HF Reject fo

Noise Reject I o]

Slope

Sets the edge direction for the trigger. You can trigger on:

o rising edge, that is a positive voltage change

° falling edge, that is a negative voltage change

° rising and falling edge. After starting an acquisition, the instrument triggers on
the first identified edge.

Remote command:
TRIGger:A:EDGE: SLOPe on page 308

Trigger Level, Threshold
Sets the voltage level or threshold for the trigger.

You can also drag the trigger level marker on the display, or turn the Levels knob. To
set the trigger level to 50% of the signal amplitude, press the Levels knob.

For width and timeout trigger, the trigger level is the threshold of the trigger source.

Remote command:
TRIGger:A:LEVel<n>[:VALue] on page 309
TRIGger:A:FINDlevel on page 309

Coupling
Sets the coupling for the trigger source.
"AC" Alternating current coupling. A highpass filter removes the DC offset
voltage from the trigger signal.
"DC" Direct current coupling. The trigger signal remains unchanged.
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"LF Reject" Sets the trigger coupling to high frequency. A 15 kHz highpass filter
removes lower frequencies from the trigger signal. Use this mode
only with very high frequency signals.

Remote command:
TRIGger:A:EDGE:COUPling on page 309

HF Reject
Enables or disables an additional 5 kHz lowpass filter in the trigger path. This filter
removes higher frequencies and is available with AC and DC coupling.

You can use either "HF Reject" or "Noise Reject".

Remote command:
TRIGger:A:EDGE:FILTer:HFReject on page 310

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

You can use either "HF Reject" or "Noise Reject".

Remote command:
TRIGger:A:EDGE:FILTer:NREJect on page 310

5.5 Width Trigger

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

You can use the width trigger, for example, to trigger on glitches.

v v

I ]

Figure 5-2: Pulse width is shorter (left) or longer (right) than a given duration (also known as glitch

trigger)
v v
p L 4 L 4
min min
> >
> max @ > max @

Figure 5-3: Pulse width is inside or outside an allowable time range

1 = Inside: min width < pulse < max width
2 = Qutside: pulse < min width OR pulse > max width
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- @

Figure 5-4: Pulse width is equal or unequal to a given duration, with optional variation (4)

1 = Equal: (width - variation) < pulse < (width + variation)
2 = Unequal: pulse < (width - variation) OR pulse > (width + variation)

» [Trigger] > "Trigger Type" = "Width"

Trigger Type
Width

Source

0] F= 4 PP UPUPPP Nt 65
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[ A (= (=TT T 66
Polarity

Sets the polarity of the pulse. You can trigger on:
° positive going pulse, the width is defined from the rising to the falling slopes.
° negative going pulse, the width is defined from the falling to the rising slopes.

Remote command:
TRIGger:A:WIDTh:POLarity on page 311
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Comparison
Sets how the measured pulse width is compared with the given limits.

"Width >" Triggers on pulse width longer than the reference "Time t".

"Width <" Triggers on pulse width shorter than the reference "Time t".

"Width =" Triggers on pulse width equal to the reference "Time t" if "Variation"
At=0.
If "Variation" # 0, this setting triggers on pulses within the range t+At.

"Width #" Triggers on pulses unequal to the reference "Time t", if "Variation"
At=0.

If "Variation" # 0, this setting triggers on pulses outside a range t + At.

"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 311

Time t

Sets the reference time, the nominal value for comparison settings "Width >",
"Width <", "Width =", and "Width +".

Remote command:

TRIGger:A:WIDTh:WIDTh on page 311

Variation

Sets a range At to the reference "Time t", if comparison is set to "Width =" or "Width #".
The instrument triggers on pulses inside or outside the range t+At.

Remote command:

TRIGger:A:WIDTh:DELTa on page 312

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

Remote command:
TRIGger:A:WIDTh:RANGe on page 311
TRIGger:A:WIDTh:DELTa on page 312

Threshold
Threshold of the trigger source channel, used as trigger level for the width trigger.

See also "Threshold" on page 47 and "Trigger Level, Threshold" on page 63.

Remote command:
TRIGger:A:LEVel<n>[:VALue] on page 309
CHANnel<m>:THReshold on page 296

Hysteresis
Hysteresis of the trigger source channel, see "Hysteresis" on page 47.
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Remote command:
CHANnel<m>:THReshold:HYSTeresis on page 297

5.6 Video Trigger

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 stand-
ards connected to an analog channel input or to the external trigger input.

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

» [Trigger] > "Trigger Type" = "Video"

Trigger Type
Video

Source

Line Number

Line

Figure 5-5: Video trigger menu

Standard
Selects the color television standard.

You can trigger on various standard-definition television (SDTV) signals:
e "PAL"

"NTSC"

"SECAM"

"PAL-M"

"SDTV 576i" (PAL and SECAM)
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High-definition television (HDTV) standards are indicated by the number of active lines
and the scanning system:

e "HDTV 720p"

e "HDTV 1080p" (p for progressive scanning)

e "HDTV 1080i" (i for interlaced scanning)

Remote command:
TRIGger:A:TV:STANdard on page 312

Signal

Selects the polarity of the signal. Note that the sync pulse has the opposite polarity. If
the video modulation is positive, the sync pulses are negative. If the modulation is neg-
ative, 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 informa-
tion.

M A

Figure 5-6: Positive video signal with negative bi-level sync pulse (SDTV, left) and negative signal
with positive tri-level sync pulse (HDTV, right)

Remote command:
TRIGger:A:TV:POLarity on page 312

Mode
Selects from the following the trigger conditions:

"All Frames" The oscilloscope triggers on the beginning of all video signal frames.

"Odd Frames" The oscilloscope triggers on the beginning of video signal frames with
an odd frame number.

"Even Frames" The oscilloscope triggers on the beginning of video signal frames with
an even frame number.

"All Lines" The oscilloscope triggers on the beginning of all video signal lines.
"Line Number" Triggers on an exact "Line" number.

Remote command:
TRIGger:A:TV:FIELd on page 313

Line
Sets an exact line number if "Mode" is "Line Number". The oscilloscope triggers exactly
on the beginning of the selected line in any field.

Remote command:
TRIGger:A:TV:LINE on page 313
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5.7 Pattern Trigger

The pattern trigger is a logic trigger. It provides any logical combination of the input
channels and supports you in verifying the operation of digital logic. Additionally, you
can set a time limitation to the pattern. Thus you can also trigger on bus patterns of
parallel buses.

The channel pattern is configured in the "Logic Editor" dialog box.

» [Trigger] > "Trigger Type" = "Pattern" > "Edit Pattern"

Logic Editor /
Set All

EEEEEEREE] EEE patten
T T S NN S S ES S " — [ —

0xXX Trigger Mode
Norm

Trigger Type

Duration MOl 1sTrue Pattern

Edit Pattern

Hold Off Bo

Timetl  275.002ps

Timet2  524.998 s

Figure 5-7: Pattern trigger with logic editor

Thresholds

At the bottom of the "Logic Editor", you see the current threshold settings of all chan-
nels. Here, you can directly activate the channels, and change the threshold values.

The thresholds of analog channels are also set in the "Channel <n>" > "Threshold"
menu, see also Chapter 4.3.5, "Threshold Settings", on page 46.

The thresholds of logic channels are set in the "Logic" menu, see Chapter 13.2, "Logic
Analyzer Settings", on page 252.

Logic settings
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H|L|X, SetAll
Defines the pattern by selecting the state "H" (high), "L" (low) or "X" (do not care) for
each active analog and digital channel.

The word length of the pattern depends on the number of available analog and digital
channels.

Analog channels: 2 bit for 2-channel instruments, 4 bit for 4-channel instruments.

Digital (16 bit): the logic channels DO, D1,...,D15 are only available with MSO option
R&S RTB-B1.

Thus the pattern can have 2, 4, 18, or 20 bits.
Use "Set All" to set all channels to the same state.

Remote command:
TRIGger:A:PATTern: SOURce on page 313

And | Or

Sets the logical combination of the channel states.

"AND" All defined states must be true.

"OR" At least one of the defined states must be true.

Remote command:
TRIGger:A:PATTern:FUNCtion on page 314

Duration
The switch has the following two effects:

® Selects the mode of the True | False comparison.
® Enables or disables the Time limitation.

True | False
Defines whether the instrument triggers on fulfillment of the logical condition, or on vio-
lation.

e |f Duration = on, the instrument triggers when the logic combination "Is True" or
"Is False" for a specified time duration.

e [f Duration = off, the instrument triggers when the logic combination is found in the
signal ("Goes True"), or if it disappears ("Goes False").

Remote command:
TRIGger:A:PATTern:CONDition on page 314

Time limitation
To set a time limitation for the pattern, you have several possibilities. They are similar
to the setting of a pulse width, see Chapter 5.5, "Width Trigger", on page 64.
® "Timeout" and "Time t"
Define a minimum time during which the signals match the pattern condition.
e "Width >" or "Width <" and "Time t"
Triggers if the pattern condition changes before or after the specified time.
e "Width =", "Time t1" and "Variation"
Triggers if the pattern condition is fulfilled for a duration "Time t1" + "Variation".
e "Width #", "Time t1" and "Variation"
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Triggers if the pattern condition is fulfilled for a duration shorter than "Time t1" -
"Variation", or longer than "Time t1" + "Variation".

® "Inside", "Time t1" and "Time t2"
Triggers if the pattern condition is fulfilled for a duration between "Time t1" and
"Time t2". These settings are an alternative setting to the definition with "Width =".
The time values are interdependent and adjusted accordingly.

e "Qutside", "Time t1" and "Time t2"
Triggers if the pattern condition is fulfilled for a duration shorter than "Time t1", or
longer than "Time t2". These settings are an alternative setting to the definition with
"Width #". The time values are interdependent and adjusted accordingly.

Remote command:

TRIGger:A:PATTern:MODE on page 315
TRIGger:A:PATTern:WIDTh:RANGe on page 315
TRIGger:A:PATTern:WIDTh[:WIDTh] on page 315
TRIGger:A:PATTern:WIDTh:DELTa on page 316

5.8 Timeout Trigger

The timeout trigger checks if the signal stays above or below the threshold voltage for
a specified time lapse. In other words, the trigger occurs if the trigger source signal
does not cross the threshold during the specified time.

v

y :
> < time

Figure 5-8: Timeout trigger with range Stays High

» [Trigger] > "Trigger Type" = "Timeout"
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Trigger Type

Timeout

Figure 5-9: Timeout trigger menu

Range

Selects the relation of the signal level to the threshold:

Stays High The signal level stays above the trigger level.
Stays Low The signal level stays below the trigger level.

Stays High|Low
The signal level stays above or below the trigger level.

Remote command:
TRIGger:A:TIMeout :RANGe on page 316

Time
Defines the time limit for the timeout at which the instrument triggers.

Remote command:
TRIGger:A:TIMeout:TIME on page 316

Threshold
Threshold of the trigger source channel, used as trigger level for the timeout trigger.

See also "Threshold" on page 47 and "Trigger Level, Threshold" on page 63.

Remote command:
TRIGger:A:LEVel<n>[:VALue] on page 309
CHANnel<m>:THReshold on page 296

Hysteresis
Hysteresis of the trigger source channel, see "Hysteresis" on page 47.

Remote command:
CHANnel<m>:THReshold:HYSTeresis on page 297
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5.9 Trigger Out Signal

The R&S RTB2000 can output a pulse at the Aux Out connector when the instrument
triggers.

1. To output a pulse at a trigger event, configure the Aux Out connector: "Setup”
menu > "Aux Out" > "Trigger Out".
See also: "Aux Out" on page 167.

2. Using remote commands, you can set the pulse width and polarity of the trigger out
pulse. The commands are described in Chapter 15.10.5, "Trigger Out",
on page 432.
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6 Waveform Analysis
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6.1 Zoom

The zoom magnifies a part of the waveform to view more details. The zoom is applied
to all active analog and digital channels and math waveforms.
The following zoom types are available:

® Horizontal zoom: the waveforms are displayed with a shorter time scale while the
vertical scale remains unchanged.

® \lertical zoom: the zoom waveforms are enlarged in vertical and horizontal direc-
tion.

6.1.1 Zooming In
When you activate the zoom, two windows are displayed: the original waveform dia-
gram at the top, and the zoom window at the bottom.

If zoom is active, the time scale of the original waveform diagram is at least 80 ns/div.
When you activate the zoom at a smaller time scale, the instrument changes the time
scale to the minimum value.

» To activate the horizontal zoom, press the [Zoom] key.

» To activate the vertical zoom:

a) Tap the "Zoom" icon on the toolbar.

b) Drag you finger on the screen to draw the diagonal of the zoom area. You can
draw the zoom area on the original waveform, or on an existing zoom wave-
form. A rectangle indicates the zoom area.
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Figure 6-1: Display of horizontal zoom: zoom in bottom window, normal waveform in upper window

1 = Tap to activate zoom settings

2 = Tap to activate normal waveform settings

3 (blue) = Horizontal zoom scale and width of the zoom area
4 (red) = Horizontal zoom position

5 = Acquire mode, can be set in zoom window or in the upper status bar
6 = Horizontal scale and position of the normal waveform
7 = Close zoom window
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Figure 6-2: Display of vertical zoom

6.1.2 Modifying the Zoom

There are several ways to adjust the zoom:
® Use finger gestures on the screen.
® Use the [Scale] and [Position] knobs.

® Tap the zoom scale or zoom position label in the zoom window and enter a value
on the keypad. These settings are horizontal values, which take effect in horizontal
and vertical zoom windows. See number 3 and 4 in Figure 6-1.

® Use the menu to enter exact numerical values. See Chapter 6.1.3, "Zoom Set-
tings", on page 77.

To adjust the zoom using gestures

1. For horizontal and vertical zoom:

a) To change the horizontal zoom position, drag one finger horizontally in the
zoom window.

b) To change the horizontal zoom scale and width of the zoom area, spread or
pinch two fingers in horizontal direction.

2. For vertical zoom only:

a) To change the vertical zoom position, drag one finger vertically in the zoom
window.

b) To change the vertical zoom scale and height of the zoom area, spread or
pinch two fingers in vertical direction.

3. To change the position of the zoom area in vertical zoom:
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Drag the zoom area on the original waveform in the upper window.

To adjust the zoom using the horizontal rotary knobs
1. To set the focus to the zoom window (lower window), tap in the zoom window.

2. For horizontal and vertical zoom:

a) To change the horizontal zoom scale and width of the zoom area, turn the hori-
zontal [Scale] scale knob.
b) To change the horizontal zoom position, turn the horizontal [Position] knob.

3. For vertical zoom only:

a) To change the vertical zoom scale and height of the zoom area, turn the verti-
cal [Scale] scale knob.

b) To change the vertical zoom position, turn the [Offset/Position] knob (upper
knob in Vertical section).

4. To set the focus to the normal waveform, tap the upper window.

Now the knobs are applied to the normal waveform and adjust time scale and hori-
zontal position of the waveform.

6.1.3 Zoom Settings
Zoom settings are listed in the "Horizontal" menu if the zoom is active.

1. If the zoom is off, activate the zoom.

2. Press the [Horizontal] key.

Horizontal
Reference Point
Middle
Time Scale
20ps/
Horizontal Position
0s

Zoom Scale

5 psf

Zoom Position
10

Zoom Scale

Defines the horizontal scale for the zoom window in seconds per division. The scaling
determines the width of the zoom area (12 divisions * scaling per division), the time-
base of the zoom window. The zoom area is indicated in the original waveform window.

"Zoom Scale" has effect only in horizontal zoom.
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Remote command:
TIMebase:Z200M: SCALe on page 317

Zoom Position
Defines the distance of the trigger point to the reference point in the zoom window. The
value determines the position of the zoom area in the upper window.

"Zoom Position" has effect in horizontal and vertical zoom.

Remote command:
TIMebase:Z00M: TIME on page 317

6.2 Mathematics

A math waveform is a calculated waveform. It is calculated out of one or two analog
channels, a constant, or another math waveform using several predefined operations.
You can define up to 5 equations. The complete configuration is called equation set
and can be saved for later use.

You can analyze math waveforms in the same way as channel waveforms: use zoom,
perform automatic and cursor measurements, and save as reference waveform.

When the instrument is in roll mode, some math functions are non-calculable.

6.2.1 Short Menu for Math Waveforms

The math waveform label at the bottom of the screen shows the main settings of the
math waveform: sources, operation, unit, and vertical scale. The short menu shows the
status of all math waveforms.

open short menu

2 = display a math waveform
3 = select a math waveform for scaling and positioning
Menu = open the "Mathematics" menu and "Equation Set Editor"
Off = disable mathematics
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6.2.2 Configuring Math Waveforms

1. Press the [Math] key.

The math waveforms are activated, using the latest settings.

2. Press the [Math] key again.

The "Mathematics" menu and the "Equation Set Editor" are shown.

3. Configure the equations of the math waveforms in the "Equation Set Editor". You
can define up to 5 equations. The complete configuration is called equation set and
can be saved for later use.

a) Tap the row of the math waveform that you want to configure.

b) To activate the math waveform, set its "State".

c) Select the "Operation".

d) Select the "Source(s)", the operands of the mathematical equation: 1 or 2 ana-
log channels, constant values or math waveforms. Only math waveforms of
lower order are available, for example, M2 can be a source for M3, M4, and
M5. For M1, math waveform sources are not available.

e) Select the "Unit".

f) Optionally, add label to the math waveform. The label is shown at the right
edge of the grid.

4. Close the "Equation Set Editor".

5. To adjust vertical scale and position using vertical knobs:

a) Select a math waveform in the short menu.
b) Use the rotary knobs in the Vertical section of the front panel. See: Chap-
ter 4.3.1, "VERTICAL Controls", on page 39.

6. To enter exact values for vertical scale and position:

a) Open the "Mathematics" menu.
b) In the "Equation Set Editor", select a math waveform.
c) Inthe menu, enter "Vertical Scale" and "Position".

6.2.3 Settings for Math Waveforms

In the "Mathematics" menu, you find the general settings for math waveforms. You can:
® Switch mathematics on and off.

® Save configured equations in an equations set file, see Chapter 6.2.5, "Saving and
Loading Formularies", on page 82.

® | oad a previously saved equation set.

e Adjust the display of the math waveform that is selected in the "Equation Set Edi-
tor":

— Vertical position
— \Vertical scale
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Remote commands:

® CAlLCulate:MATH<m>:STATe on page 318

® (CALCulate:MATH<m>:POSition on page 320

® CALCulate:MATH<m>:SCALe on page 320

® \Waveform transfer: see Chapter 15.9.1.3, "Math Waveforms", on page 405

® History data: see Chapter 15.6.5.2, "Displaying History Segments", on page 341
and Chapter 15.6.5.3, "Timestamps", on page 344

6.2.4 Mathematic Functions

When you open the "Mathematics" menu, the "Equation Set Editor" opens in parallel.

Equation Set Editor

State Label Sources) Operation

[ Frer

| Addition Mathematics

B A
2

@ State

Cl Subtraction

|ag Load
Save

2

HAa
2

1 Multiplication

|

Position
— 2 DIy
Division Vertical Scale
100 mv/

Waveform Color
Addition Default

(S 2
2

‘3 Back

3
[\

Figure 6-3: Mathematics menu and Equation Set Editor

The "Mathematics" menu is described in Chapter 6.2.3, "Settings for Math Wave-
forms", on page 79.

In the "Equation Set Editor", you configure up to 5 math waveforms, set their visibility,
and define a label for each waveform. Each equation consists of one or two operands
and an operator. An operand (source) can be an input channel, a constant value, or a
math waveform with lower number.

The following operations are available:
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Addition Source1 + Source2

Adds the values of 2 sources (channel or math waveform, or con-
stant).

Subtraction Source1 - Source2

Subtracts the second source from the first source.

Multiplication Source1 * Source2

Multiplies the two sources.

Division Source1 / Source2

Divides the first source by the second source.

For small amplitudes of the second source, the result increases
quickly. If the second source crosses zero, the result would be a
range of +» to -«. In this case, instead of 0 V, the calculation func-
tion uses the value that the Least Significant Bit (LSB) of the sec-
ond source represents. (For an 8-bit value, for example, 1/256).

Square Source1 * Source1

Squares the source. If the source contains negative values that
have been clipped, then the result contains positive clipping.

SESEEER:

Square Root Square Root (Source)

Eil

Calculates the square root of the source. Note that the square root
of a negative number is undefined and the result is clipped.

Abs. Value |Source|

Calculates the absolute value of the source. All negative values
are inverted to positive values. The positive values remain unmodi-
fied. If the source has negative values that have been clipped, the
result contains positive clipping.

1V / Source
Divides 1V by the source values.

Reciprocal

For small source amplitudes the result increases quickly. If the
source crosses zero, the result would be a range of +« to -«. In this
case, instead of 0 V, 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).

Inverse Inverts all voltage values of the source, i.e. all values are mirrored
at the ground level. Thus, a positive voltage offset becomes nega-
tive. If the amplitude of the source is clipped, the result is the inver-

ted limitation.

= ES
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Common Log. aur log(Source)

7 l l w | Calculates the logarithm to the basis 10 of the source. Note that
the logarithm of a negative number is undefined and the result is
clipped.

=
<
Natural Log. aur In(Source)

7 l l W | Calculates the logarithm to the basis e (Euler number) of the
source. Note that the logarithm of a negative number is undefined
and the result is clipped.

>
C
Derivative ;N— f'(Source)
—_— The derivative corresponds to the rise of the tangent through a

function point and indicates the dimension of the change in quan-
—'ﬁ\"— tity of the source 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.

Integral Calculates the definite integral of the source.

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 posi-
tive 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.

A
o
¥

Use a "V-Marker" cursor to measure the area for an extract of the
waveform.

Remote command:

® CALCulate:MATH<m>[:EXPRession] [:DEFine] on page 319
® (CALCulate:MATH<m>:LABel on page 319

® CALCulate:MATH<m>:LABel:STATe on page 320

6.2.5 Saving and Loading Formularies

You can save equation sets with up to 5 formularies in the internal storage of the instru-
ment, or to USB flash drive, and load them later. Furthermore, you can move or copy
saved equation sets from internal storage to USB flash drive, and vice versa, see
Chapter 9.6, "Export and Import", on page 164.

To save an equation set
1. In the "Mathematics" menu, tap "Save".

2. Select the "Destination": internal storage or USB, and the directory.
The destination /USB_FRONT is only active, if a USB flash drive is connected to the
front USB port.
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3. Enter the filename.
4. Optionally, enter a comment.

5. Tap "Save".

6.3 Reference Waveforms

To compare waveforms and analyze differences between them, you can display refer-
ence waveforms.

Reference waveforms are waveform data stored in the internal reference storages.
Four reference waveforms are available and can be displayed: R1 to R4.

The display of a reference waveform is independent from the display of the source
waveform; you can change the vertical and also horizontal scales and positions. The
current scale values are shown in the waveform label of the reference waveform.

Short menu

The short menu shows the status of all reference waveforms.

1 = select a reference waveform
2 = display a reference waveform
3 = Reference waveform label with vertical and horizontal scale, reference number and source waveform

File format

Waveforms can be saved as reference waveforms. The file format is TRF. Files can be
saved to and loaded from internal memory or external USB flash device.

TREF is the specific binary format for reference waveforms of the R&S RTB2000. It con-
tains the amplitude value of each sample that is displayed on the screen (8 bit or 16 bit
long). For peak-detect waveforms, 2 values per sample are saved. The file contains
also 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 RTB2000.
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6.3.1 Using References

To create and display a reference waveform

1. To activate the reference waveform and open the "References" menu, press the
[Ref] key twice.
2. To create a reference waveform from an active waveform:

a) Select the "Source" waveform.
b) Select the target "Reference".
c) Tap "Copy"

The new reference waveform is created on top of its origin, and it has the focus.

3. To change the scaling and position, use the horizontal and vertical [Position] and
[Scale] knobs.

See also:
e Chapter 4.3.1, "VERTICAL Controls", on page 39
e Chapter 4.4.1, "HORIZONTAL Controls", on page 49

To save a waveform as reference waveform

You can save any active waveform directly as reference waveform to a file.

—_

To open the "References" menu, tap the  menu icon and select "References".
Tap "Save Reference".
Select the waveform that you want to save: "Source".

2
3
4. Tap "Destination".
5. Select the "Location" (internal or USB).
6

If you save the file on USB flash device, you can set a target folder.

a) Double-tap the target folder. If the folder does not exist, you can create a new
one.
The folder opens.

b) Tap "Accept Dir." .

7. If necessary, change the "File Name".
8. Optionally, add a comment.

9. Tap "Save"

10. Close the dialog box.

To load a reference waveform
1. To open the "References" menu, tap the  menu icon and select "References".
2. Select the target "Reference" waveform.

3. Tap "Load Reference".
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4. Select the "Location", the folder, and the reference file.
5. Tap "Load".

The instrument writes the waveform data to the selected reference waveform and
displays it.

6.3.2 Settings for Reference Waveforms

» To open the "References" menu:

a) Tapthe menu icon in the lower right corner of the screen.
b) Scroll down. Select "References".

Source
C1
Reference

R2

(&Y Copy
State fo

|ﬂ Load Reference

Save Reference

Waveform Color
Default

Label

[0 T=To IR T= ] (1] o J 86
SAVE REFEIENCE. ..o ettt e e e e e e e e e e eeaenes 86
AT 2NV (o] g T O 0] [ N 87
1= 0 1= IR 87
L Bttt ettt ettt et e ettt ettt et e e e e e et eeenens 87
e - o= TSSO 87
L Predefined Label............c.ceveueeeeeeeeeeeeeeeeeeeeee st eeess s esenan s e esseenns 87
O L T Y=Y OO 87
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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 321
REFCurve<m>:SOURce:CATalog? on page 321

Reference
Selects one of the four possible reference waveforms.

Copy
Copies the "Source" waveform to the selected reference waveform. The reference
waveform is kept until you update it or load another waveform to the reference.

Remote command:
REFCurve<m>:UPDate on page 322

State
Activates the reference waveform and displays it.

Remote command:
REFCurve<m>:STATe on page 322

Load Reference
Provides functions to load a reference waveform.

Select the "Location" of the waveform file (internal or USB), and the file. Tap "Load Ref-
erence".

You can also delete obsolete files in the dialog box.

Remote command:
REFCurve<m>:LOAD on page 322

Load Setup

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 and never written
to a USB flash device.

Load the reference waveform first, and then the settings. If settings were not stored,
"Load Setup" is not active.

Remote command:
REFCurve<m>:LOAD:STATe on page 323

Save Reference
Opens a dialog box to save a waveform as reference waveform:

"Source" Select the waveform to be saved. You can save any active analog
channel, math or reference waveform, or logic pod.

"Destination” Select the "Location" (internal directory or USB flash device), and the
target directory.

"File Name" Enter the filename. If a file with the same filename already exists in
the destination directory, it will be overwritten without notification.
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"Comment" Optionally, enter text to describe the waveform.
"Save" Saves the data.

Remote command:
REFCurve<m>:SAVE on page 322

Waveform Color
Selects a color for the reference waveform. The default color is white. You can select
another monochrome color, or a color scale.

The color scales are described in "Waveform Color" on page 45.

Remote command:
REFCurve<m>:WCOLor on page 324

Label
Opens a menu to specify user-defined text labels for the individual reference wave-
forms.

Bit «— Label
Selects the reference waveform for labeling.

Label — Label
Enables or disables the user-defined label for the selected reference waveform.

Predefined Label — Label
Selects a predefined label text. You can edit the text with "Edit Label".

Edit Label — Label
Opens on-screen keypad to enter a label text. If you previously have selected a prede-
fined label, 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 keypad can be used.

Remote command:
REFCurve<m>:LABel on page 324

6.4 History and Segmented Memory (Option R&S RTB-
K15)

Using the history and segmented memory, you can access the data of previously
acquired waveforms and analyze them. For example, you can analyze signals that
occur in short bursts with long idle times, packet communication on serial buses, radar
pulses, and laser pulses. The segmented memory is used to store the waveforms and
provides a segment table to analyze the stored waveforms.

You can analyze history segments in the same way as the waveform of the latest
acquisition. All R&S RTB2000 measurement and analysis tools are available: zoom,
cursor measurements, quick and automatic measurements, mask test, serial protocol
analysis, mixed-signal functions and so on.
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The segment table and the waveform data of history segments can be saved to file.

The fast segmentation mode reduces the blind time of the acquisition.

6.4.1 Segmented Memory

If an acquisition runs, the instrument stores the captured data in the memory, pro-
cesses the data and displays the waveform. The segmented memory keeps the data of
the displayed waveform and also the data of the waveforms that have been captured
before. Each stored waveform is called a segment. The record length of the segments
can be defined. The number of segments depends on the record length. The shorter
the record length, the more segments can be saved.

Total memory - 10 segments

4 waveforms acquired - 4 segments I

Segmented
memory at
time = ts Discarded

earlier I

waveforms | ts ty : ts
I 12 waveforms acqwred - 10 segments I
( \ -9 -8 -7 -6 0
Segmented TRCEE TWE: DR S SRR AR A SR AN A s e i
e 11 O 0 0
time = t13 - = m amas® B a® By F Tammas® Bosoot fmmmms
R eereene LR 4 4 X X ! ! A i L
H H I I I I ) I I v LAg
bt Y t5 te oot tg tyg ty b Mg

Figure 6-4: Segmented memory. In this example, the memory can store 10 segments.

Each segment has a timestamp time to identify when the events took place.

The history can access the stored segments and display them. When you start a new
acquisition, the memory is cleared and the segments are written anew.

The history stores the following data during acquisition:

® All active analog channels.

® All logic channels if at least one logic is active (with option R&S RTB-B1).

® Decoded bus data if the bus is active (with at least one serial protocol option, for

example, R&S RTB-K1 or -K2).
Fast segmentation

During normal acquisitions, only a short time of the acquisition cycle is used for sam-
pling; processing and display take most of the time. The processing and display time is
blind time causing a gap in the recorded signal. Usual acquisitions can miss very short-
time and infrequent events occurring during the dead time.

To reduce the dead time and thus the probability of missed events, fast segmentation
is provided.
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With fast segmentation, subsequent triggered acquisitions are captured very fast, with
hardly any dead time between the acquisitions. After the acquisition of all segments
has been completed, the data is processed and the latest waveform is displayed.
Using the history viewer, you can view and analyze all stored waveform segments.

6.4.2 Activating the History

To activate the history

1. Tap the "Menu" icon.
2. Select "History".

3. Enable "Show History".

The segment table and the history player are shown.

4. Stop the acquisition.

The captured segments are listed in the segment table, and the buttons in the his-
tory player are active.

To disable the history

» In the history player, tap "Exit".

If you close only the segment table, you can use the history player and see the
waveform segments in greater detail. To open the segment table again, open the
"History" menu, and tap "Show History".

6.4.3 History Settings

History and segmentation settings are located in the "History" menu. The "Acquisition”
provides an additional setting: "Nx Single".
1. Activate the history.

2. If you want to set an individual record length or segment number, disable "Auto".

If "Auto" is enabled, the record length is selected in the "Acquisition" menu.

3. Set the "Record Length", or "No. of Segments".

The record length and the number of segments are interdependent, if one parame-
ter is set, the other is adjusted by the instrument.

4. If necessary, enable Fast Segmentation.

5. Set the number of waveforms to be captured by a [Single] acquisition:

a) Press the [Acquisition] key.
b) Set Nx Single.
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Auto N |

Record Length
3 MSa

No. of Segments
134

Total Memory
402,014 M5a

Fast . | I
Segmentation

Show History [ ©

The "History" menu has the following settings:

Auto
Defines how the record length and number of segments are set: automatically by the
instrument, or by setting the record length or number of segments manually.

In automatic mode, you can adjust the record length in the "Acquisition" menu. Auto-
matic setting of the number of segments takes effect only if auto trigger is set. When
you change from auto to normal trigger mode, the current segment size remains.

Remote command:
ACQuire:MEMory [ :MODE] on page 338

Record Length

Shows or sets the record length, depending on the selected "Auto" mode. Record
length is the number of waveform samples that are stored in one waveform record. The
number of available history segments is adjusted automatically.

Remote command:
ACQuire:POINts:AUTomatic on page 301
ACQuire:POINts[:VALue] on page 301

No. of Segments

Shows or sets the number of history segments in the memory, depending on the
selected "Auto" mode. The record length is adjusted accordingly. When you change the
number of segments, the history is deleted.

See also: Chapter 6.4.1, "Segmented Memory", on page 88

Fast Segmentation

If enabled, the acquisitions are performed as fast as possible, without processing and
displaying the waveforms. When acquisition has been stopped, the data is processed
and the latest waveform is displayed. Older waveforms are stored in segments. You
can display and analyze the segments using the history.

See also: Chapter 6.4.1, "Segmented Memory", on page 88
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Remote command:
ACQuire:SEGMented:STATe on page 340

Show History
Enables or disables the history.

6.4.4 Segment Table and History Player

The memory segments are continuously written when an acquisition is running. When
you activate the history, the segment table opens but it is empty when the acquisition is
running. When you stop the acquisition, the captured segments are listed in the seg-
ment table, and the history player becomes active.

The segment table shows the index and timestamp of all history segments, and
whether the segment was captured on a trigger event or in auto mode. Below the table,
you find the history player with functions to view the segments that are stored in the
memory.

The history segments store the data of the currently active channels. You can acquire
several channels at once, and display and analyze the channels individually.

You can show all history segments in sequence, or display a single segment.
To display history segments
1. Activate the history.

Stop the acquisition.

Set the "Time Format" to be shown in the table: absolute or relative time.

2
3
4. Setthe "Speed".
5. To play all segments once, tap "Run".
6

To play all segments repeatedly:

a) Enable the "Repeat" button.
b) Tap "Run".

7. To access a particular segment, you can:
e Tap the segment in the segment table.
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Drag the slider until the required segment number is shown.
Tap "Number" and enter the segment number. The newest segment has always
the number "0". Older segments have a negative number.

e Use "Prev." and "Next" to show the adjacent segment.

8. If the history segments contain the data of several channels and you want to ana-
lyze only one or several channels, disable all channels that you do not need.

Functions in the segment table and history player

Time Format

Sets the format of the timestamp. The timestamp shows the time of the currently dis-
played history segment. Thus, the time relation between acquisitions is always availa-
ble. More precisely, the timestamp is the time of the trigger event.

The timestamp can be absolute or relative:

® Absolute: Date and daytime of the trigger event of the displayed segment.
Depending on the horizontal position, the waveform can be captured up to 100,000
seconds after the trigger event, and thus after the displayed timestamp. The instru-
ment considers this delay automatically, all measurements are related to the trigger
event.

® Relative: time difference of the current segment to the newest segment (index = 0).

Remote command:
Chapter 15.6.5.3, "Timestamps", on page 344

Save

Saves the segment table to a CSV file on a connected USB flash drive. The file con-
tains all timestamps: relative time, time to previous, and absolute time. To save the
waveform segments, use [Save Load] key > "Waveforms".

See also: Chapter 6.4.5, "Exporting History Data", on page 93.

Remote command:

EXPort:ATABle:NAME on page 348

EXPort:ATABle:SAVE on page 349

Play
Starts and stops the playback of the history segments.

Remote command:
...:HISTory:PLAYer:STATe

Prev.
Steps back to the next older segment.

Next
Steps forward to the next newer segment.

Repeat
If selected, the playback of the selected history segments repeats automatically.

Remote command:
...:HISTory:REPLay
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Speed
Sets the speed of the history playback: automatic, slow, middle, or fast.

Remote command:
...:HISTory:PLAYer:SPEed

Number

Accesses a particular history segment in the memory to display it. The newest acquisi-
tion segment has always the index "0". Older segments have a negative index. You
can also drag the slider, which is above the icons. The current segment is shown in the
index bar.

Remote command:
...:HISTory:CURRent

Overlay
Displays the segments with infinite persistence. Thus, you can see all data points of all
displayed segments of a player cycle.

Average

Calculates and displays the average of the current segment and the segments before.
At the newest segment, the average of all segments is shown. Player restart resets the
average calculation. Average requires a stable, triggered and repetitive signal.

Envelope

Displays the envelope that is built from the maximum and minimum values of the cur-
rent segments and the segments before. At the newest segment, the envelope of all
segments is shown. Player restart resets the envelope calculation.

Exit
Disables the history, and closes the segment table and the history player.
6.4.5 Exporting History Data
Data of history segments can be saved to files on a USB flash drive even if the history
is not active ("Show History" is disabled). You can select to save all visible channels, or

one channel. In addition, you can save the complete time information of the segment
table.

6.4.5.1 Saving History to File

Before you can save history data, acquire the waveform and activate the history, so
that the segment table is visible.

To save the waveform history segments
1. Connect a USB flash drive to the instrument.
2. Press the [Save Load] key.

3. Select "Waveforms" in the menu.
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Under "Points", select "History Data".

Waveform Analysis

Under "Source", select whether you want to store all visible channels, or one of

them.

Enter the "File Name". This name is the name of the folder that contains the seg-

ment files.
The file format is CSV.

Save - Waveforms
Destination
JUSB_FRONT
Fila Name
HIST_AO3
Format Source
Vis. Channels v

Samples: 107 144 x 2

No. of Segments: 32

File size {approx.): 3 558 kB
Time required (approx.): 6 min

Sample number may be reduced due to running acquisition.

Save

Auto Name

X

Points

History Data

To select the target folder, tap the "Destination" field.
The location is always "/USB_FRONT", saving to internal storage is not provided.

Tap "Save".

A message shows the progress of the saving process.

Close the dialog box.

To save the segment table

1.

6.4.5.2

2
3
4.
5
6

Connect a USB flash drive to the instrument.

In the segment table window, tap "Save".
To select the target folder, double-tap it.
Tap "New File".

Enter the filename.

Tap "Enter".

The file is saved immediately, and the window is closed.

File Organization and Content

The segment table and history segments are saved to CSV files.
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Segment table

The segment table file contains all information that is shown in the table, and also all
timestamps: relative time, time to previous, and absolute time.

1 Date Time
2|Start of Acquisition 2017-10-13 [13:55:19 |
Last Acquisition ~ 2017-10-13 135527
Acquisitions 23
Number Relative Time Time to Previous Date Time Trigger

0-0.000000000000000E+00 5.029015392000000E-01 2017-10-13 13:55:27 0.0000000000E+00  Auto
-1-5.029015392000000E-01 1.234122592000000E-01 2017-10-13 13:55:26 4.9709846080E-01 Trg'd
-2-6.263137984000000E-01 1.004664000000000E-02 2017-10-13 |13:55:26 3.7368620160E-01 Trg'd
-3-6.363604384000000E-01 '1.001169600000000E-02 12017-10-13 /13:55:26 13.6363956160E-01 Tra'd

W= |e|w

Figure 6-5: Content of a segment table file

Waveforms

Each history segment is saved to a separate file, and all segment files are written to a
folder that contains only the files of the saved acquisition. You can specify the name of
the folder. The names of the data files include the segment index.

Figure 6-6: Content of a history waveform folder

The data files contain the time and voltage data of the samples. If you save all visible
channels, the voltages of all channels are written into one file.

ins,C1in% 02 inY

-3.00000E-04 -5.518E-03 2.540E-01
-2 99994E-04 -5.952E-03 2. 510E-01
-2 99939E-04 -5.952E-03 2.515E-01
-2 99953E-04 -5.952E-03 2. 510E-01
-2 99978E-04 -5.006E-03 2.515E-01
-2.99972E-04 -5.952E-03 2 .530E-01
-2 9995RE-04 -9 424E-03 2.505E-01
-2.99951 E-04 -5.952E-03 2 .500E-01
-2 99955E-04 5. 494E-03 2. 544E-01
-2 99950E-04 -5.518E-03 2.505E-01

Figure 6-7: Content of a history segment file, two channels are saved
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In addition to the data files, an index file is written. The index file delivers information
on the files and the segments. For each segment, the segment index, save date and
time, and the filename is listed.

Murmber Date, Time Thousandths in ms Filename
0,2017-04-18,16:18:10 0.000000000e0,C1_0.C5Y
-1,2017-04-18 16:18:09 994 500019200e-3,C1_1.CEW
-2, 2017-04-18 16:18:09 989.699993500e-3,C1_2 CEW
-3,2017-04-18 16:18:03 9534 .800000000e-3,C1_3.C5Y
-4 2017-04-18 16:18:09 979 499951600e-3,C1_4.C5Y
-5 2017-04-18 16:18:09 974 599951600e-3,C1_5.C5Y

Figure 6-8: Content of a history index file

6.5 Search

6.5.1 Search Conditions and Results

The search functions of R&S RTB2000 can 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 channel, math or refer-
ence waveforms, available sources depend on the search type.

To configure the search

1. Press the [Search] key.

2. Select the waveform that you want to search for events: "Source".
3. Select the event type that you want to find: "Search Type".

4. Configure the search conditions: "Setup".

The found events and the search conditions are shown in the result table at the bottom
of the display. The table shows the following result values: result number, time value,
and optional value depending on the search type (voltage, width).

During running acquisition, the results in the table are updated continuously, and the
events are marked at the top of the diagram by a brown triangle outline.
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Figure 6-9: Search results and settings during running acquisition
Remote commands to get search results:
® SEARch:RCOunt? on page 338
® SEARch:RESult:ALL? on page 337
® SEARch:RESult<n>? on page 337
® SEARch:RESDiagram:SHOW on page 336
® SEARch:RESult:BCOunt? on page 336
To display search results
When the acquisition is stopped, you can browse the search results.
1. Stop the acquisition.
2. Tap the search result that you want to analyze. If necessary, scroll the list.
The selected event is marked by a filled triangle and a magnifying glass.
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3. Inthe "Search" menu, select "Track event".

The selected event is moved to the reference point. If you select another event, it is
shown at the same position.

To save search results
1. In the upper right corner of the search result table, tap the "Save" symbol.
2. Connect a USB flash drive if you want to save the data outside the instrument.

3. Select the correct "Destination" and the path.
You can also store the data on the instrument. Therefore, select the "Destination"
"/INT/SEARCH".

4. If necessary, change the filename and enter a comment.
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5. Tap "Save".
The data is saved to a CSV file.

6.5.2 General Search Settings

General search settings are independent of the search type. They are described in the
current section. The specific settings for individual search types are described in the
following sections.

» To open the "Search" menu, press the [Search] key.

Search

Search Type
Edge
Source

C1

Setup

Track Event

Save

Search
Enables and disables the search mode.

Remote command:
SEARch:STATe on page 325

Search Type
Selects the event type you want to search for.

"Edge" 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 6.5.3, "Edge Search", on page 101.

"Width" The width search finds pulses with an exact pulse width, or pulses
shorter or longer than a given time, or pulses inside or outside the
given time range. It is similar to the width trigger.

For settings, see Chapter 6.5.4, "Width Search", on page 102.

"Peak” The peak search finds pulses exceeding a given peak-to peak value.
For settings, see Chapter 6.5.5, "Peak Search", on page 103.
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"Rise/Fall time" 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 a given time range.

For settings, see Chapter 6.5.6, "Rise/Fall Time Search",
on page 103.

"Runt" The runt search finds pulses lower than normal in amplitude. In addi-
tion, you can define a time limit for the runt.
For settings, see Chapter 6.5.7, "Runt Setup”, on page 105.

"Data2Clock"  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.

For settings, see Chapter 6.5.8, "Data2Clock", on page 106.

"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.
For settings, see Chapter 6.5.9, "Pattern Search", on page 108.

"Protocol" The protocol search finds various events in decoded data serial sig-
nals. The events are protocol-specific and correspond to the trigger
settings of the serial protocol.

Remote command:
SEARch :CONDition on page 325

Source
Selects the waveform to be analyzed by search. Available sources depend on the
selected search type.

Edge, width and pattern search you can perform on analog and logic channels. Peak,
rise/fall and runt search are possible on active analog channels, math and reference
waveforms. For Data2Clock search, you need two active analog channels.

For protocol search, select the configured bus.

Remote command:
SEARch : SOURce on page 326

Setup
Opens a menu to define the search parameters for the selected search type.

Track event
If enabled, the selected result is moved to the reference point. Thus you can always
see the selected event in the diagram.

Save
Opens a dialog box to save the search results. The file format is CSV.

Remote command:
EXPort:SEARch:NAME on page 338
EXPort:SEARch:SAVE on page 338
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6.5.3 Edge Search

Similar to the edge trigger, an edge search result is found when the waveform passes
the given level in the specified direction.

» [Search] > "Search Type" = "Edge" > "Setup”

Slope
Sets the slope to be found: rising, falling, or both slopes.

Remote command:
SEARch:TRIGger :EDGE: SLOPe on page 326

Level
Sets the voltage level for the search. To let the instrument set the level, tap "Find
Threshold".

Remote command:
SEARch:TRIGger:EDGE:LEVel on page 326

Hysteresis

Sets a hysteresis range to the search level to avoid unwanted search results caused
by noise oscillation around the level. To let the instrument set the hysteresis, tap "Find
Threshold".

For arising 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 327

Find Threshold
Analyzes the signal, sets the level to 50% of the signal amplitude, and also sets the
hysteresis.
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6.5.4 Width Search

The 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. It is similar to
the width trigger.

» [Search] > "Search Type" = "Width" > "Setup"

Polarity
Indicates the polarity of the pulse to be searched for.

Remote command:
SEARch:TRIGger:WIDTh:POLarity on page 327

Level
Sets the voltage level on which the pulse width is measured. To let the instrument set
the level, tap "Find Threshold".

Remote command:
SEARch:TRIGger:WIDTh:LEVel on page 327

Hysteresis

Sets a hysteresis range to the search level to avoid unwanted search results caused
by noise oscillation around the level. To let the instrument set the hysteresis, tap "Find
Threshold".

Remote command:
SEARch:TRIGger:WIDTh:LEVel : DELTa on page 327

Comparison
Sets the condition how the measured pulse width is compared with the given limits.
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The comparison works like the comparison of the width trigger, see Chapter 5.5, "Width
Trigger", on page 64.

Remote command:
SEARch:TRIGger :WIDTh:RANGe on page 328

Width
Sets the reference pulse width, the nominal value for comparisons.

Remote command:
SEARch:TRIGger :WIDTh:WIDTh on page 328

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 328

6.5.5 Peak Search
The peak search finds pulses exceeding a given peak-to-peak value (magnitude).

» [Search] > "Search Type" = "Peak" > "Setup"

Polarity
Indicates the polarity of the pulse to be searched for a peak.

Remote command:
SEARch:MEASure:PEAK: POLarity on page 329

Magnitude
Sets the peak-to-peak limit. If the signal exceeds this limit, a search event is listed.

Remote command:
SEARch:MEASure:LEVel: PEAK:MAGNitude on page 329

6.5.6 Rise/Fall Time Search

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.
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» [Search] > "Search Type" = "Rise/Fall Time" > "Setup"

Edge

Sets the slope to be found:

® "Rising" to search for rise time

e "Falling" to search for fall time

® "Both" to search for rise and fall time

Remote command:
SEARch:TRIGger:RISetime:SLOPe on page 329

Upper Level, Lower Level

Set the upper and lower voltage thresholds. When the signal crosses the first level, the
rise/fall time measurement starts. It stops when the signal crosses the second level. To
let the instrument set the levels, tap "Find Threshold".

Remote command:
SEARch:TRIGger:LEVel :RISetime:LOWer on page 329
SEARch:TRIGger:LEVel :RISetime:UPPer on page 329

Comparison
Sets how the measured rise or fall time is compared with the given limits.

"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.

"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.
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Remote command:
SEARch:TRIGger:RISetime:RANGe on page 330

Rise/Fall Time
Sets the reference rise or fall time, the nominal value for comparisons.

Remote command:
SEARch:TRIGger:RISetime: TIME on page 330

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 330

6.5.7 Runt Setup

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.

» [Search] > "Search Type" = "Runt" > "Setup"

Polarity
Indicates the polarity of the pulse to be searched for.

Remote command:
SEARch:TRIGger :RUNT:POLarity on page 331
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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 331

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 331

Comparison
Sets the condition how the measured runt width is compared with the given limits.

The comparison works like the comparison of the width trigger, see Chapter 5.5, "Width
Trigger", on page 64.

Remote command:
SEARch:TRIGger : RUNT : RANGe on page 331

Width
Sets the reference runt pulse width, the nominal value for comparisons.

Remote command:
SEARch:TRIGger :RUNT:WIDTh on page 332

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 332

6.5.8 Data2Clock

The Data2Clock search - also known as setup/hold search - finds violation of setup
and hold times. It analyzes the relative timing between two signals: a data signal and
the synchronous clock signal.

Many systems require, that the data signal must be steady for some time before and
after the clock edge. 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.

» [Search] > "Search Type" = "Data2Clock" > "Setup”

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.
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Clock
Selects the input channel of the clock signal.

Remote command:
SEARch:TRIGger:DATatoclock:CSOurce on page 332

Data
Selects the input channel of the data signal.

Remote command:
SEARch : SOURce on page 326

Level

Set the voltage levels for clock and data signals. The crossing of clock level and clock
edge defines the start point for setup and hold time. The data level defines the thresh-
old for data transition. To let the instrument set the level, tap "Find Threshold".

Remote command:
SEARch:TRIGger:DATatoclock:CLEVel on page 333
SEARch:TRIGger:DATatoclock:DLEVel on page 333

Hysteresis

Sets a hysteresis range to the search level of the selected signal to avoid unwanted
search results caused by noise oscillation around the level. To let the instrument set
the hysteresis, tap "Find Threshold".

Remote command:
SEARch:TRIGger:DATatoclock:CLEVel:DELTa on page 333
SEARch:TRIGger:DATatoclock:DLEVel :DELTa on page 333

Polarity
Sets the edge of the clock signal to define the start point for the setup and hold time.
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"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. Use this setting, for example, for signals with double
data rate.

Remote command:
SEARch:TRIGger:DATatoclock:CEDGe on page 333

Setup Time
Sets the minimum time before the clock edge while the data signal must stay steady
above or below the data level.

Remote command:
SEARch:TRIGger:DATatoclock:STIMe on page 333

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

Remote command:
SEARch:TRIGger:DATatoclock:HTIMe on page 333

6.5.9 Pattern Search
For pattern search, up to four analog channels can be used as source. If MSO option
R&S RTB-B1 is installed, also digital channels can be included in the pattern. 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 transi-

tions inside or outside this time range.

» Select [Search] > "Search Type" = "Pattern" > "Setup".
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Threshold, Hysteresis

Sets the search threshold value for each analog channel. If the signal value is higher
than the threshold, the signal state is high. Otherwise, the signal state is considered
low.

For each analog channel, set a hysteresis to avoid unwanted search results caused by
noise oscillation of the signal.

Remote command:

SEARch:TRIGger :PATTern:LEVel<n> on page 335
SEARch:TRIGger:PATTern:LEVel<n>:DELTa on page 335

H|L|X, SetAll
Defines the pattern by selecting the state "H" (high), "L" (low) or "X" (do not care, the
channel does not affect the search) for each active analog and digital channel.

The word length of the pattern depends on the number of available analog and digital
channels. Logic channels are only available with MSO option R&S RTB-B1. Use "Set
All" to set all channels to the same state.

Remote command:
SEARch:TRIGger:PATTern: SOURce on page 334

AND, OR, NAND, NOR
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.
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"NOR" "Not or" operator, no channel has the required state.

Remote command:
SEARch:TRIGger:PATTern:FUNCtion on page 334

Comparison

Sets the condition how the duration of a steady pattern is compared with the given
limit. The three settings "Width" "Variation" and "Comparison" define the time range
how long the true result of the state pattern must be valid.

The comparison works like the comparison of the width trigger, see Chapter 5.5, "Width
Trigger", on page 64.

Remote command:
SEARch:TRIGger:PATTern:WIDTh:RANGe on page 335

Width
Sets the limit time of a steady pattern, the nominal value for comparisons.

Remote command:
SEARch:TRIGger :PATTern:WIDTh[:WIDTh] on page 336

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 336
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7 Measurements

7.1 Quick Measurements

Measurements

Quick measurement performs a set of automatic measurements on the selected input
channel. The measurements cannot be configured. The results are displayed directly
at the waveform (WF) or in the bottom result line (L) and are updated continuously.

If the instrument detects a period in the signal, the quick measurement measures the
first cycle and displays the results. If no period is detected, it measures the complete

waveform.

» Press the [QuickMeas] key to activate quick measurement.

Table 7-1: Results of quick measurement

Label Description Display
Vp+ Positive peak value WF

Vp- Negative peak value WF

tr Rising time of the first rising edge WF

tf Falling time of the first falling edge WF
MeanCyc Mean value WF
RMS-Cyc RMS L

T Period length L

f Frequency L

Vpp Peak to peak value L
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Quick measurement is not available on math and reference waveforms. Channels
other than the selected one are switched off in quick measurement mode. When quick
measurement is active, cursor measurements are not possible, but you can use auto-
matic measurements in parallel.

» Press the [QuickMeas] key again to deactivate quick measurement.

The results are deleted on the display.

Remote commands:

® MEASurement<m>:AON on page 349

® MEASurement<m>:AOFF on page 350

® MEASurement<m>:ALL[:STATe] on page 350

® MEASurement<m>:ARESult? on page 350

7.2 Automatic Measurements

You can perform up to 4 different measurements simultaneously.

To configure automatic measurements in the Measure menu
1. Press the [Meas] key.

2. In the menu, select the "Meas. Place", the number of the measurement that you
want to configure.

3. If the measurement is off, enable "Measure <n>".

4. Select the measurement type:

a) Tap "Type"
b) Select the tab of the required measurement category.
c) Select the measurement type.

The measurement types are described in Chapter 7.2.2, "Measurement Types",
on page 114.

5. Select the "Source".
The selection list shows all possible sources. If the waveform is not active, it is acti-
vated automatically when selected as measurement source.

6. Some measurement types require additional settings. Scroll down the menu, and
adjust the additional settings if necessary.
See also: Chapter 7.2.3, "Settings for Automatic Measurements", on page 118.

7.2.1 Measurement Results

The measurement results are shown in a line below the grid.
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Figure 7-1: Results of four active measurements

If a result cannot be determined, "?" is displayed. Adjust the horizontal and vertical set-
tings if the instrument cannot measure.

If the measurement result is outside the measurement range and clipping occurs, the
results are marked with "clipping+" or "clipping-". Adjust the vertical scale to get valid
results.

Remote commands are described in:
® Chapter 15.7.2.2, "Measurements Results", on page 354

7.2.1.1 Statistics

In addition to the current measurement results, you can enable a statistic evaluation. It
returns the current, minimum and maximum measurement values, the average and
standard deviation, and the number of measured waveforms. The results are shown in
a separate tab below the grid. If the cursor measurement is active simultaneously, its
results are shown beside the statistic results.

e A A Q A A AR A [\
VAVAVAVAVAVAVAVAVAVAY

% Measure X Statistics

Type Current Minimum Maximum fflean StdDev Wave count
49.9955 kHz 49.9615 kHz 50.044 kHz 49,9997 kHz 11.2105 Hz 267
9.9999 kHz 9.9999 kHz 10.0002 kHz 9.99993 kHz 53.6 mHz 267

Figure 7-2: Statistic results of four active measurements
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Measurements

To delete all measurement results, and to restart statistical evaluation, tap the

"Reset" button.

2. To write statistic and measurement results to CSV file, tap the "Save" button.

You can save the statistic results to CSV file for further evaluation. The flie contains the
statitic values shown on the screen, and also the measurement results of each mea-
sured waveform.
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Figure 7-3: Exported statistic results, converted to columns with comma delimiter

7.2.2

Measurement Types

The R&S RTB2000 provides many measurement types to measure time and amplitude
characteristics, and to count pulses and edges.
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7.2.21 Horizontal Measurements (Time)
Meas. type Symbol Description Graphic / formula
Frequency f Frequency of the signal, reciprocal value of the measured f= 1T/ T
in Hz first period. «
50%:-#
Period T Time of the first period, measured on the 50% level. The T .
ins measurement requires at least one complete period of the
signal.
50%- ! :
Duty Cycle + Dty+ Width of the first positive pulse in relation to the period in %. | Dty+ =t+/T * 100%
in % The measurement requires at least one complete period of OX% T 190%
the signal. t+
——P|
Duty Cycle - Dty- Width of the first negative pulse in relation to the period in Dty-=t-/T*100%
in % %. The measurement requires at least one complete period OX% T 1q0%
of the signal. +
—>
Rise Time tr Rise time of the first rising edge, the time it takes the signal Rise
ins to rise from the 10% level to the 90% level. 90% P
10% d
Fall Time tf Fall time of the first falling edge, the time it takes the signal Fall
ins to fall from the 90% level to the 10% level. 90% Y
10% "
Pulse Width + PW+ Duration of the first positive pulse: time between a rising t+
ins edge and the following falling edge measured on the 50%
level. | |
50% ®
Pulse Width - PW- Duration of the first negative pulse: time between a falling t-
ins edge and the following rising edge measured on the 50% 4
level. i :
50% ] 13
Delay Dly Time difference between two slopes of the same or different
ins waveforms, measured on the 50% level. !
At
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Meas. type Symbol Description Graphic / formula
Phase Phs Phase difference between two waveforms, measured on the | Phase = At/ T * 360°
o 50% level.
in ‘ | It
0% 1 v i100%
At
s e
Slew rate+ Slewrt+ Steepness of the first rising edge, measured between the Slewrt = AV / At
reference levels 10% and 90% At
P
90%
TAV
10% prooee¥
Slew rate- Slewrt- Steepness of the first falling edge, measured between the Slewrt = AV / At
reference levels 90% and 10% At
P
90% RO
IAV
10%- o
Burst Width Bst Duration of one burst, measured on the middle reference
level from the first edge to the last edge.
7.2.2.2 Vertical Measurements (Amplitude)
The unit of most amplitude measurement results depends on the measured source.
Meas. type Symbol Description Graphic / formula
Amplitude VAmp Difference between the top level and the base level of the A R —
signal. The measurement requires at least one complete .
period of the signal. Amplitude
Base s
Top Level Vtop High level of the displayed waveform - the upper maximum Top v f\ g
of the sample distribution, or the mean value of the high
level of a square wave without overshoot. The measure-
ment requires at least one complete period of the signal.
Base Level Vbase Low level of the displayed waveform - the lower maximum
of the sample distribution, or the mean value of the low level
of a square wave without overshoot. The measurement
requires at least one complete period of the signal. Base - et
Mean Cycle MeanCyc | Mean value of the left-most signal period.
inV
DC-# $
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Meas. type Symbol Description Graphic / formula
RMS Cycle RMS-Cyc | RMS (root mean square) value of the voltage of the left- -\
inV most signal period. ACI
DC ¢ s
N-T

Peak Peak Vpp Difference of maximum and minimum values. Max-
Pk-Pk
Min-
Peak+ Vp+ Maximum value within the displayed waveform. Max
Peak- Vp- Minimum value within the displayed waveform.
Min
Pos. Overshoot +Ovr Overshoot of a square wave after a rising or falling edge. It Max, ..., — To
is calculated from measurement values top level, base level, | Over+= ~Xiocal — P 1009
Neg. Overshoot -Ovr P ’ ’ Amplitude

local maximum, local minimum, and amplitude.

in % —Mi
Over- = 225€ “MiNogal 4gq,
Amplitude
Top N $Overt
Amplitude

Baser /... 3Over-

Mean Value Mean Arithmetic average of the complete displayed waveform.

RMS Value RMS RMS (root mean square) value of the voltage of the com-

plete displayed waveform.
0-Std. Deviation a Standard deviation of the displayed waveform.
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Meas. type

Symbol

Description

Graphic / formula

0-Std. Dev. Cycle

ag-Cyc

Standard deviation of one cycle, usually of the first, left-most
signal period.

Crest Factor

Crest

The crest factor is also known as peak-to-average ratio. It is
the maximum value divided by the RMS value of the dis-
played waveform.

Crest =
RMS

Max | x4 |

7.2.2.3

Counting

Meas. type

Symbol

Description

Graphic / formula

Positive Pulse

CntP+

Number of positive pulses on the display. The mean value of
the signal is determined. If the signal passes the mean
value, an edge is counted. A positive pulse is counted if a
rising edge and a following falling edge are detected.

NIl

Negative Pulse

CntP-

Number of negative pulses on the display. The mean value
of the signal is determined. If the signal passes the mean
value, an edge is counted. A negative pulse is counted if a
falling edge and a following rising edge are detected.

N1

Positive Slope

CntS+

Number of rising edges on the display. The instrument
determines the mean value of the signal and counts an
edge every time the signal passes the mean value in the
specified direction.

PN
+N
+W

Negative Slope

CntS-

Number of falling edges on the display. The instrument
determines the mean value of the signal and counts an
edge every time the signal passes the mean value in the
specified direction.

PREN
N
«W

7.2.3 Settings for Automatic Measurements

» To open the "Measure" menu, press the [Meas] key.

User Manual 1333.1611.02 — 08

839145

010-62176785

118

www . hyxyyq.com



R&S®RTB2000 Measurements

In the measurement menu, you can configure up to 4 parallel measurements (also
called measurement places). Available measurement types depend on the type of the
selected waveform.

Meas. Place
Selects one of the four available measurement places to be configured or activated.

Measure <n>
Activates or deactivates the selected measurement.

Remote command:
MEASurement<m> [ :ENABle] on page 350

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

Select the tab of the required measurement category, and then the measurement type.
The "Basic" tab provides the most common measurements: peak to peak, period, fre-
quency, rise time, fall time, mean cycle, and RMS cycle.

Remote command:
MEASurement<m>:MATN on page 351

Source

Selects an analog channel, reference or math waveform as the source of the selected
measurement. If MSO option R&S RTB-B1 is installed, active digital channels are
available as measurement sources.

If the waveform is not active, it is activated automatically when selected as measure-
ment source.
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Remote command:
MEASurement<m>:SOURce on page 353

Measure Source, Measure Source 2
Set the source waveforms for delay and phase measurement, where two sources are
required.

Remote command:
MEASurement<m>:SOURce on page 353

Delay Setup for Measure Source and Measure Source 2

Set the edges to be used for delay measurement. You can measure the delay between
two rising edges, two falling edges, between rising and next falling edge, and vice
versa.

Remote command:
MEASurement<m>:DELay:SLOPe on page 353

Statistics
Activates or deactivates the statistical evaluation for the selected measurement.

Remote command:
MEASurement<m>:STATistics[:ENABle] on page 353

Reset Statistics

Deletes the statistical results for all measurements, and starts a new statistical evalua-
tion if the acquisition is running.

Remote command:

MEASurement<m>:STATistics:RESet on page 354

Delete all Measurements
Deactivates all active measurements.

Reference Level

Set the lower and upper reference levels for rise and fall time measurements. Sets also
the middle reference level used for phase and delay measurements. The levels are
defined as percentages of the high signal level. The settings are valid for all measure-
ment places.

Remote command:

REFLevel :RELative:MODE on page 360
REFLevel :RELative:LOWer on page 361
REFLevel:RELative:MIDDle on page 361
REFLevel :RELative:UPPer on page 361

User Manual 1333.1611.02 — 08 120

839145 010-62176785 www . hyxyyq.com



R&S®RTB2000 Measurements

7.3 Cursor Measurements

The cursor measurement determines the results at the current cursor positions. You

can set the cursor lines manually at fixed positions, or they can follow the waveform.
Cursors are available in time and frequency domain. You can measure on one wave-
form, or on two different waveforms (sources) if the sources are in the same domain

(time domain or frequency domain).

If the measured source is an envelope waveform, and you move the cursor slowly, the
minimum and maximum values are measured alternating. Zoom and measurement on
second source behave in the same way.

Available results depend on the cursor type and the type of the waveform. They are
displayed below the grid.

Figure 7-4: Cursor measurement with vertical and horizontal cursors and Set To Trace

Results = below the grid
Cursor lines 1, 2, 3 = no focus
Cursor line 4 = has focus, can be moved by turning the [Navigation] knob

To configure cursor measurements

1. Press the [Cursor] key.

The cursors are activated with the latest setting.

2. Press the [Cursor] key again.

The "Cursor" menu opens.

3. Select the cursor "Type".
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4. Select the "Source", the waveform you want to measure.
5. Set additional settings if necessary: Track Scaling, Coupling, orSet To Trace.

6. To change the position of a cursor line, you can use several methods:

Drag the cursor line on the screen.
Press the [Navigation] knob repeatedly until the required cursor line is active
(marked with a solid line).
Turn the knob to move the line.
e Tap the corresponding result value in the result line at the bottom.
The keypad opens, and you can enter an exact value.

7.3.1 Cursor Settings

» To open the "Cursor" menu:

a) Tapthe "Menu"icon in the lower right corner of the screen.
b) Scroll down. Select "Cursor".

Cursor

Type

Vertical

Source

C1 v

Track Scaling il

Coupling N |

i1 Set To Trace

|:| Set To Screen

Cursor
Activates or deactivates the cursor measurement.

Remote command:
CURSor<m>:STATe on page 362

Type
Selects the cursor type. Depending on the type, different results are displayed in the
result line at the bottom of the display.

The cursor lines can be set to the required position using the "Navigation" rotary knob,
or by dragging a cursor line on the screen.
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"Horizontal" Sets two horizontal cursor lines and measures the voltage values at
the cursor positions, and the difference between the cursor lines.
Results: V1, V2, AV (for current measurements: A1, A2, AA, for FFT
measurements: L in dBm)

"Vertical" Sets two vertical cursor lines and measures the time from the trigger
point to each cursor line, the time between the cursor lines and the
frequency calculated from that time.

Results: t1, t2, At, 1/At (for FFT measurements: frequencies)

"Vertical & Combines the "Horizontal" cursor and "Vertical" cursor measure-
Horiz." ments. Two horizontal and two vertical cursor lines are set. The vol-
tages and times are measured at the cursor positions, as well as the
delta of the voltage and time values.
Results: t1, t2, At, V1, V2, AV

"V-Marker" Sets two vertical cursors and measures the values of the waveform at
the crossing points of the cursor lines and the waveform. Also, the dif-
ferences of the two values in x- and y-direction are displayed.
Results: t1, V1, t2, V2, At, AV

Remote command:
CURSor<m>:FUNCtion on page 362
CURSor<m>:TRACking[:STATe] on page 364 (V-Marker)

Source
Defines the source of the cursor measurement as one of the active waveforms.

You can use cursors on analog input signals, math waveform, reference waveforms,
XY-diagram, and FFT waveform.

If option R&S RTB -B1 is installed, you can use the vertical cursor to measure individ-
ual logic channels, and the V-Marker to measure pods.

Remote command:
CURSor<m>:SOURce on page 363

Track Scaling
If enabled, the cursor lines are adjusted when 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 365

Coupling
If enabled, the cursors lines are coupled and moved together.

Press the [Navigation] key to select whether both cursors or one cursor is moved. If
coupling is disabled, pressing the [Navigation] key toggles the single cursor lines.

Remote command:
CURSor<m>:XCOupling on page 364
CURSor<m>:YCOupling on page 364
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Set To Trace

Autoset for cursor lines, sets the cursor lines to typical points of the waveform depend-
ing on the selected cursor type. For example, for voltage measurement ("Horizontal"),
the cursor lines are set to the upper and lower peaks of the waveform. For time mea-
surement ("Vertical"), the cursor lines are set to the edges of two consecutive positive
or two consecutive negative pulses.

Remote command:
CURSor<m>:SWAVe on page 365

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

Remote command:
CURSor<m>:SSCReen on page 365
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8 Applications

All available applications are provided in the "Apps Selection" dialog.
» To select an application, press the [&&& [Apps Selection] key.

See also: Chapter 3.2, "Selecting the Application", on page 26.

Applications are grouped on several tabs:
® Applications, see below

® Protocol
Protocol applications are described in Chapter 12, "Serial Bus Analysis",
on page 188.

On the "Applications" tab, the following applications are available:

® "QuickMeas": see Chapter 7.1, "Quick Measurements", on page 111

® "Probe Adjust": see Chapter 4.2, "Adjusting Passive Probes", on page 37
® "Function Gen.": see Chapter 14.1, "Function Generator", on page 259

e "Pattern Gen.": see Chapter 14.2, "Pattern Generator", on page 271

L I V= TS S =1 11T SRR 125
L I e I g =1 £ USSR 133
LI G € D IT=To | =1 o o T OO PP PP PP PP PPPPRP 140
0  Digital VOIMETEr ... 142
L I 4o o [T o o 10 o) (= 144
o Bode Plot (Option R&S RTB-K36)......ccciiiiiiiiiieiiei ettt 145

8.1 Mask Testing

Masks are used to determine whether the amplitude of a signal remains within speci-
fied limits, e.g. to detect errors or test compliance of digital signals.

8.1.1 About Masks and Mask Testing

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
envelope waveform, and the limits are moved and stretched. The result is a tolerance
tube around the signal that is used as mask.

The mask is displayed in the color used for reference waveforms.
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Once a mask has been defined, the copied envelope is kept in the instrument until the
next mask is defined or loaded. If you need more than one mask, you can save the
mask to internal storage and load it at a later time.

Mask testing results

The mask testing analyzes whether tested signal runs inside the mask. The overall test
result is shown in the mask window:

1453  Failed: 35902 Total: 37355

Wil || gl X
Elapsed : 34s > _ : IE s . ﬁ ]
Reset Stop New Size + Size- Save Load Capt.Fails Setup Exit
left column = absolute number and percentage of acquisitions that passed the test
middle column = absolute number and percentage of acquisitions that violated the mask
right column = number of tested acquisitions and test duration

During a mask test, various actions can be executed when mask violations occur: noti-
fication by a sound, stop of acquisition, saving a screenshot, saving the waveform
data, sending a pulse.

Remote commands:

® MASK:STATe on page 368 to start the mask application
® MASK:COUNt? on page 372

® MASK:VCOunt? on page 372

File format for masks: MSK

MSK is the specific binary format for masks of the R&S RTB2000. 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 mask data is saved
in the internal storage and can be loaded back when needed. The format is not inten-
ded for analysis outside the R&S RTB2000.

8.1.2 Using Masks

Starting the mask application
1. Press the [ [Apps Selection] key.
2. Tap "Mask".

You can also add the mask icon to the toolbar and start the application from the
toolbar. See "Configuring the Toolbar" on page 32.
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To create and set up a mask

You create a mask based on a channel waveform, then optimize it by changing its posi-
tion and proportions, and save it.

1. Select and adjust the channel waveform that you want to use as basis for the
mask.

2. Run continuous acquisition.
3. Start the mask application.

4. In the mask window, tap "New".

5. Adjust the size of the mask:

e For simple setup, use "Size+" and "Size-" to change the mask dimensions in x-
and y-direction.

e For detailed setup:
— Tap "Setup" to open the "Mask" menu.
— Change "Width Y", "Width X" and/or "Stretch Y".
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6. To save the mask for later use, tap "Save".

To load a mask

1. Press the =& [Apps Selection] key.
2. Tap "Mask".

3. Tap "Load".

4. Select the mask file.

5. Tap "Load".

To perform a mask testing
1. Set up the waveform that you want to test.

2. Create or load a mask. See:

e "To create and set up a mask" on page 127
e "Toload a mask" on page 128

3. If necessary, tap "Setup" and adjust the y-position of the mask.
4. Set the "Actions" to be performed on violation.

5. In the mask window, tap "Run".

If the mask limits are violated, the specified action is taken. The overall result is
shown in the mask window.
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6. Tap "Reset" to delete the results.

7. To finish the test, tap "Stop".

8.1.3 Mask Window

The mask window provides the most important function to set up a mask, and to run
the test.

0 Failed: 0 Total:
W R 2 <

0% Elapsed :

Reset Run New Size + Size - Save Load Capt. Fails Setup

Reset
Deletes all test results.

Remote command:
MASK:RESet :COUNter on page 372

Run, Stop
Starts or finishes the mask test.

Remote command:
MASK:TEST on page 372

New
Creates a mask from the envelope of the selected channel waveform.

Remote command:
MASK:SOURce on page 368
MASK:CHCopy on page 368
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Size+, Size-
Enlarges or decreases the mask in x- and y-direction.

Save, Load
Saves the created mask to file, or loads a previously saved mask. The file format is
MSK.

Remote command:
MASK : SAVE on page 369
MASK : LOAD on page 369

Capt. Fails
If selected, only failed acquisitions are saved in memory segments.

Only available with history option R&S RTB-K15.

Remote command:
MASK:CAPTure [ :MODE] on page 372

Setup
Opens the "Setup” menu to define exact mask dimensions and the actions to be exe-
cuted on violation of the mask.

8.1.4 Mask Menu

» To open the "Mask" setup menu:

e Tap the "Setup" button in the mask window.
e Tap the "Menu" icon. Select "Mask".
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Test

Performs a mask test for the selected signal, i.e. the signal amplitudes are compared
with the specified mask. If the amplitude exceeds the limits of the mask, a violation is
detected.

Remote command:

MASK:TEST on page 372

Copy Channel
Creates a mask from the envelope waveform of the selected channel and stores it in
the instrument.

Remote command:
MASK: SOURce on page 368
MASK:CHCopy on page 368

Y-Position
Moves the mask vertically within the display. The current position is given in divisions.

Remote command:
MASK:YPOSition on page 368

Stretch Y
Changes the vertical scaling to stretch or compress the mask in y-direction.

Remote command:
MASK:YSCale on page 368
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Width X

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 368

Width Y

Changes the width of the mask in vertical direction. The specified number of divisions
is added to the y-values of the upper mask limit and subtracted from the y-values of the
lower mask limit. Thus, the upper half of the mask is pulled upwards, the lower half is
pulled down, and the overall height of the mask is twice the "Width Y".

Remote command:
MASK:YWIDth on page 369

Save
Saves the mask in an instrument-specific format (MSK). The complete mask definition
- envelope waveform with width, stretch and position settings - is stored.

Remote command:
MASK: SAVE on page 369 and commands described in Chapter 15.9.1.5, "Masks",
on page 408.

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 369

Actions

Opens a submenu to select the actions to be taken when a violation against the mask

limits occurs.

"Sound" Generates a beep sound at each violation.

"Stop" Stops the waveform acquisition. Set the number of the stop violation.
Thus, you can ignore a number of violations before stop.

"Pulse" Creates a pulse on the [Aux Out] connector. This selection sets the
configuration of the [Aux Out] connector to "Mask Violation".

"Screenshot" Saves a screenshot according to the settings in "File" > "Screen-
shots".

"Save Wave- Saves the waveform data according to the settings in "File" > "Wave-

form" forms".

Remote command:

MASK:ACTion:SOUNd:EVENt : MODE on page 369
MASK:ACTion:STOP:EVENt :MODE on page 369
MASK:ACTion:STOP:EVENt:COUNt on page 370
MASK:ACTion:PULSe:EVENt :MODE on page 370
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MASK:ACTion:SCRSave:EVENt : MODE on page 370
MASK:ACTion:WEMSave:EVENt :MODE on page 370

Capture Segments
Selects whether all acquisitions are stored in segments, or only failed acquisition. You
can use the hostiry to analyze the segments.

Only available with history option R&S RTB-K15.

Remote command:
MASK:CAPTure [ :MODE] on page 372

8.2 FFT Analysis

The R&S RTB2000 provides basic FFT calculation, which is included in the firmware.

During FFT analysis, a time-based waveform is converted to a spectrum of frequen-
cies. As a result, the magnitude of the determined frequencies is displayed: the power
vs. frequency diagram (spectrum). FFT results are useful to obtain an overview of the
input signal in the frequency domain and to detect unusual signal effects (such as
spurs or distortions) visually.

To enable FFT analysis

» Press the [FFT] key.
Alternatively, tap the "FFT" icon in the toolbar.

The instrument adjusts the time scale of the waveform and sets appropriate center
frequency and span.

To disable FFT analysis

» There are several ways to exit FFT analysis:

e Press the [FFT] key repeatedly until FFT is off.
e Tap the "FFT" icon in the toolbar.
e In the short menu, tap "FFT Off".

8.2.1 FFT Display
When FFT is active, two diagrams are displayed: the signal vs. time at the top, the

result of the FFT analysis at the bottom. Between the diagrams, FFT-specific parame-
ters are shown and can be set directly.
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1 = Enable FFT

2 = Signal vs. time display

3 = FFT parameters

4 = Spectrum, result of the FFT analysis

5 = FFT label with vertical scale (range per division). Color indicates the source waveform of FFT calcula-
tion.

Data source

FFT analysis is performed on the data captured from one of the active input channels,
or one of the active math or reference waveforms. Analysis can only be performed on
one channel at a time.

Timebase

FFT is generally performed on the captured data of a complete acquisition. To reduce
calculation time, the instrument automatically sets the time scale and an extract of the
original timebase for which the FFT is to be performed. The time gate is indicated by
white lines in the time diagram.

Frequency range

The results of the FFT analysis can be restricted to a specified frequency range.
Therefore, you define a center frequency and a frequency span, or the start and stop
frequencies Alternatively, you can manually set the resolution bandwidth. When you
change the FFT parameters, the time gate on the waveform is adapted automatically.
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Vertical position and size of the FFT waveform

To set the position and the vertical scaling, select the FFT window and use the vertical
[Scale] and [Offset/Position] knobs.

Remote commands:
® SPECtrum:FREQuency:SCALe on page 375
® SPECtrum:FREQuency:POSition on page 374

Zoom

You can use the vertical zoom ("Zoom" icon on the toolbar) on the FFT waveform. If
you draw the zoom area in the FFT diagram, center, span and vertical scale are adjus-
ted, and the the zoomed section of the FFT is displayed in the FFT diagram.

8.2.2 Performing FFT Analysis

1. Press the [FFT] key to start FFT analysis.
2. Press the [FFT] key again to open the FFT menu.

3. Select the "FFT Window" type according to the signal characteristics that are most
relevant for your measurement task (see "FFT Window" on page 138).

4. In the "Waveform" menu, select the waveform types you want to display (see
"Waveform" on page 139).

5. If you want to adjust the resolution bandwidth manually, disable "Automatic RBW".

6. On top of the FFT window, define the frequency range to be displayed in the spec-
trum window. The range is defined as (Center - Span/2) to (Center + Span/2). For
details, see Span and Center.

a) Press "Span" to define the width of the frequency range.
b) Press "Center" to define the center frequency of the range.

7. To start and stop FFT analysis, press the [Run Stop] key.

8.2.3 FFT Setup

You can set the parameters for the FFT analysis in the spectrum window and in the
FFT menu. In addition, the short menu provides frequently used settings.

8.2.3.1 Short Menu for FFT

Frequently used settings are available in the short menu. You can select the waveform
type, set full span, open the comprehensive menu and disable the FFT analysis.

» To open the short menu, tap the FFT label in the bottom line of the display. The
label is only available, if the FFT analysis is active.
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8.2.3.2 Settings in the FFT Window

Typical FFT parameters can be set directly in the FFT window, above the diagram.

1 = Start frequency

2 = Stop frequency

3 = Center

4 = Span

5 = Resolution bandwidth (RBW)
6 = Width of the timebase extract
7 = Position of timebase extract

Start
Defines the start frequency of the FFT waveform. The instrument adjusts the span and
the center frequency, and optimizes the timebase extract.

Remote command:
SPECtrum: FREQuency: STARt on page 376

Stop
Defines the stop frequency of the displayed frequency span. The instrument adjusts
the span and the center frequency, and optimizes the timebase extract.

Remote command:
SPECtrum:FREQuency:STOP on page 376

Center
Defines the frequency in the center of the displayed span. The instrument adjusts the
start and stop frequencies.

To set the center frequency, you can also use the horizontal [Position] knob if the focus
is on the frequency window.
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Remote command:
SPECtrum: FREQuency: CENTer on page 375

Span

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 instrument adjusts the start and
stop frequencies.

To set the frequency span, you can also use the horizontal [Scale] knob if the focus is
on the frequency window.

Remote command:
SPECtrum: FREQuency: SPAN on page 375

RBW

The resolution bandwidth (RBW) determines the resolution of the spectrum, that is: the
minimum distance between two distinguishable peaks. The higher the resolution (the
smaller the ratio), the more peaks are detected, but the longer the measurement
requires to finish.

If "Automatic RBW" is selected, the RBW value is adjusted automatically and the value
is shown for information. when you set the RBW manually, the instrument adjusts the
timebase extract.

Remote command:
SPECtrum: FREQuency:BANDwidth[:RESolution] [:VALue] on page 376
SPECtrum: FREQuency:BANDwidth[:RESolution] :RATio on page 376

w
Shows the width of the timebase extract (gate) for which FFT is calculated.

Remote command:
SPECtrum: TIME: RANGe on page 377

P
Shows the position of timebase extract (gate) to restrict the timebase of the input signal
for which FFT analysis is performed.

Remote command:
SPECtrum:TIME: POSition on page 376

8.2.3.3 FFT Menu

» Press the [FFT] key.
If the menu does not open, tap twice: Once to enable FFT, and next to open the
menu.
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Source

C1

FFT Window
Flat Top

Automatic
fo

RBWY

Waveform

Vertical Scale
dBm

Source
Selects the channel for which the captured data is analyzed with FFT. You can select
one of the active input channels, math or reference waveforms.

Remote command:
SPECtrum: SOURce on page 373

FFT Window

Windowing helps minimize the discontinuities at the end of the measured signal inter-
val and thus reduces the effect of spectral leakage, increasing the frequency resolu-
tion.

The R&S RTB2000 provides various window functions to suit different input signals.
Each window function has specific characteristics, including some advantages and
some trade-offs. Consider these characteristics to find the optimum solution for the
measurement task.

"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 pre-
cisely.

"Hamming" The Hamming window is bell shaped. Its value is not zero at the bor-
ders of the measuring interval. Thus, the noise level inside the spec-
trum is higher than Hanning or Blackman, but smaller than the rectan-
gular 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 pre-
cisely.

"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 signals with single frequencies to detect
harmonics and accurate single-tone measurements.
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"Flat Top" The flat top window has low amplitude measurement errors but a
poor frequency resolution.
Use this window for accurate single-tone measurements and for mea-
surement of amplitudes of sinusoidal frequency components.
"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 for measurements of separation of two tones with
almost equal amplitudes and a small frequency distance.

Remote command:
SPECtrum: FREQuency:WINDow: TYPE on page 373

Automatic RBW
If enabled, the resolution bandwidth is set automatically. If disabled, you can adjust the
"RBW" parameter in the FFT window.

See also: "RBW" on page 137.

Waveform

Selects the waveform type to be displayed. Several types of waveforms can be dis-
played in parallel, but at least one waveform type must be selected. By default, the
"Spectrum" waveform is selected. From each waveform type, you can also create a
reference waveform for further analysis, and perorm cursor measurements.

When the waveform selection is changed, statistical evaluation is restarted.
To clear the results of previous measurements used for statistical evaluation, select
"Reset".

N m B

Menu Hist.

Auto 874 s/
12.5 MSa/s Os

Complete

b @

Annotation ¢ Sample

Undo Delete

Waveform

Spectrum
A #in Hold

Jasn. Max Hold
W:333.92

RBVY:

& Start:3.85 iiHz Span: 2.3 Hz

Average

;‘ Reset

Il 20 dBm/

"Spectrum” The current value for each frequency is displayed.
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"Min Hold" The minimum value for each frequency over all FFTs is displayed.
Using the "Min Hold" waveform type is a good way to highlight signals
within noise or suppress intermittent signals.

"Max Hold" The maximum value for each frequency over all FFTs is displayed.
Using the "Max Hold" waveform type is a good way to detect intermit-
tent signals or the maximum values of fluctuating signals, for exam-
ple.

"Average" The average value for each frequency in the waveform over the
specified "# Averages" is calculated.

Averaging reduces the effects of noise, but has no effects on sine sig-
nals. Therefore, averaging is a good way to detect signals near noise.

"Reset" Clears the selected waveforms and restarts calculation.

Remote command:

SPECtrum:WAVeform: SPECtrum[ :ENABle] on page 377
SPECtrum:WAVeform:MINimum[ :ENABle] on page 377
SPECtrum:WAVeform:MAXimum|[ :ENABle] on page 377
SPECtrum:WAVeform:AVERage [ :ENABle] on page 377
SPECtrum: FREQuency:AVERage : COUNt on page 377
SPECtrum: FREQuency:RESet on page 377

Vertical Scale
Defines the scaling unit for the vertical scale.

The displayed values refer to a 50 Ohm terminating resistor. You can use an external
terminating resistor parallel to the high impedance input, or the 50 Ohm input directly.

"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:
SPECtrum: FREQuency:MAGNitude: SCALe on page 374

8.3 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 than a timebase. Thus, you

can measure phase shift, for example. With harmonically related signals, the resulting
XY-diagrams are Lissajous patterns. XY-diagrams can also be used to display the IQ

representation of a signal.

Together with the XY-diagram, the time diagrams of the source signals are displayed in
separate grids. It is also possible to define two source signals in y-direction for compar-
ison.

1. Press the il [Apps Selection] key.
2. Select "XY".
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3. Make sure that the signals, the trigger, and the acquisition are set up correctly. The
required menus are available in XY-mode.

Remote command: DIsPlay:MODE on page 388

—100 mY

ALV B NV B )V ES ol VY B RULR VR S MO0 T (200 200 s [@UUOE

To analyze the signal in the XY-diagram, you can use cursor measurements. You can
select specific cursor measurement types:"Voltage X", "Voltage Y1", "Voltage Y2" use 2
cursor lines, "Voltage X-Y1" and "Voltage X-Y2" use 4 cursor lines.

Source X
C1

Source Y1

o)
Source Y2

None

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

Remote command:
DISPlay:XY:XSOurce on page 389

Source Y1
Defines the first signal to be displayed in y-direction in an XY-diagram. The source can
be any of the active analog channels.

Remote command:
DISPlay:XY:Y1Source on page 389
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Source Y2

Defines an optional second source to be displayed in y-direction in an XY-diagram. The
source can be any of the analog channels. The setting is only relevant for 4-channel
R&S RTB2000 instruments.

Remote command:
DISPlay:XY:Y2Source on page 389

Digital Voltmeter

The integrated three-digit digital voltmeter simplifies measurements, in particular for
service personnel. You can measure up to four parameters on different sources at the
same time and define the position of the measurement results.

The following DVM measurements are available:

® DC: mean value of the signal

e AC+DC RMS: RMS value of the signal

® AC RMS: RMS value of the signal's AC component

The digital voltmeter captures input data with the selected vertical sensitivity and the
basic accuracy of the ADC. It is independent from the capture settings and the post

processing. All measurements are based on a measurement interval, which ensures
reliable results over the defined frequency range.

X

e >'."..|A

1y
AC RMS ')

JECRU R

RCRHS '
Ly

AC+DC |: i

' ' \ '—' A
Frequency limit 1MHz

Figure 8-1: Results of 4 meter measurements. The measurement source is indicated by the channel
color. The source of meter 1 is channel 1, and it is clipped.

Remote commands to read meter results:
® DVM<m>:RESult[:ACTual]? on page 390
® DVM<m>:RESult[:ACTual]:STATus? on page 391

8.4.1 Using the Meter
To activate meter measurements
> Use one of the following ways:
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e Tap the "Meter" icon on the toolbar.

ﬂﬁm”\fmm;?';

Undo Redo Delete M Single FFT Annotation Demo

e Press the &5 [Apps Selection] key.
Tap "Meter".

To deactivate meter measurements
> Use one of the following ways:

e Tap the "Meter" icon on the toolbar again.
e Close the "Meter" result box.

8.4.2 Meter Settings

» To open the "Meter" configuration menu, tap inside the "Meter" result box.
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Meter (on/off)
Activates or deactivates the digital voltmeter with the last configuration. Preset deletes
the voltmeter configuration.

Remote command:
DVM<m>: ENAB1e on page 389

Meter
Selects one of the four available meter measurements. The configuration of the
selected meter is displayed in the menu.

Source
Selects an analog channel as the source of the selected meter measurement.

Remote command:
DVM<m>: SOURce on page 390

Type

Defines the measurement type to be performed on the selected source:
® DC: mean value of the signal

e AC+DC RMS: RMS value of the signal

® AC RMS: RMS value of the signal's AC component

Select "Off" to disable the selected meter measurement.

Remote command:
DVM<m>: TYPE on page 390

8.5 Trigger Counter
The counter shows two basic parameters of the trigger source: frequency and period.

1. Press the il [Apps Selection] key.
2. Tap "Trigger Counter".
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By default, the result box shows the frequency and period of the trigger source.

1. To toggle frequency and period results, tap inside the box.

2. To show the counter results of active waveforms, tap the source icon ("Trg") and
select a waveform.

3. To move the result box to the best position, can drag the box on the screen.

Remote commands:

® TCOunter:ENABIle on page 391

® TCOunter:SOURce on page 392

® TCOunter:RESult[:ACTual] :FREQuency? on page 392
® TCOunter:RESult[:ACTual]:PERiod? on page 392

8.6 Bode Plot (Option R&S RTB-K36)

A Bode plot displays the frequency response of an electrical system. It is divided in two
parts, a magnitude plot and a phase shift plot.
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8.6.1 About the Bode Plot

Bode Plot Display

The Bode plot display is divided into several sections, see fig. 8-2.

Figure 8-2: Bode plot display

1 = Bode plot parameters

2 = Bode plot diagram, gain: blue color; phase: orange color
3 = Save

4 = Bode result table

5 = Marker value table

6 = Bode plot window controls

7 = Vertical settings of active analog channels

8 = Vertical settings of gain waveform

9 = Vertical settings of phase waveform

Bode plot diagram

The Bode plot diagram has the frequency presented on the x-axis. The gain (blue color
waveform) and phase (orange color waveform) scales are on the y-axis. The magni-
tude plot represents the gain of a system between input and output. The phase plot
shows the phase shift between input and output.

Bode plot result table

In the Bode plot result table, all sample points are displayed with the respective value
for the frequency, gain, phase and amplitude. If you select a sample in the table, the
respective points in the Bode plot are highlighted by a white line on the gain and the
phase curve.
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Marker value table

There are two markers available for the Bode plot. They are highlighted on the Bode
plot diagram by a white line and the respective marker number 1 or 2. You can move
the markers as needed.

In the marker table you can see the frequency, gain and phase values for both of them
and also the delta values between the two markers.

Remote commands:

® BPLot:MARKer<m>:DIFFerence:FREQ? on page 398
® BPLot:MARKer<m>:DIFFerence:GAIN? on page 398
® BPlLot:MARKer<m>:DIFFerence:PHASe? on page 398
® BPLot:MARKer<m>:FREQuency on page 399

® BPlLot:MARKer<m>:GAIN? on page 399

® BPLot:MARKer<m>:INDex on page 399

® BPLot:MARKer<m>:PHASe? on page 399

® BPlLot:MARKer<m>:SSCReen on page 399

Vertical position and size of the waveforms

To set the position and the vertical scaling of the gain, phase or amplitude waveforms,
select the waveform and use the vertical [Scale] and [Offset/Position] (upper knob)
knobs.

Remote commands:

® BPLot:AMPLitude:SCALe on page 397

® BPlLot:AMPLitude:POSition on page 397
® BPLot:GAIN:SCALe on page 396

® BPLot:GAIN:POSition on page 396

® RBPlLot:PHASe:SCALe? on page 397

® BPLot:PHASe:POSition? on page 397

8.6.2 Using a Bode Plot

To run a Bode plot measurement
1. Prepare the measurement setup. See "Connecting the test setup” on page 148
2. Start the Bode plot option. See "Starting the Bode plot" on page 148

3. Set the required parameters. See "Setting up the Bode plot" on page 148.
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Connecting the test setup

Figure 8-3: Bode Plot Test Setup

1. Connect the DUT input to the generator output of the oscilloscope.
Connect the input of your DUT to a channel input of the oscilloscope.

Connect the output of your DUT to another channel input of the oscilloscope.

r ow DN

Align the probes.

To avoid measurement uncertainties, make sure that the cables connecting the input
and the output of your DUT to the oscilloscope are from similar length.

Starting the Bode plot
1. Press the & [Apps Selection] key.
2. Tap "Bode Plot" .

The Bode plot window opens.

Setting up the Bode plot
1. In the Bode window, select the channels for the "Input" and "Output" signal.
2. Set the "Start" and "Stop" frequency for the frequency sweep range.

3. Select the number of "Points" to be shown per decade.
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4. Set the amplitude for the measurement.

5. If necessary, open the "Setup" dialog to refine the settings:

a) Set an "Amplitude Profile" for systems with sensitive circuits.

b) Set the "Maximum Phase" of the system.

c) Seta "Meas. Delay" for systems that need more time to adapt to a new fre-
quency.

6. Press "Run" to start the measurement.

7. If necessary, press "Save" to save the measurement results to a file.

8.6.3 Bode Plot Window Controls

s Start: 100 Hz Stop: 25 MHz Points: 100 Pts/ Gen.: flo Ampl.: 3 Vpp

Marker Frequen
i e > (:) o £ ? X

fil (1 _,2) 9 kHz Input  Output Run  Repeat Reset Setup  Help Exit

AC
1:1

174 mvf 610 wv/ 45 of

The Bode plot window provides the most important function to set up the plot and to
run the test.

Start
Sets the start frequency of the sweep for the Bode plot.

Remote command:
BPLot:FREQuency:STARt on page 394

Stop
Sets the stop frequency of the sweep for the Bode plot.

Remote command:
BPLot:FREQuency:STOP on page 394

Points
Selects the number of points per decade that are measured from a predefined list. You
can also set a different value from the predefined ones in the "Setup" menu.

Gen
Enables the in-build generator. This allows you to start a frequency sweep for a defined
frequency range.

Ampl.
Sets a fixed amplitude.

Input
Selects the channel for the input signal of the DUT.

Remote command:
BPLot:INPut[:SOURce] on page 394
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Output
Selects the channel for the output signal of the DUT.

Remote command:
BPLot:0UTPut [ : SOURce] on page 395

Gain
Enables the gain waveform for the Bode plot.

Remote command:
BPLot:GAIN:ENARIe on page 396

Phase
Enables the phase waveform for the Bode plot.

Remote command:
BPLot:PHASe:ENABle? on page 396

Run
Starts the Bode plot measurement.

Remote command:
BPLot:STATe on page 395

Repeat
Repeats the measurement, using the same parameters.

Remote command:
BPLot :REPeat on page 395

Reset
Deletes all test results.

Remote command:
BPLot :RESet on page 395

Setup
Opens the "Setup" menu to define the Bode plot settings.

Save
Saves the created Bode plot to a file. The file format is CSV.

You can find the "Save" icon in the upper right corner of the Bod plot result table, see
Figure 8-2.

Remote command:
BPLot:EXPort :NAME on page 348
BPLot:EXPort:SAVE on page 348

8.6.4 Bode Plot Settings

» To open the "Bode Plot" configuration menu, tap "Setup" inside the "Bode Plot"
result box.
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Bode Plot

Amplitude
Profile I i

Amplitude
250 m\pp
Load
500
Points per Decade
10 Pts
Maximum Phase
180°

Display
Meas. Points . I

EEVEEY

| Back

Amplitude Profile

Applications

Enables the amplitude profile. You can then define different amplitudes for different fre-
quency in the "Configuration" dialog. This is useful when testing sensitive circuits,

where the amplitude gets too high. In this case distortion might occur.

If this function is enabled, a diagram of the amplitudes for the different frequencies can
be displayed on the screen. To do that, press at the bottom of the Bode plot window.
You can configure the value curve through the touchscreen.
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Remote command:
BPLot :AMPLitude :MODE on page 393
BPLot :AMPLitude:ENABle on page 397

Configuration

Opens a dialog to set the amplitude profile. For each point, you can set an amplitude
and frequency pairs.

Remote command:

BPLot :AMPLitude:PROFile:POINt<n>:AMPLitude on page 393
BPLot:AMPLitude:PROFile:POINt<n>:FREQuency on page 393

Ampl.
Sets a fixed amplitude.

Points
If the "Amplitude Profile" is enabled, select the number of different points that you can
define for the amplitude profile.

Remote command:
BPLot :AMPLitude:PROF1le:COUNt on page 393

Load
Selects the generator voltage display for 50Q or high impedance load.

Points per Decade
Sets the number of points per decade that are measured.

Remote command:
BPLot:POINts:LOGarithmic on page 395
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Maximum Phase
Sets the upper boundary of the vertical phase window.

The lower boundary is given by "Maximum Phase" - 360°. By default, the "Maximum
Phase" is set to 180° for a phase window ranging from -180° to 180° accordingly.

Display Meas. Points
Enables the display of the measurement points in the bode plot.

"Display Meas. Points" > On "Display Meas. Points" > Off

Remote command:
BPLot:MEASurement : POINt [ : DISPLAY] on page 394

Meas. Delay

Sets a time delay, that the system waits before measuring the next point of the bode
plot. This is helpful in systems that need more time to adapt to the new frequency, for
example if filters with significant time group delays are present.

Remote command:
BPLot:MEASurement : DELay on page 394
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9 Documenting Results

The R&S RTB2000 can store various data to files for further usage, analysis and

reporting:
® Instrument settings: Chapter 9.1, "Saving and Loading Instrument Settings",
on page 155

® Waveforms: Chapter 9.2, "Saving Waveform Data", on page 156
® Screenshots: Chapter 9.4, "Screenshots", on page 161
® Reference waveforms
— Chapter 6.3, "Reference Waveforms", on page 83
— Export and import: Chapter 9.6, "Export and Import", on page 164
® Measurement statistics: Chapter 7.2.1.1, "Statistics", on page 113

® [Equation sets (formularies): Chapter 6.2.5, "Saving and Loading Formularies",
on page 82

® Search results: "To save search resulis" on page 98

® Bus table with decode results: "To save the bus table" on page 193

You can also combine these data and save it to a compressed file using the K& key,
see Chapter 9.5, "Quick Save with OneTouch", on page 163

» To save and load data, press the [Save Load] key.

Storage locations

Waveform data, screenshots and results, which are intended for analysis outside the
oscilloscope, are always saved to a USB flash drive. The USB flash drive is the exter-
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nal storage location (USB_FRONT). This location is only available if the USB flash
drive is connected. Using a USB hub is not supported.

Reference waveforms and instrument settings, which are intended for further use on
the instrument, are usually saved to the internal storage (/INT). You can also store
them to the external storage, or move them to the other location using the export and
import function.

The supported file system in all storage locations is FAT.

9.1 Saving and Loading Instrument Settings

To repeat measurements or tests at different times or perform similar measurements
with different test data, you can save the used configuration settings. Furthermore, it
can be helpful to refer to the configuration settings of a particular measurement when
analyzing the results. Therefore, you can easily save the complete measurement con-
figuration including the display settings. The settings are saved together with a small
screenshot of the display for better identification of the setup files.

By default, instrument settings are saved to the internal storage /INT/SETTINGS, but
you can also save them to USB flash drive.

If you often save and load instrument settings, try the following shortcuts:

® The "Save Setup" toolbar icon saves the current settings to a file according to the
settings in "File" menu > "Setup". The "Load Setup" toolbar icon opens a dialog to
select and load a setup. See also "Configuring the Toolbar" on page 32.

® Configure OneTouch to save instrument settings. See Chapter 9.5, "Quick Save
with OneTouch", on page 163.

To save, load, reset, export and import instrument settings
1. Press the [Save Load] key.
2. Select "Setup”

3. Select the required function.

Export

Memory
Usage

Factory
Default
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Save
Opens a dialog box to save the current instrument setup to file.

To change the storage location, select "Destination" > "Location".

Change the filename if the auto name does not fit. The file extension SET is set auto-
matically. You can enter an optional comment that describes the setup.

Tap "Save" to start writing the data.

Remote command:
MMEMory: STORe: STATe on page 420

Load
Opens a file explorer to select an instrument setup file to be loaded to the instrument.

To change the storage location, select "Destination" > "Location".
Tap "Load" to change the settings.

Remote command:
MMEMory : LOAD: STATe on page 420

Import Export
Opens a menu to copy data between the instrument's internal storage "/INT/
SETTINGS" and a USB flash drive.

Make sure that the USB flash drive is connected.

See Chapter 9.6, "Export and Import", on page 164 for a procedure description.

Memory Usage
Shows free memory space (absolute and relative) in the instrument's internal storage "/
INT" and used space per subdirectory in kbyte.

If a USB flash drive is detected, the free memory space in this device is also shown.

Factory Default
Resets the instrument to the factory settings.

Remote command:
SYSTem: PRESet

9.2 Saving Waveform Data

Waveform data is always saved to USB flash drive. The waveform export provides the
following possibilities:

® Store either one waveform or all active waveforms.
® Option R&S RTB-K15: Save history data.
® Option R&S RTB-B1: Save logic channels.

To save waveforms:

1. Activate the waveforms that you want to export.
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Press the [Save Load] key.
Select "Waveforms".

Adjust the settings in the dialog box.

o &> oD

Tap "Save".

9.2.1 Waveform Export Settings

Destination
The destination /USB_FRONT is only active, if a USB flash drive is connected to the
front USB port.

Tap and select the target folder. Tap "Accept Dir." to confirm selection.

Remote command:
EXPort:WAVeform:NAME on page 412

File Name
Specifies the name of the file to be saved. The default is TRACEO1 or a higher number,
depending on existing files in the target directory.

Remote command:
EXPort:WAVeform:NAME on page 412

Format
Selects the file format.

"BIN - MSB": Binary data, most significant byte first

"BIN - LSB": Binary data, least significant byte first

"FLT - MSB": Floating point format, most significant byte first
"FLT - LSB": Floating point format, least significant byte first
"CSV": Comma-separated values (= default)

"TXT": Text file format

To reload waveform data as a reference waveform, it must be stored in TRF or CSV
format.
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For a description of the file formats, see Chapter 9.2.2, "Waveform File Formats",
on page 158.

Source
Select the channels to be saved: either one active channel, or all active channels
together.

Remote command:
EXPort:WAVeform: SOURce on page 412

Points
Selects the number of data points to be saved in the waveform file.

e "Display Data": Saves all currently displayed waveform samples.

® "Acq. Memory": Saves all data samples that are stored in the acquisition memory.
This setting takes effect only for stopped acquisitions. For running acquisitions,
only always display data can be saved.

® '"History Data": Saves the waveform data of the history segments.
See also Chapter 6.4.5, "Exporting History Data", on page 93.

Remote command:
CHANnel<m>:DATA:POINts on page 403

Save
Saves the data to the selected storage directory. The used path and filename are dis-
played when the storage is completed.

Saving is not possible if "Points" is set to "Acq. Memory" or "History Data" and the
acquisition is running.

Remote command:
EXPort:WAVeform: SAVE on page 412

9.2.2 Waveform File Formats

Data of all waveforms is saved as a succession 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.

To reload waveform data as a reference waveform, it must be stored in TRF or CSV
format.

9.2.21 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). Values are listed in scientific notation.

User Manual 1333.1611.02 — 08 158

839145 010-62176785 www . hyxyyq.com



R&S®RTB2000 Documenting Results

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 indi-
cates 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 maxi-
mum).

The data can be loaded back to the instrument for further use.
Example CSV1: Waveform of channel 1, single values

in s,CH1 in 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

in s,CH1 in 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+00,1.400E-04

Example CSV3: FFT

in Hz,FFT in 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.

9.2.2.2 TXT Format

TXT files are ASCII files that contain only amplitude values but no time values. Ampli-
tude values are separated by commas. Pairs of values are listed as two subsequent
single values, without any identification. Amplitude values are given in scientific nota-
tion. There is no comma at the end of the file.

Amplitude values are given in scientific notation.
Example: TXT file

1.000E-02,1.000E-02,1.000E-02,1.000E-02,3.000E-02

User Manual 1333.1611.02 — 08 159

839145 010-62176785 www . hyxyyq.com



R&S®RTB2000 Documenting Results

9.2.2.3 BIN Format
BIN files contain only binary amplitude values 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.

You can set the word order: BIN MSBF saves data in Big Endian order - beginning with
the MSB (Most Significant Byte) and ending with the LSB (Least Significant Byte). BIN
LSBF saves data beginning with the LSB and ending with the MSB. Pairs of values are
listed as two subsequent single values, without any identification.

9.2.2.4 FLT Format
FLT files contain amplitude values in float format, where a 32-bit float value is saved in
4 successive bytes.

You can set the word order: FLT MSBF saves data in big endian order - beginning with
the MSB (most significant byte) and ending with the LSB (least significant byte). FLT
LSBF saves data beginning with the LSB and ending with the MSB.

9.2.2.5 TRF Format

TREF is the specific binary format for reference waveforms of the R&S RTB2000. It con-
tains the amplitude value of each sample that is displayed on the screen (8 bit or 16 bit
long). For peak-detect waveforms, 2 values per sample are saved. The file contains
also 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 RTB2000.

9.3 Annotations

Using the annotation tool, you can mark important places in the diagram and add text.
Then you can save the annotated diagram in a screenshot.

To create annotations
1. Tap the "Annotation" icon in the toolbar.

2. Use the annotation tools to draw and write on the screen.
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1 = Annotations on / off

2 = Drawing tools

3 = Text tool

4 = Eraser to delete single lines

5 = Remover to delete all annotations

3. To finish, tap the "Annotation" icon in the toolbar again.
To change the tool, switch the "Annotation" tool off and on again.

9.4 Screenshots

You can create and save screenshots of the current display of your waveforms and
measurement results. The R&S RTB2000 saves screenshots to USB flash drive. To
save screenshots quickly, you can use the "Screenshot" toolbar icon or the [Camera]
key.

You can configure the [Camera] key to save screenshots by a single keypress. See
also Chapter 9.5, "Quick Save with OneTouch", on page 163.

=& The "Screenshot" toolbar icon saves the current display to a file according to the set-
tings in "File" menu > "Screenshots". See also "Configuring the Toolbar" on page 32.
Screenshot

To save screenshots:
1. Press the [Save Load] key.
2. Disable "OneTouch"

3. Press the B key each time when you want to save a screenshot.
Alternatively, tap the "Screenshot" toolbar icon. To see the icon, add it to the tool-
bar.
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To configure screenshots:

1. Press the [Save Load] key.

2. Select "Screenshots".

3. Adjust the target directory ("Destination"), flename, format, and color mode.

You can save the current display with "Save", or close the dialog box. The screen-
shot settings are saved and applied when you create screenshots with the ¥ key.

Destination
The destination /USB_FRONT is only active, if a USB flash drive is connected to the
front USB port.

Tap and select the target folder. Tap "Accept Dir." to confirm selection.

Remote command:
MMEMory:CDIRectory on page 416

File Name
Specifies the name of the file to be saved. The default is SCR01 or a higher number,
depending on existing files in the target directory.

Remote command:
MMEMory : NAME on page 413

Format
Selects the file format.

e "BMP": Bitmap is an uncompressed format, files are large and saving can take
some time.

e "PNG": Portable Network Graphics is a graphic format with lossless data compres-
sion.

Remote command:
HCOPy:FORMat on page 414

Color Mode
Selects the color settings for the screenshot to be saved.

® "Grayscale": Converts the display colors to a monochrome image
e "Color": Keeps the original display colors in the screenshot.
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® "Inverted": Inverts the colors of the output, so that a dark waveform is printed on a
white background.

® "Inverted (gray)": Inverts the colors of the output, and converts to a monochrome
image.

Remote command:
HCOPy:COLor: SCHeme on page 414

Save
Saves the screenshot to the specified file. The used path and filename are displayed
when the storage is completed.

Remote command:
HCOPy[:IMMediate] on page 413

9.5 Quick Save with OneTouch

The & key initiates one or more assigned saving actions. By default, the key saves a
screenshot.

If OneTouch is enabled, you can assign the following actions to the K& key:
® Save instrument settings.
® Save a screenshot using the settings in [Save Load] > "Screenshots".

® Save waveforms using the settings in [Save Load] > "Waveforms". If "History Data"
is selected under "Points", this setting is ignored, and the acquired data of the new-
est segment is saved.

® Save reference waveforms.

® Save search results.

® Decoded bus data ("Bus Table", requires at least one protocol option for serial bus.
e Statistical results. OneTouch is the only way to save statistical results.

All data is saved to a ZIP file on the connected USB flash drive.

To configure and use OneTouch:
1. Connect the USB flash drive.
2. Press the [Save Load] key.

3. Enable "OneTouch".

4. Tap "onetouch".
5

Select the target directory ("Destination"), filename, and data you want to save.
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6. To save the data now, tap "Save".
7. Close the dialog.

8. Press the B key each time when you want to save the data.

9.6 Export and Import

To copy reference waveforms, formularies (equation sets), and instrument settings
from the internal storage to USB flash drive or vice versa, the "Import Export" functions
are used.

The name of the target file can be changed, so you can copy and rename in one oper-
ation. For reference waveforms, you can also change the target file format and convert
the data during export/import.

1. Connect the USB flash drive.
2. Press the [Save Load] key.

3. To copy setup files, select "Setup" > "Import Export".
To copy reference waveforms, select "References".
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Import/Export

Source File
Internal
Dest. Path
Front USB
Dest. Name
EXPORT1

Import

u Export

Import/export menu for
instrument settings and
equations

Define the source file for the copy operation:

a) Tap "Source File".

References

Source File
Internal
Dest. Path
Front USB
Dest. Name
REFO1
Dest. Format
TRF

Import

u Export

Import/export menu for
reference waveforms

Documenting Results

b) If necessary, change the storage location with "Location".
c) Select the folder that contains the source file.
d) Select the file. A small screenshot helps to identify the file.

e) Tap "Load".

The source file is selected, but not loaded to the R&S RTB2000.

Define the target directory.

a) Tap "Dest. Path".

b) If necessary, change the storage location with "Location".
c) Select the target folder. You can also create a folder here.

d) Tap "Accept Dir.".

If necessary, change the name of the target file in "Dest. Name".

Note: If a file with the same filename already exists in the destination directory, it
will be overwritten without notification.

For reference waveforms, you can change the file format in "Dest. Format".

Tap "Import Export".

The source file is copied to the destination directory with the specified name and

format.
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10 General Instrument Setup

The general instrument settings are available in all operating modes.

10.1 Instrument Settings

» To open the "Setup" menu:
a) Tap the "Menu" rhomb icon in the lower right corner of the screen.

b) Scroll down. Select "Setup".

Device Information

Displays information on the instrument, such as its serial number, the installed firm-
ware version and hardware information. This information is required if you have a sup-
port request. The dialog also contains a link to the "Open Source Acknowledgment".

Language
See Chapter 10.6, "Setting the Data, Time and Language", on page 174.

Self Alignment
See Chapter 10.5, "Performing a Self-Alignment", on page 173.

Probe Adjust

Opens the wizard for probe compensation. You can find this function also when you
press the [Apps Selection] key.

See: Chapter 4.2, "Adjusting Passive Probes", on page 37.
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Interface

Activates or deactivates additional instrument interfaces. Use these interfaces to com-
municate with the instrument, for example to read out data or automate the measuring
station. USB and Ethernet (LAN) interfaces are installed in the rear panel. After select-
ing an interface, tap "Parameter" to define additional parameters.

USB < Interface

Activates the type B USB interface on the rear panel for remote control. This USB
interface provides a simple way to connect the instrument to a PC. The USB 2.0 stan-
dard is supported. Use a connection cable that is suitable for a type B USB interface.

See also: Chapter 11.2, "USB Connection”, on page 181.

Ethernet < Interface
Activates the Ethernet interface on the rear panel, which allows connecting the instru-
ment 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 Ethernet parameters are available.

See also: Chapter 11.1, "LAN Connection", on page 178.

Parameter — Interface
Opens a dialog to configure Ethernet parameters, or to select the USB connection
depending on the selected interface.

Aux Out
Opens the "Aux Out" menu to define which signals are generated at the [Aux Out] con-
nector.

Trigger Out

10 MHz

Function Generator

"Off" Disables the auxiliary output.
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"Trigger Out" Outputs a pulse when the instrument triggers.
"10 MHz" Outputs a 10 MHz reference frequency.

"Function Generator"
Outputs the waveform specified in the "Function Generator" dialog.

"Mask Violation"
Outputs a pulse when a mask is violated.
This setting is only available if the "Mask" application is selected in
the "Apps Selection" dialog.

Remote command:
TRIGger:0UT:MODE on page 432

Firmware Update
See Chapter 10.8, "Updating the Firmware", on page 176.

Options
See Chapter 10.7, "Options", on page 175.

Date & Time
See Chapter 10.6, "Setting the Data, Time and Language", on page 174.

Education Mode
Disables several functions for educational purposes or enables these functions for nor-
mal usage.

Education Mode

Education
Mode . I

***  Set Password

"Education Mode"
If enabled, the autoset, quick measurement and automatic measure-
ment are disabled and not available. The active education mode is
indicated in the upper right corner by a doctoral cap icon.

"Set Password"
You can enter a password to prevent unauthorized activation or deac-
tivation of the education mode.
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"Clear Password"
Deletes the password and allows all users enabling or disabling the

education mode. You have to enter the password first before you can
delete it.

Using the remote command, you can clear the education mode pass-
word without using the password.

Remote command:

SYSTem:EDUCation:PRESet on page 429

Secure Erase
Deletes current instrument configuration data and user data from the internal storage

(for example, reference files, equation sets, masks). Calibration data remains in the
storage.

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.

Unintended "Secure Erase" is prevented by a notification that explains what happens if
you proceed. To start "Secure Erase", select "Yes", otherwise select "No". Do not turn
off the instrument before the erasing process has been completed.

10.2 Display Settings

» To delete all waveforms and measurement results from the display, press the
[Clear Screen] key.

|;| » To open the "Display" menu:

a) Tap the "Menu" icon in the lower right corner of the screen.
b) Scroll down. Select "Display".

Display

Persistence

Intensities

DotsOnly O

Inverse
. o
Brightness I

Grid
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» To remove all waveforms and results from the display, press the [Clear Screen] key
at the front panel.

Persistence
Defines the persistence (afterglow effect) of the waveform on the display.

"Off" Deactivates persistence.
"Manual" User-defined persistence according to "Time" setting.
"Infinite" Activates persistence with infinite duration. Each new data point

remains on the screen infinitely until this setting is changed or the
persistence is cleared

Remote command:
DISPlay:PERSistence:TYPE on page 422

Time «— Persistence

Specifies the afterglow duration if "Persistence" is set to "Manual". Each new data
point remains on the screen for the time defined here. Values range from 50 ms (=
default) to 12.8 s.

Remote command:
DISPlay:PERSistence:TIME on page 422

Intensities
Provides functions to define the brightness (relative luminous intensity) of display ele-
ments and control LEDs.

You can also open this menu directly using the [Intensity] key.

Intensities

Waveform
50 %

Grid

50 %
LED Brightness
75%

Waveform «— Intensities

Defines the brightness of the waveform lines in the diagram. Enter a percentage
between 0 (barely visible) and 100% or turn the [Navigation] knob to adjust the wave-
form brightness directly. The default value is 50%.

Remote command:
DISPlay:INTensity:WAVeformon page 424

Grid < Intensities
Defines the brightness of the grid lines in the diagram. Enter a percentage between 0

(barely visible) and 100% or turn the [Navigation] knob to adjust the grid brightness
directly. The default value is 50%.
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Remote command:
DISPlay:INTensity:GRID on page 424

LED Brightness < Intensities
Defines the intensity of illuminated front panel keys and rotary knobs in percent.

Remote command:
DISPlay:INTensity:BACKlight on page 424

Dots Only
If activated, only the individual data points are displayed. If deactivated, the individual
data points are connected by a line.

Remote command:
DISPlay:STYLe on page 425

Inverse Brightness

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 425

2] Lines

[ Reticle

[] off

Annotation

Track 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 424

Annotation — Grid
Enables or disables the display of scale values and units for the x-axis and y-axis at
the grid lines. Per default, grid labels are enabled.
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Remote command:
DISPlay:GRID:ANNotation[:ENABle] on page 425

Track Grid — Grid
If enabled, the grid moves with the waveforms if you change the waveform's position in
horizontal or vertical direction.

If disabled (= default), the grid remains centered on the display if you change the wave-
form's position.

Remote command:
DISPlay:GRID:ANNotation:TRACk on page 425

10.3 Reset

Reset is helpful if the instrument is in undefined condition and cannot be operated.

To reset all waveform and measurement settings:
» Press [Preset].

Preset does not change the display settings, for example, intensities and brightness.
To reset these settings, restore the factory settings.

To restore the factory settings:

1. Press [Save Load].

2. Tap "Setup".

3. Tap "Factory Default".

If it is not possible to reset the instrument using the keys and the touchscreen, proceed
as follows:

1. Shut down the instrument: press the [Standby] key.

2. Start the instrument: press the [Standby] key.

3. As soon as the message "Press Autoset to restore English language" is shown on
the start screen: Press and hold the Preset key until the "Update firmware" dialog is
shown.

4. Tap "Exit" to close the dialog box.

All instrument settings are reset to factory defaults, and you can use the instrument
as usual.
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10.4 Locking the Touchscreen

The Touch Lock key locks the touchscreen to prevent unintended use. When the
touchscreen is off, the key is illuminated. Press again to unlock the touchscreen.

10.5 Performing a Self-Alignment

The self-alignment aligns the data from several input channels vertically and horizon-
tally to synchronize the timebases, amplitudes and positions.

Recommendation on performing the self-alignment:

® When putting the instrument into operation for the first time

e After a firmware update

® Once a week

® \When major temperature changes occur (> 5°)

Preparing the instrument for self-alignment

Make sure that the instrument has been running and warming up before you start the
self-alignment. The minimum warm-up time is indicated in the data sheet.

Before the self-alignment, remove all probes, leads, and other connected lines from the
instrument input.

1. Remove all probes, leads, and other connected lines from the instrument inputs.
Open the "Setup" menu.

Tap "Self Alignment"

A w0 DN

Tap "Start".

The alignment can take up to 15 minutes. You can stop the process with "Abort".
5. When finished, tap "OK" to close the message box.

6. Tap "Exit".

Description of settings

Save Alignment
Log file
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Start
Starts the internal self-calibration of the instrument. Status information is displayed on
the screen.

Remote command:
CALibration on page 426

Save Alignment Log file
The log file records the results of the self-alignment. You save the log file.

Remote command:
CALibration:STATe? on page 426

10.6 Setting the Data, Time and Language

The instrument has a date and time clock. You can adjust the clock to the local time,
and you can select the display language. Supported languages are listed in the data
sheet. The help is provided in English. A reboot of the instrument is not necessary.

To set date and time
1. Open the "Setup" menu.
2. Scroll down the menu. Tap "Date & Time".

3. Select the date: Scroll the year, month, and day columns until the required date is
displayed.

4. Select the time: Scroll the hour and minute columns until the required time is dis-
played.

2016 26

2017 - Jan - 27 Tl
2

2018 Feb 8

5. Tap "Save".

To set the language

1. Open the "Setup" menu.
2. Tap "Language".

3. Select the language.

The language is changed immediately.
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Description of settings

Language
Selects the language in which the button labels and other screen information is dis-
played. The help is available only in English.

Remote command:
DISPlay:LANGuage on page 421

Date & Time
Provides a dialog to set the current date and time in the instrument.

Remote command:
SYSTem:DATE on page 427
SYSTem:TIME on page 427

10.7 Options

All options are activated by license keys. No additional installation or hardware change
is required.

Unregistered licenses

Unregistered licenses are not assigned to a particular instrument. The instrument
accepts only registered licenses. If your license is delivered unregistered, use the
online tool R&S License Manager to register the license for your instrument. The regis-
tration of a permanent license is irreversible, so ensure that you register it for the cor-
rect instrument. The address of the tool is https://extranet.rohde-schwarz.com/service.

The "Active Options" tab provides information on installed software options. Here you
can install new options or deactivate existing options using license keys.

The "Inactive Options" tab lists all deactivated and expired options.

The "Deactivated Options" tab shows all deactivated options with their deactivation
information and provides a function to export the deactivation response. The response
is required by the R&S License Manager.

10.7.1 Activating Options
Consult your sales representative and provide the material number, serial number, and

the device ID of your instrument to get a license key. You find this information in
"Setup" menu > "Device Information".

The license key is provided in written form or in a file. Unregistered licenses must be
registered in the R&S License Manager before they can be activated on the instru-
ment.

1. If you received the option key in a file, save the file to a USB flash drive.
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2. Connect the drive to the R&S RTB2000.

3. Tap the "Menu" icon in the lower right corner of the screen.

4. Scroll down the menu. Tap "Setup".
5. Select "Options".

6. If you received a key in written form, tap "Input option key manually". Enter the key.
If you received a key in digital form as a file, tap "Read option key from file". Select
path /USB FRONT and the option key file.

Options

Read option key
from fila

Input option key
manually

Options

Active Options

7. If you want to activate several options, repeat step 5 for each option.

8. Restart the instrument.

10.8 Updating the Firmware

Your instrument is delivered with the latest firmware version. Firmware updates are
provided on the Internet at
www.rohde-schwarz.com/firmware/rtb2000.

Along with the firmware file, you find the Release Notes describing the improvements
and modifications.

Make sure to update the firmware if a new version is available.

1. Download the firmware installation file * . fwu to a USB flash drive.
2. Connect the USB flash drive to the USB connector at the front of the instrument.

3. Tap the "Menu" icon in the lower right corner of the screen.

4. Scroll down the menu. Tap "Setup".

5. Select "Firmware Update"

User Manual 1333.1611.02 — 08 176

839145 010-62176785 www . hyxyyq.com


http://www.rohde-schwarz.com/firmware/rtb2000

R&S®RTB2000 General Instrument Setup

Now you can see an info window with information about the installed and new firm-
ware and front controller firmware. If you have no newer firmware than the installed
one, a message appears.

6. Tap "Execute" to start the firmware update.

Wait until the update has finished. After installation, the instrument restarts auto-
matically.
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11 Network Connections and Remote Opera-
tion

11.1 LAN Connection

The R&S RTB2000 is equipped with a network interface and can be connected to an
Ethernet LAN (local area network). A LAN connection is necessary for remote control
of the instrument, and for access from a computer using a web browser.

Connecting the instrument to the LAN

1. Connect the LAN cable to the LAN connector at the rear panel of the instrument.
2. Open the "Setup" menu.
3. Tap "Interface".

If the menu items are grayed, the connection failed. Check the connection of the
LAN cable and the network availability.

4. Tap "Ethernet" to select LAN connection.

5. Tap "Parameter".

You see all connection details on the display, and you can save them to a file.
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Ethernet Setup

IP Mode DHCP/Auto IP v ; ;

IP l0.124. 2. 66 Ethernet

Subnet mask 255,255,252, 0O
O Reset
1

Gateway 10.124. 0.

DNS Server 10. 0. 23.153
Save

IP Port Transfer Auto
VXI-11 Port 1 Gbps - Full Duplex

Link

MAC 00-90-bB-1f-ed-cl
VISA TCPIP::10.124.2.66:INSTR Status DHCP, IP addrass received

Host name Password

Figure 11-1: Example of the Ethernet setup dialog and menu

Description of settings

IP Mode

Selects the Internet protocol mode:

e "Manual": To be used if the network does not support dynamic host configuration
protocol (DHCP). The addresses must be set manually.

e "DHCP/Auto IP" enables DHCP for automatic network parameter distribution and
shows the values of these parameters. By default, the instrument is configured to
use dynamic configuration and obtain all address information automatically. Thus, it
is safe to establish a physical connection to the LAN without any previous instru-
ment configuration.

Note that refreshing the values (for example after disconnecting the LAN cable and
reconnecting it) may take a while, depending on the network responsiveness.

Remote command:
SYSTem:COMMunicate:INTerface:ETHernet : DHCP on page 430

IP, Subnet mask, Gateway, DNS Server
Show or specify:

® The instrument's IP address.

® The IP subnet mask used by the instrument.
® The IP gateway used by the instrument.

® The address of the domain name server.

Remote command:

SYSTem:COMMunicate:INTerface:ETHernet: IPADdress on page 430
SYSTem:COMMunicate:INTerface:ETHernet : SUBNet on page 430
SYSTem:COMMunicate:INTerface:ETHernet:GATeway on page 430
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IP Port, VXI-11 Port
Specify the IP port number (default = 5025) and the VXI-11 port number (default =
1024).

Remote command:
SYSTem:COMMunicate:INTerface:ETHernet:IPPort on page 431
SYSTem:COMMunicate:INTerface:ETHernet:VXIPort on page 431

Link
"Yes", if the instrument is connected to a local area network via the LAN interface on
the rear panel.

"No", if no LAN connection is detected.

Transfer
Enables automatic transfer speed selection and shows the currently selected value.

Alternatively, you can select one of the predefined settings that corresponds to your
network data rate.

Remote command:
SYSTem:COMMunicate:INTerface:ETHernet: TRANsfer on page 431

MAC, VISA

Show the instrument's media access control address, and the virtual instrument soft-
ware architecture (VISA) address that is used to address the instrument in remote con-
trol.

Remote command:
SYSTem:COMMunicate:INTerface:ETHernet:MACaddress? on page 431

Host name
Shows or specifies the name of the instrument, which the instrument can use to con-
nect to the DHCP server.

Status
Shows the connection status, for example "Allocating network address" or "DHCP, IP
address received".

Password
Specifies an optional password for remote access to the instrument.

Reset

Deletes all IP address settings, and removes the address from the VISA string. All
other settings are set to default values.

Save

Retrieves a DHCP address from the DHCP server or checks the manual IP address,
updates the VISA string, checks connection and saves all settings in the instrument.

User Manual 1333.1611.02 — 08 180

839145 010-62176785 www . hyxyyq.com



R&S®RTB2000 Network Connections and Remote Operation

11.2 USB Connection

In addition to a LAN connection, you can use the USB connector at the rear panel to
access the instrument via USB.
Connecting the instrument using USB

1. Connect the USB cable to the USB type B connector at the rear panel of the instru-
ment, and to the computer.

2. Open the "Setup" menu.
3. Tap "Interface".

4. Tap "USB" to select USB connection.
5. Tap "Parameter".

6. Select the USB mode.
e USB TMC (Test & Measurement Class)
e USB VCP (Virtual Com Port)
e USB MTP (Media Transfer Protocol)

11.21 USB TMC

USB TMC means USB Test & Measurement Class. You can use this interface for
remote control of the instrument using SCPI commands. USB TMC does not need a
driver installation but requires a VISA installation on the controlling computer. VISA is
used to access the instrument, to send remote commands, and to read status informa-
tion.

Rohde & Schwarz provides the standardized 1/O software library R&S VISA for com-
munication via TCP/IP (LAN: HiSlip, VXI-11) or USB (USBTMC) interfaces. R&S VISA
is available for download at the Rohde & Schwarz website www.rohde-schwarz.com/
rsvisa.
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11.2.2 USB VCP

USB VCP uses the virtual COM port (VCP) to communicate with the measuring instru-
ment. You can use any terminal program to send SCPI commands. USB VCP requires
a USB VCP driver on the controlling computer. If the computer requests a driver instal-
lation, you can download the driver at the Rohde & Schwarz website (www.rohde-
schwarz.com/de/treiber/hmo/, HO732). You need administrator rights to install the
driver.

11.2.3 USB MTP

USB MTP is the USB media transfer protocol. It is a solution to load data from the
oscilloscope to the computer. Remote control using SCPI commands is not possible.

USB MTP does not need a driver installation. If the instrument and the computer are
connected with a USB cable and USB MTP is selected as interface, you can access
the oscilloscope data from the computer. You see the oscilloscope in the computer's
Device Manager and in the file explorer as portable instrument.

11.3 Remote Access Using a Web Browser

The R&S RTB2000 firmware contains a web server. If a LAN connection is established,
you can access the instrument remotely using a web browser on the control computer.
The browser access allows you to:

® Check instrument data

® Save and print screenshots

® Send remote commands

® Save waveform and instrument data

® Check network settings

® (Change the password

® See a live view of the display

® Control the instrument remotely

11.3.1 Accessing the Instrument Using a Web Browser

To access the R&S RTB2000, you need a LAN connection and the IP address of the
instrument.

1. Obtain the IP address of the R&S RTB2000:

e Tap the green network icon in the top right corner of the screen.
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e "Setup" menu > "Interface" > "Ethernet" > "Parameter" > "IP".
2. Open an Internet browser on the control computer.

3. Enter the IP address of the R&S RTB2000 in the address line: http://
XXX.YYY.ZZZ.XXX.

The "Instrument Home" page opens.
If already another user is using the instrument via web access, connection is not possi-
ble, and you get an information about that.
11.3.2 Instrument Home

The "Instrument Home" page provides information on the instrument and the LAN con-
nection.

11.3.3 Screenshot

The "Screenshot" page shows a copy of the instrument's display. It also provides
instrument control functions and screenshot settings.

Instrument control

® "Run" and "Stop" = start and stop continuous acquisition, same as [Run Stop] key
on the instrument.

® "Single" = Single key on the instrument
e "Autoset" = [Autoset] key on the instrument
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® "Preset" = [Preset] key on the instrument

Screenshots

e "Auto refresh" and "Update"
Get the current screen content from the instrument. With "Auto refresh", you can
set the interval of automatic updates.

® "Format" and "Color mode":
® Set the file format and color mode of the screenshot.

> To save the screenshot, right-click the picture and select "Save image as".

11.3.4 SCPI Device Control

On the "SCPI Device Control" page, you can check how the transfer of remote com-
mands is working.

You can enter a single command, for example; * 1DN?, and transmit it with "Send". Do
not press the [Enter] key.
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If the sent command has an error, an error message is created in the background, and
you do not get any response. You can see the error messages using "Last Error Mes-
sage" and "All Error Messages"

SGPI Device Gontrol

The device may be controlled with special commands (SCPI - 8tandard Commands for Programmable Instruments), Please take
the respectively valid instruction set from the documentation delivered with the device, If you type a wrong command or use a
wrong syntax, the device creates an error message which is not send immediately, complying with the standard, but can be
requested separately. In this case you will not get a response. &n easy way to request the error messages is to use the two
huttons.

Command: 10T Send

Last Error Message All Error Messages

Rohde&Schwarz, RTB2004,1333.1005k04/900012,01.200

Response:
11.3.5 Save/Load
On the "Save/Load" page, you can save waveform data and instrument settings to a
file - either on the computer (local host) or on the instrument. On the computer, the
default storage directory is the download folder, but you can change the directory using
the download functions of your browser. On the instrument, the files are saved in the
internal storage.
You can also load reference waveforms and instrument settings from file to the instru-
ment ("Load from local host").
To save data to a file on the computer
1. Under "Save to local file", select the waveform or the device settings in the
"Source" list.
2. Select the file "Format".
See also:
e Chapter 9.2.2, "Waveform File Formats", on page 158
e Chapter 6.3, "Reference Waveforms", on page 83
3. For analog and digital channels, select whether you want to read out the display
memory ("Display Data") or the entire acquisition memory ("Acq. Memory").
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4. Click "Save".

Save/Load

If yvou want to save a waveform to a file, you first have to select the waveform, format and data. The number of samples and

the file size will be indicated below. To download the waveform file, use the "Save" button.

Save to local host

Source: |Channel 1 v Format: Points: | Display Data

Save

Source: Channel 1

Samples: 100000

File size (approx.): 1123 kB

Sample number may be reduced due to running acquisition.

Load from local host (max. 256 kB)

Destination: Source File: Browse...

Save to file on instrument

Source: |[Channel 1 W Dest. File:

Load from file on instrument

Destination: Source File: AUTOSAVE_ARB.TRF v

11.3.6 Network Settings

Save

Load

On the "Network Setting" page, you can change the port settings, switch off DHCP
address and enter an IP address in a more comfortable way than directly on the instru-

ment. To take effect of the changes, "Submit" them to the instrument.

"Reset" removes all modified values that were not yet sent to the instrument.
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Network Settings Print view L,

Warning: Changing the network settings may result in loss of connection!

Host name |R-RTB2004-01136 |
Description |Rohde&Schwarz RTB2004 - 101136 |
IP Mode ® automatic O Manual
IP Address 10 . [124 .1 .15
Subnet mask 255 .|255 .|252 .10
Default Gateway 10 . |124 .0 .1
DNS Server 10 .0 .23 .[153
IP Port
Transfer [Auto v

| Submit | | Reset |

11.3.7 Change Password

On the "Change Password" page, you can change or remove the password to protect
remote access to the instrument. Alternatively, you can change the password in the
Ethernet settings dialog on the instrument.

11.3.8 Livescreen

You see a live view of the instrument's display. Controlling the instrument is not possi-
ble, and only one remote connection to the livescreen is allowed at a time. Use this
page for demo purposes, for example.

To close the livescreen, select "Instrument Home".

11.3.9 Remote Front Panel

On the "Remote Front Panel" page, you can remotely operate the instrument using the
emulated front panel. A live view of the instrument's front panel is shown. You can use

the keys, the knobs and the menus in the same way as directly on the instrument. Only
one remote connection to the remote front panel is allowed at a time.

To close the "Remote Front Panel", select "Instrument Home".
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12 Serial Bus Analysis

Using the R&S RTB2000 and additional options, you can analyze the following serial
protocols:

® SPI no CS (Serial Peripheral Interface with 2 lines) and SPI with CS (Serial Periph-
eral Interface with 3 lines) - requires option R&S RTB-K1
See Chapter 12.2, "SPI Bus (Option R&S RTB-K1)", on page 198.

® |2C (Inter-Integrated Circuit bus) - requires option R&S RTB-K1
See Chapter 12.3, "I*C (Option R&S RTB-K1)", on page 206.

® UART/RS232 (EIA-232 serial interface) - requires option R&S RTB-K2
See Chapter 12.4, "UART / RS232 (Option R&S RTB-K2)", on page 215.

® CAN (Controller Area Network) - requires option R&S RTB-K3
See Chapter 12.5, "CAN (Option R&S RTB-K3)", on page 222.

® LIN (Local Interconnect Network) - requires option R&S RTB-K3
See Chapter 12.6, "LIN (Option R&S RTB-K3)", on page 236.

To analyze parallel buses, you need MSO option R&S RTB-B1 to get the logic chan-
nels. See Chapter 13, "Logic Analyzer (Option R&S RTB-B1, MSO)", on page 250.

12.1 Basics of Protocol Analysis

The analysis of serial data consists of the following main steps:

® Protocol configuration:
Select the protocol type, configure the input lines and the protocol-specific settings.
® Decoding:
Select the display format of the decoded data. The digitized signal is displayed on
the screen together with the decoded content of the messages in combs. You can
scale the signal display and zoom into it to see it in more detail.
You can also list the decoded results in tabular form in the bus table.
® Triggering:
You can trigger on various events that are typical for the configured bus type. For
example, trigger on start or stop of messages, or on serial patterns.

® Search:
On CAN and LIN buses, you can search for events. The search events are similar
to the trigger events. The search finds all matching events in an acquisition, while
the trigger finds only the trigger event.

Analysis can be performed on analog and digital input channels. Digital channels
require if MSO option R&S RTB-B1.

You can configure 2 protocol buses and select one of the configured buses for analy-
sis.
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o  Protocol - CommON SEtNGS. .. ..uiiiiiiiiiiaiee et 189
o Displaying Decode RESUILS..........eeiiiiiiiiiiieieiee e 191
o Bus Table: Decode RESUIS..........oooiiiiiiiiiiiiieiee e 192
O BUS LADEIS....cii i a e e e e 194
O Label LISt e a e e 195

12.1.1 Protocol - Common Settings

» To open the protocol setup, press the [Protocol] key.

The common settings in the "Protocol” menu define the bus type and open further
menus to adjust the display of the decoded bus signal.

s

Bus Type
SPI (no CS) v

Parallel

Parallel Clocked Decode N |

SPI {no CS)

Configuration
SPI (with CS)

Trigger
l2C

UART Display Setup

Bus

CAN Table

Label

Figure 12-1: Protocol menu with bus types expanded

Bus
Selects the bus to be configured and analyzed.

Bus Type
Defines the bus or interface type for analysis. Available buses depend on the installed
options.

Remote command:
BUS<b>:TYPE on page 434

Decode
Enables protocol decoding for the selected bus.
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Remote command:
BUS<b>:STATe on page 434

Configuration
Opens or closes the dialog box with configuration settings of the selected bus.

The following chapters describe manual protocol configuration:
Chapter 13.5, "Parallel Buses", on page 254

Chapter 12.2.2, "SPI Configuration”, on page 199

Chapter 12.3.2, "I°C Configuration", on page 208

Chapter 12.4.2, "UART Configuration", on page 216
Chapter 12.5.2, "CAN Configuration”, on page 224
Chapter 12.6.2, "LIN Configuration”, on page 238

Trigger
Opens the trigger setup for the selected protocol.

The following chapters describe protocol triggering:
Chapter 12.2.3, "SPI Trigger", on page 202
Chapter 12.3.3, "I°C Trigger", on page 209
Chapter 12.4.3, "UART Trigger", on page 219
Chapter 12.5.3, "CAN Trigger", on page 226
Chapter 12.6.3, "LIN Trigger", on page 240

Triggering on parallel buses is not possible.

Note: Selecting "Trigger" in the protocol menu automatically enables protocol decod-
ing.

Display Setup
Opens a menu to define display settings, e.g. data formats. Display settings are valid
for all protocol types.

See Chapter 12.1.2, "Displaying Decode Results", on page 191.

Label List
Opens a menu to load and apply a list with symbolic names of addresses or identifiers.
Only available for CAN and LIN.

See Chapter 12.1.5, "Label List", on page 195.

Bus Table
Opens a menu to define bus table settings for the decoded frames of the acquisition.

See Chapter 12.1.3, "Bus Table: Decode Results", on page 192.

Label
Opens a menu to define a label for the selected bus.

See Chapter 12.1.4, "Bus Labels", on page 194.
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12.1.2 Displaying Decode Results

When the configuration of a serial bus is complete, the instrument can decode the sig-
nal. The decode results are displayed in two ways:

® Bus signal with combs, time-correlated to the input signals. The combs show the
values of the frames or words.

® Bus table. The table lists data values and time information of the frames or words.
For details, see Chapter 12.1.3, "Bus Table: Decode Results", on page 192.

To decode a serial bus

» In the "Bus" menu, enable "Decode".

The bus signal with combs is shown. The colors of the combs are protocol-specific
and described in the "Decode Results" chapters of the protocol description.

To adjust scaling and position of the decoded bus signal

1. The horizontal size of the combs is defined by the horizontal time scale, which is
the same for input signals and the bus signal. Turn the horizontal [Scale] knob to
change the time scale.

2. To adjust the trigger position, turn the horizontal [Position] knob.

3. The vertical size and position are specific for the selected bus signal.

a) Tap the bus signal to set the focus to it.

b) Turn the vertical [Scale] knob to set the height of the combs.

c) Turn the upper knob in the Vertical section to move the bus signal vertically on
the screen.

d) To set the signal to the center of the display, press the upper knob in the Verti-
cal section.

Remote commands
® BUS<b>:DSIZe on page 436
® BUS<b>:POSition on page 436

To set the data format and bit display
1. Press the [Protocol] key.
2. Select "Display Setup".
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Display

Selects the decoding format of the data: binary, hexadecimal, decimal, octal or ASCII.
The setting applies to the data in the combs of the decoded bus line, and to the bus
table.

Remote command:
BUS<b>:FORMat on page 435

Bits
Enables the display of the individual bit lines above the decoded bus line.

Remote command:
BUS<b>:DSIGnals on page 435

12.1.3 Bus Table: Decode Results

The bus table shows the detailed decoded data for each frame of the acquisition. At
running acquisition, the table results are updated continuously. In stop mode, you can
access the individual frames and analyze them. You can also save the results to CSV
file.

Bus Table: B1 {CAN: C1, H, 50000 Bit/s)

-10.032us Remote 01454321
1.770ms Data 01A54321 526F686465
4.330ms Data 01A54321 26
6.270ms Data 321 5300

Frames: 1—-4 14

100 my/

Figure 12-2: Example of a bus table: decode results of a CAN bus

User Manual 1333.1611.02 — 08 192

839145 010-62176785 www . hyxyyq..com



R&S®RTB2000 Serial Bus Analysis

To open the bus table
1. Inthe "Bus" menu, select "Bus Table".

2. Select "Bus Table".

The menu entry gets highlighted, and the bus table is shown below the diagram.

To navigate in the bus table

1. To adjust the table size, drag up or down one of the arrow buttons on the left or
right.

N

Stop the acquisition.

3. Inthe "Bus Table" menu, select "Track Frame".

B

Tap a frame in the bus table.

The start of the selected frame is marked by a line and a rhomb. This marker is
moved to the center of the diagram, followed by the decoded data.
To save the bus table
1. If you want to save the data outside the instrument, connect a USB flash drive.
2. Tap the "Save" symbol in the upper right corner of the bus table.

3. Select the correct "Destination" and the path.
You can also store the data on the instrument. Therefore, select the "Destination”
"/INT/BUSTABLE".

4. If necessary, change the filename and enter a comment.
5. Tap "Save".
The data is saved to a CSV file.

Bus table menu

Bus Table
Displays or hides a table of decoded signal data.

Remote command:
BUS<b>:RESult on page 436
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Track Frame
If enabled, the selected frame in the bus table is automatically synchronized with the
waveform display.

The function is only available if the acquisition has been stopped.

Frame time difference

If selected, the time column in the bus table shows the frame's time difference to the
previous frame. The column is indicated with "Time diff.". If the setting is disabled, the
absolute time in relation to the trigger point is shown in the "Start Time" column.

Save
Opens the "Save" menu to save the decoded data in a CSV file (comma-separated
list).

12.1.4 Bus Labels
A bus label is a name of a bus. The bus label is shown on the right side of the display
at the bus signal, and in the bus table.

Do not confuse "Label" and "Label List". The "Label" names the bus, while the "Label
List" contains the names of bus nodes identified by addresses or identifiers.

Access: [Protocol] > "Label"

Predefined Label
[2€

T Edit Label

Label

Displays or hides the bus label. The bus label is shown on the right side of the display
at the bus signal, and in the bus table. The bus and its label are only visible, if
"Decode" is enabled.

You can enter a label text in several ways:
® Select a string from the library list with "Predefined Label".
® Enter a user-defined text using "Edit Label".

Remote command:
BUS<b>:LABel:STATe on page 435

Predefined Label
Selects a predefined label text. You can edit the text with "Edit Label".

Edit Label
Opens on-screen keypad to enter a label text. If you previously have selected a prede-
fined label, it is already written in the entry line, and you can modify it.
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The maximum name length is 8 characters, and only ASCII characters provided on the
on-screen keypad can be used.

Remote command:
BUS<b>:LABel on page 435

12.1.5 Label List

For all protocols using ID or address identification, it is possible to create label lists
containing addresses or IDs, a symbolic name for each node (symbolic label), and
some protocol-specific information.

You can load label lists, and activate its usage for decoding. As a result, the decoded
signal shows the symbolic label instead of the ID or address values, so it is easy to
identify the messages of the different bus nodes.

You can also use the label list to trigger on an identifier or address. Instead of entering
the value, you select the name, which is defined in the label list.

The format of label list files is PTT.

Label lists are protocol-specific. They are described in the corresponding protocol
chapters:

® Chapter 12.5.6, "CAN Label List", on page 234
® Chapter 12.6.6, "LIN Label List", on page 247

12.1.5.1 Using Label Lists

To load a label list and display the labels

1. Save the label list file on a USB flash drive.
2. Press the [Protocol] key.

3. Configure the protocol.
4

In the "Bus" menu, select "Label List".

Label List

|mg Load

Apply

Show
Label List
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Select "Load".
Navigate to the label list file, select it, and tap "Load".

To read the label list, tap "Show Label List".

© N o o

To see the node labels in the display of the decoded data, tap "Apply".

To trigger on an identifier or address using the label

Prerequisites: The bus is configured, decoding is enabled, and a decoded signal is visi-
ble.

1. Open the "Bus" menu.
2. Select "Trigger".
3. Set the following trigger settings:

a) "<Protocol> Trigger" = "ldentifier", or "ldentifier + Data", or "Address", or
"Address and Data".

b) Tap "Symbolic ID".

c) Select the label. The list provides all symbolic names that are defined in the
loaded file.

4. Close the dialog.

5. Set the trigger mode to "Normal".

12.1.5.2 Content and Format of the PTT File

Label lists are stored as PTT (protocol translation table) files. The PTT file format is an
extension of the CSV format (comma-separated values). You can edit it with standard
editors, for example, with MS Excel or a text editor.

The PTT file has three types of lines:

® Comment lines begin with a hash character #. A hash character at any other posi-
tion in the line is treated like a standard character.

® Command lines begin with a commercial at character @. An @ character at any
other position in the line is treated like a standard character.

® Standard lines are the lines that not qualify as comment or command lines. They
build the core of the label list.

Command lines

Command lines define the version of the PTT file and the protocol name:

® @FILE_VERSION: must appear exactly once in the file

® @PROTOCOL_NAME: must appear at least once in the file. Thus, one file can
contain several label lists for different protocols.

# --- Start of PTT file
@FILE_VERSION =1.0
@PROTOCOL _NAME = i2c
[... Label 1list for I2C]
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@PROTOCOLiNAME = can
[... Label list for CAN]
# --- End of PTT file

Standard lines

Standard lines define the contents of the label list. The rules for standard lines follow
the csv convention, they are:

® \Values are separated by commas

® Space characters following a delimiter are ignored

® Values with a special character (comma, newline, or double quote) must be
enclosed in double quotes

® Text in double quotes must be escaped by double quote characters

The format of the numeric value is indicated by a suffix. The following formats are sup-

ported:
Format Suffix Example
Decimal <empty> 106, DeviceName

d 106d, DeviceName
Hexadecimal h 6Ah, DeviceName

or prefix: 0x6A, DeviceName

Octal o) 1520, DeviceName
Binary b 01101010b, DeviceName

The maximum supported word size for (unsigned) integers is 64 bits.

# --- Start of PTT file

@FILE VERSION = 1.0

@PROTOCOL NAME = i2c

# Following two lines are equal:

7,01h, Temperature

7,01lh, Temperature

# A comma must be enclosed in double quotes:
7,01h, "Temperature, Pressure, and Volume"

# A double quote must also be enclosed in double quotes:
7,7Fh,"Highspeed ""Master"" 01"

# Following lines yield the same result:
7d,0x11, Pressure

7h,11h, Pressure

0x7,17d, Pressure

7,17,Pressure
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12.2 SPI Bus (Option R&S RTB-K1)

L I I o 1o TS T o I o) o Yo o 198
®  SPI CONfIQUIAtION..... e e e a e e 199
L IS | I I 4T T 1= SRR 202
®  SPIDECOUE RESUILS ..uvvvviiiiieiiieieie ettt e e e e e e e e e e e e e e e e e eeeeeeeeesenns 205

12.2.1 The SPI Protocol

A 4-channel instrument is required for full support of the SPI protocol, or the MSO
option R&S RTB-B1.

The Serial Peripheral Interface SPI is used for communication with slow peripheral
devices, in particular, for transmission of data streams.

Main characteristics of SPI are:

® Master-slave communication

® No device addressing; The slave is accessed by a chip select, or slave select line.
® No acknowledgement mechanism to confirm receipt of data

® Duplex capability

Most SPI buses have four lines, two data and two control lines:

® Clock line to all slaves (SCLK)

® Slave Select or Chip Select line (SS or CS)

® Master data output, slave data input (MOSI or SDI)

Master data input, slave data output (MISO or SDO)

When the master generates a clock and selects a slave device, data may be transfer-
red in either or both directions simultaneously.

Figure 12-3: Simple configuration of SPI bus

The data bits of a message are grouped by following criteria:

® A word contains a number of successive bits. The word length is defined in the pro-
tocol configuration.

® A frame contains a number of successive words, at least one word.

For SPI buses, the R&S RTB2000 provides the following trigger possibilities:
® On frame start

® On frame end

® On a specified bit in the message

® On a serial pattern at a specified position
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12.2.2 SPI Configuration

The correct setup of the protocol parameters and the threshold is the condition for
decoding the signal.

To set up and decode an SPI signal (with or without CS)

1. Press the [Protocol] key in the Analysis area of the front panel.
2. Select the bus that you want to use: B1 or B2.

3. Select the "Bus Type" = "SPI (no CS)" or "SPI (with CS)".

4. Select "Configuration".
5

Select the sources of the signal lines, the channels to which the lines are connec-
ted.

6. Set the threshold. Use one of the following methods:

e Tap "Find Threshold". The instrument evaluates the signal and sets the thresh-
old.
e Enter the threshold value in the numeric field.

7. Set the other signal parameters according to the signal characteristics. All settings
are described below.

8. Inthe "Bus" menu, enable "Decode".

SPI configuration settings

SPI Setup
Idle Time 99,993 6 s

Clock 500 my Fall
MOosI 500 mY Low

MISO 500 mY Low
Find Threshold 2/

Word Size

Figure 12-4: SPI (no CS) setup
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SPI Setup
Chip Selact 500 mY

Clock 500 mV
MOsI 500 mV

MIso

Find Threshold 2/

Word Size

Figure 12-5: SPI (with CS) setup
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1 o SR 200
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Threshold, FINd TAreShold............ueeeiiiieie e e e e e e 201
LA o IR = YN 201
Fo L I 1= TSRS 201
Chip Select

Selects the input channel of the chip select (CS) line. Only available in the "SPI (with
CS)" setup.

If the MSO option R&S RTB-B1 is installed, you can use logic channels as source.

Remote command:
BUS<b>:SPI:CS:SOURce on page 437

Clock
Selects the input channel of the clock line.

If the MSO option R&S RTB-B1 is installed, you can use logic channels as source.

Remote command:
BUS<b>:SPT:CLOCk:SOURce on page 438
BUS<b>:SSPI:CLOCk:SOURce on page 440

Slope

Selects if data is sampled on the rising or falling slope of the clock. The clock slope
marks the begin of a new bit.

Remote command:

BUS<b>:SPI:CLOCk:POLarity on page 438
BUS<b>:SSPT:CLOCk:POLarity on page 441

MOSI / MISO / Data
Select the input channel of the data lines. MOSI is mandatory, the MISO line is
optional.
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If the MSO option R&S RTB-B1 is installed, you can use logic channels as source.

Note: MISO is available only on bus 1. On bus 2, you can set only one "Data" line. The
MISO line occupies a second bus line. Thus, if MISO is used on bus 1, bus 2 is not
available.

Remote command:

BUS<b>:SPT:MOST:SOURce = BUS<b>:SPI:DATA:SOURce on page 438
BUS<b>:SPI:MISO:SOURce on page 438

BUS<b>:SSPI:MOST:SOURce = BUS<b>:SSPI:DATA:SOURce on page 441
BUS<b>:SSPI:MISO:SOURce on page 441

Polarity
Selects if the transmitted signal is high active (high = 1) or low active (low = 1).

For CS, the default is low active.
For MOSI / MISO, the default is high active.
For data, the default is high active.

Remote command:

BUS<b>:SPI:MOST:POLarity = BUS<b>:SPI:DATA:POLarity on page 439
BUS<b>:SPI:MISO:POLarity on page 439

BUS<b>:SSPI:MOSI:POLarity = BUS<b>:SSPI:DATA:POLarity on page 441
BUS<b>:SSPI:MISO:POLarity on page 442

Threshold, Find Threshold
Set the signal threshold for the source channel. Enter a value, or use "Find Threshold"
to set the threshold to the middle reference level of the measured amplitude.

For analog channels, you can find the value also in the "Vertical" menu > "Chan-
nel <n>" >"Threshold"

For logic channels, you can find the value also in the "Logic" menu > "Threshold".

Remote command:

CHANnel<m>:THReshold on page 296
CHANnel<m>:THReshold:FINDlevel on page 297
DIGital<m>:THReshold on page 499

Word Size
Sets the word length (or symbol size), which is the number of bits in a message. The
maximum word length is 32 bit.

You can also define the bit order, which determines if the data of the messages starts
with "MSB" (most significant bit) or "LSB" (least significant bit).

Remote command:

BUS<b>:SPT:SSIZe on page 440

BUS<b>:SSPI:SSIZe on page 443

BUS<b>:SPT:BORDer on page 439

BUS<b>:SSPI:BORDer on page 442

Idle Time
Sets the burst idle time, during which the data and clock lines are low. Only available in
the "SPI (no CS)" setup.
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A new frame begins when the idle time has expired and the clock line has been inac-
tive 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.

Remote command:
BUS<b>:SSPI:BITime on page 442

12.2.3 SPI Trigger

Before you set up the trigger, make sure that the bus is configured correctly. See
Chapter 12.2.2, "SPI Configuration”, on page 199.

To trigger on SPI signals:

1. Press the [Protocol] key in the Analysis area of the front panel.
2. Select the bus that is configured for SPI.

3. Select "Trigger".

This selection has several effects:

e Enables decoding, if necessary.

e Sets the "Trigger Type" to "Serial Bus" and the trigger source to the selected
bus.

e Displays the "SPI Trigger" condition in the dialog box, below the protocol setup.

4. Check the "Source" and change it if necessary.

5. At"SPI Trigger", select the required trigger type:

"Frame Start": beginning of the message
"Frame End": end of the message

"Bit <x>": a specified bit inside the message
"Serial Pattern™: a bit pattern in the message

6. If "Serial Pattern" is selected, the SPI trigger setup dialog expands to define the
serial pattern.

SPI trigger settings

The trigger settings are shown in the dialog below the bus configuration settings. In the
trigger menu, you select the trigger source, and open or close the setup dialog box.
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Figure 12-6: SPI trigger menu

5PI Trigger  Serial Pattern
Bit Offset 0Bit

Number of Bits 26Bit

1001 o0lol 11xx 0000
9 5 0
1111 xxxx ol
F X $

Figure 12-7: SPI trigger settings with an example of an SPI serial pattern

9 = Hex value of the 15t nibble, with the binary value 1001

$ (blue) = Hex value of the 3™ nibble, which includes some "X" bits. The blue color indicates that the key-
pad is active for this nibble.

X (white) = The 6! nibble is a "don't care" nibble, as it consists of "X" bits, only

$ (white) = The 7™ nibble is only half contained in the specified pattern length of 26 bits

X (gray) = The 8! nibble is not contained in the specified pattern

SOUIC . et e e e e e e e e e e e e e e e e e e e e e e e e e e a———— b —————————————aaaaaaaaes 203
0T I 15 e T =T PRSP 203
1§ T O SPUPRPR 204
I T g o= o = U 204
DAL, e et ——————————————aaaaaaaaaaaees 204
Source

If both MOSI and MISO lines are configured for analysis, select which line is the trigger
source.

Remote command:
TRIGger:A:SOURce:SPI on page 443

SPI Trigger
Selects the trigger condition.
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"Frame Start"  Sets the trigger to the start of the message:

® For SPI with CS, the frame starts when the chip select signal CS
changes to the active state.

® For SPI without CS, the frame starts when the idle time has
expired.

"Frame End" Sets the trigger to the end of the message.

® For SPI with CS, the frame ends when the chip select signal CS
changes to the inactive state.

® For SPI without CS, the frame ends when the idle time has
expired after the last clock and no new clock appeared during that
time.

"Bit <x>" Sets the trigger to the bit number specified with "Bit Offset”
on page 204.

"Serial Pattern" Expands the trigger setup dialog to configure the bit pattern to be trig-
gered at. Set "Number of Bits" on page 204 and "Data" on page 204
to define the pattern, and "Bit Offset" on page 204 to define the pat-
tern position.

Remote command:
TRIGger:A:SPI:MODE on page 443

Bit Offset

Specifies the number of bits before the first bit of the pattern. These bits are ignored.
The first bit after frame start is Bit 1. For example, with bit offset = 2, Bit 1 and Bit 2 are
ignored, and the pattern starts with Bit 3.

If "SPI Trigger" is set to "Bit <x>", the trigger is set to the next bit that follows the offset
bits. For example, if the bit offset is 4, the instrument triggers on the start of the 5th bit.

Remote command:
TRIGger:A:SPI:POFFset on page 444

Number of Bits
Defines the length of the serial pattern in bits.

Note: Entering data bits beyond the specified length of the pattern automatically
adjusts the "Number of Bits" to include all entered bits.

Remote command:
TRIGger:A:SPI:PLENgth on page 444

Data
Specifies the data pattern if "SPI Trigger" is set to "Serial Pattern". When the instru-
ment detects the specified data pattern, it sets the trigger to the first bit of this pattern.

An example of pattern definition is shown in Figure 12-7.

To enter the binary value of any bit, tap this bit. To enter the hexadecimal value, tap
one of the nibbles (half byte) in the lower data line.

If a nibble (half byte) contains 1, 2 or 3 "X" bits (don't care), the nibble value is repre-
sented by the character "$". If all 4 bits of a nibble are "X", the nibble itself is "don't
care", represented by the character "X".
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Remote command:
TRIGger:A:SPI:PATTern on page 444

12.2.4 SPI Decode Results
When the configuration of the serial bus is complete, the signal can be decoded:

1. In the "Bus" menu, enable "Decode".

2. Inthe "Display" menu, select the result display settings.
See Chapter 12.1.2, "Displaying Decode Results", on page 191.

3. Inthe "Bus Table" menu, enable the "Bus Table". Adjust the table settings.
See also: Chapter 12.1.3, "Bus Table: Decode Results", on page 192

The instrument captures and decodes the signal according to the protocol definition
and the configuration settings.

The color-coding of the various protocol sections and errors simplifies the interpretation
of the visual display. The decode information condenses or expands, depending on the
horizontal scale. Various data formats are available to show the result values.

_ = 20 0
« Pad i N, i y B & Auto 100 ps/ Run

Undo Redo Delete N Single Meter FFT Annotation Demo - SEtUP 1.25 GSa/s 416.5 Hs Sampl‘e

F
¥ Bus

Bus Table: SSPI (SSPI {2 Wire): 8 Bit, Clk = C1, Data = C2)

1 800.000ps 14 526F686465265363687761727A00
2 590.004us § 5254423230303000

Frames: 1-212
DC

100my % 100my/

Figure 12-8: Decoded SPI (no CS) signal with Bus Table. The first frame has fourteen words and the
second eight words.
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Table 12-1: Content of the SPI bus table

Column Description

Start time Time of the frame start in relation to the trigger point
Length Number of words in the frame

Data Hexadecimal values of the data words

State Overall state of the frame

Remote commands are described in Chapter 15.11.2.4, "SPI - Decode Results",
on page 445.

12.3 I2C (Option R&S RTB-K1)

The Inter-Integrated Circuit is a simple, low-bandwidth, low-speed protocol used for
communication between on-board devices, for example, in LCD and LED drivers,
RAM, EEPROM, and others.

@ The IPC ProtOCOL..... ettt e e e et e e e e e ee b s 206
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12.3.1 The I2C Protocol

This chapter provides an overview of protocol characteristics, data format, address
types and trigger possibilities. For detailed information, read the "I2C-bus specification
and user manual" available on the NXP manuals web page at http://www.nxp.com/.

I2C characteristics

Main characteristics of I?C are:
® Two-wire design: serial clock (SCL) and serial data (SDA) lines

® Master-slave communication: the master generates the clock and addresses the
slaves. Slaves receive the address and the clock. Both master and slaves can
transmit and receive data.

® Addressing scheme: each slave device is addressable by a unique address. Multi-
ple slave devices can be linked together and can be addressed by the same mas-
ter.

® Read/write bit: specifies if the master reads (=1) or writes (=0) the data.

® Acknowledge: takes place after every byte. The receiver of the address or data
sends the acknowledge bit to the transmitter.

The R&S RTB2000 supports all operating speed modes: high-speed, fast mode plus,
fast mode, and standard mode.
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Data transfer

The format of a simple 1°C message (frame) with 7-bit addressing consists of the fol-
lowing parts:

e Start condition: a falling slope on SDA while SCL is high
® 7-bit address of the slave device that either is written to or read from
® R/W bit: specifies if the data is written to or read from the slave

® ACKnowledge bits: is issued by the receiver of the previous byte if the transfer was
successful
Exception: At read access, the master terminates the data transmission with a
NACK bit after the last byte.

e Data: several data bytes with an ACK bit after every byte
® Stop condition: a rising slope on SDA while SCL is high

. L‘ 177—\_/;\_/;\_/>17?\_/:\_/:\_/-i77 ¢ ¢
[ | P
e e 1 e I B I
START ADDRESS RW  ACK DATA ACK DATA ACK STOP
condition byte byte condition
1 |

Frame

Figure 12-9: 12C writes access with 7-bit address

Address types: 7-bit and 10-bit

Slave addresses can be 7 bits or 10 bits long. A 7-bit address requires 1 byte, 7 bits for
the address followed by the R/W bit.

A 10-bit address for write access requires 2 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.

SLAVE ADDRESS SLAVE ADDRESS

E ist 7BITs  |WAT|T o0 By TE

11110XX 0
reserved MSB write

A2 |DATA| A

Figure 12-10: 10-bit address, write access

A 10-bit address for read access requires 3 bytes. The first 2 bytes are identical to the
write access address. The third byte repeats the address bits of the first byte and sets

the read bit.
SLAVE ADDRESS SLAVE ADDRESS SLAVE ADDRESS T
& st7ems  |PWIA | onaBvte | A2[ST] aszmms [PV ASPATAI AL
11110XX%X 0 repeated 11 110X X 1
reserved MSB write LSB Start reserved MSB read
Figure 12-11: 10-bit address, read access
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Trigger

The R&S RTB2000 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 wave-

forms is not possible.

You can trigger on:

e Start or stop condition

® Repeated start condition

® Transfer direction (read or write)

® Bytes with missing acknowledge bit
® Specific slave address

® Specific data pattern in the message

12.3.2 I2C Configuration

The correct setup of the protocol parameters and the threshold is the condition for

decoding the signal.

To set up and decode an I2C signal

1. Press the [Protocol] key in the Analysis area of the front panel.
Select the bus that you want to use: B1 or B2.

Select the "Bus Type" = 12C.

Select "Configuration”.

N o o  »w N

Set the threshold. Use one of these methods:

Select the "SCL", the channel to which the clock line is connected.

Select the "SDA", the channel to which the data line is connected.

e Tap "Find Threshold". The instrument evaluates the signal and sets the thresh-

old.
e Enter the threshold value in the numeric field.

8. In the "Bus" menu, enable "Decode".

I2C configuration settings

Figure 12-12: 12C setup dialog
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1] O IR 209
] 5 209
Threshold, FINd ThreShold............oooeeieeeeeee e 209
SCL

Selects the source channel to which the clock line is connected.
If the MSO option R&S RTB-B1 is installed, you can use logic channels as source.

Remote command:
BUS<b>:12C:CLOCk:SOURce on page 449

SDA
Selects the source channel to which the data line is connected.

If the MSO option R&S RTB-B1 is installed, you can use logic channels as source.

Remote command:
BUS<b>:TI2C:DATA:SOURce on page 449

Threshold, Find Threshold
Set the signal threshold for the source channel. Enter a value, or use "Find Threshold"
to set the threshold to the middle reference level of the measured amplitude.

For analog channels, you can find the value also in the "Vertical" menu > "Chan-
nel <n>" >"Threshold"

For logic channels, you can find the value also in the "Logic" menu > "Threshold".

Remote command:

CHANnel<m>:THReshold on page 296
CHANnel<m>:THReshold:FINDlevel on page 297
DIGital<m>:THReshold on page 499

12.3.3 I12C Trigger

Before you set up the trigger, make sure that the bus is configured correctly. See
Chapter 12.3.2, "I°C Configuration", on page 208.

To trigger on I2C signals:

1. Press the [Protocol] key in the Analysis area of the front panel.

2. Select the bus that is configured for 12C.

3. Select "Trigger".

This selection has several effects:

e Enables decoding, if necessary.

e Sets the "Trigger Type" to "Serial Bus" and the trigger source to the selected
bus.

e Displays the trigger conditions in the dialog box, below the protocol setup.

4. At"I2C Trigger", select the required trigger type:

e "Start": beginning of the message
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"Stop": end of the message

"Restart": repeated start condition

"No Ack (Missing Ack)": transfer of data bits is not acknowledged
"Address and Data": address pattern and/or up to 3 data bytes

5. If "Identifier" or "Identifier and Data" is selected, the CAN trigger setup dialog
expands to define the serial pattern.

6. If "Address and Data" is selected, the 12C trigger setup dialog expands to define the
serial patterns.

I12C trigger settings

Figure 12-13: Trigger setup dialog to trigger on a combination of address and data

A5 = Hex value of the 15! byte, with the binary value 10100101

5% = Hex value of the 2" byte, where the 15t nibble has the binary value 0101 and the 2" nibble is
represented by the "$" character, as it includes one "X" bit (don't care)

XX (gray) = The 3™ byte is not contained in the specified pattern

D O I g Te o =T S PO U O PUPPPPRPPRRTIN 210

ST AT [ [ =7 211

SYMDONIC ID ..ttt e e e st ee e e e e s e e e e e naneeas 211

D= = o7 ) o {11 1] o TR SRR 211
L BYEE OffSEE. ..ttt ee ettt et et e et e s e e s s e e seeeaas 211
L NUMDEE Of BYEES......evee ettt ettt s e e een e 212
L Data: Bin / HEX PAtEIN.......eeeeeeeeeeeeeeeeee et ee e en e eeee 212

12C Trigger

Selects the trigger condition.

"Start" Sets the trigger to the start of the message. The start condition is a

falling slope on SDA while SCL is high.
"Stop" Sets the trigger to the end of the message. The stop condition is a ris-

ing slope on SDA while SCL is high.
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"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.

"No Ack (Miss- Missing acknowledgement: the instrument triggers, if the slave does

ing Ack)" 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.

"Address and  Sets the trigger to an address or data pattern, or a combination of
Data" both.

See "Slave Address" on page 211 and "Data condition”

on page 211.

Remote command:
TRIGger:A:12C:MODE on page 450

Slave Address
Sets the slave address to be triggered on. If you want to trigger only on a data pattern
and the address is not relevant, enable "Any Address".

To specify the slave address, set the following properties:

® Set the length of the slave address: "7Bit" or "10Bit".

® Toggle the trigger condition between "Read" and "Write" access of the master. The
read/write bit is the 8" bit of the first address byte of a frame.

e Set the address of the slave device: enter the binary or hexadecimal address
value. You need an exact address, "X" bits (don't care) are not allowed.

Remote command:
TRIGger:A:12C:AMODe on page 451
TRIGger:A:T2C:ACCess on page 450
TRIGger:A:I12C:ADDRess on page 451

Symbolic ID

If a label list with symbolic names was loaded and applied in the bus configuration, you
can select a symbolic name from the list instead of specifying the address. When you
select a name, the address fields are update with its address value.

Data condition

The data condition consists of the following settings:
® Byte offset (position of the data pattern)

® [ength of the data pattern

® Data pattern, see "Bin / Hex pattern" on page 230

If you want to trigger only on an address, and the data is not relevant, set all data bits
to IIXII.

Byte Offset — Data condition
Sets the number of offset bytes to be ignored after the end of the address bytes. The
first byte of interest is the first byte after the offset bytes.

The minimum offset is 0 Bytes, the maximum offset is 4,095 Bytes.

Remote command:
TRIGger:A:12C:POFFset on page 452
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Number of Bytes «— Data condition
Sets the number of full bytes you want to trigger on. Maximum 3 bytes are possible.

Note: Entering data bits beyond the specified length of the pattern automatically
adjusts the "Number of Bytes" to include defined bytes.

Remote command:
TRIGger:A:12C:PLENgth on page 452

Data: Bin / Hex pattern < Data condition

Defines the data pattern in binary and hexadecimal format. To set an individual binary
bit or hex nibble (half byte), tap it and enter the value on the on-screen keypad. The
maximum pattern length is 3 bytes.

Remote command:
TRIGger:A:I12C:PATTern on page 451

12.3.4 12C Decode Results

When the configuration of the serial bus is complete, the signal can be decoded:

1. In the "Bus" menu, enable "Decode".

2. Inthe "Display" menu, select the result display settings.
See Chapter 12.1.2, "Displaying Decode Results", on page 191.

3. Inthe "Bus Table" menu, enable the "Bus Table". Adjust the table settings.

See also: Chapter 12.1.3, "Bus Table: Decode Results", on page 192
The instrument captures and decodes the signal according to the protocol definition
and the configuration settings.

The color-coding of the various protocol sections and errors simplifies the interpretation
of the visual display. The decode information condenses or expands, depending on the
horizontal scale. Various data formats are available to show the result values.
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Figure 12-14: Decoded 12C signal with bus table, trigger on frame start

Gray brackets = start and end of the frame

Violet = address
Blue = correct data words
Green = acknowledge bit, ok

Table 12-2: Content of the I?°C 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

Length Number of words in the frame

Data Hexadecimal values of the data words

State Overall state of the frame

Remote commands are described in Chapter 15.11.3.3, "I?C - Decode Results",
on page 452.

12.3.5 [I2C Label List

Label lists are protocol-specific. Label lists for I2C are available in CSV and PTT for-
mat.

An 12C label file contains three values for each address:
® Address type, 7-bit or 10-bit long
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® Address value

Serial Bus Analysis

® Symbolic label: name of the address, specifying its function in the bus network.

Example: I12C PTT file

@FILE _VERSION = 1.

@PROTOCOL NAME = i

# Labels for I2C p

# Column order:

7,0x1E,Voltage
7,38h,Pressure
7,2Ah, Temperature
7,16h, Speed
7,118,Acceleration
7,07h,HighSpeed Ma
7,51h, EEPROM

rotocol

Identifier type,

ster 0x3

10, 3A2h, DeviceSetup

10, 1A3h,GatewaySta
10, 06Eh, LeftSensor

tus

Identifier value, Label

For general information on label lists, see Chapter 12.1.5, "Label List", on page 195.

Label List: 12C (Imported on: 2017-03-30; 16:27)

Acceleration
DeviceSetup
EEPROM

GatewayStatus

HighSpeed_Master_0x3

LeftSensor
Pressure
Speed
Temperature

Voltage

Figure 12-15: Label list for 12C
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100 ps

3323 ps

Bus Table: 12C (12C: Clock SCL = C1, Data SDA = (2)

1 17.600ns Write 20 § 2A69646E3F QK
2 273.093us Read 20 23 526F6864662656363687761727A202D2.. Restart

Frames: 1—2 ! 2; Data: 0x526F636465265363687761727A202D2052544232303030

200myy 200myy

11 11

Figure 12-16: Decoded 12C signal with applied label list and zoom on second frame

12.4 UART / RS232 (Option R&S RTB-K2)

® The UART / RS232 INtEIACE....cii ittt et 215
o UART Configuration.......coeueiuiiiiiicicieie et e e e e e e e 216
L I )N o I I T T =Y AU SO PUOUPURRRR 219
0 UART DECOAE RESUIES ..covveeieeeieeiee ettt e e e e e 221

12.4.1 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 sym-
bol 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

Figure 12-17: Bit order in a UART word (symbol)
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® The start bit is a logic 0.
® The stop bits and the idle state are always logic 1.

The UART protocol has no clock for synchronization. The receiver synchronizes by
means of the start and stop bits, and the bit rate that must be known to the receiver.
Trigger

The R&S RTB2000 can trigger on specified parts of UART serial signals:
® Start bit

® Frame start

® A specified symbol

® Parity errors, and breaks

® Frame errors

® A serial pattern at any or a specified position

12.4.2 UART Configuration

The correct setup of the protocol parameters and the threshold is the condition for
decoding the signal.

To set up and decode a UART signal

1. Press the [Protocol] key in the Analysis area of the front panel.
Select the bus that you want to use: B1 or B2.
Select the "Bus Type" = UART.

2

3

4. Select "Configuration”.

5. Select the "TX / RX/ Source", the channel to which the input signal is connected.
6

Set the threshold. Use one of the following methods:

e Tap "Find Threshold". The instrument evaluates the signal and sets the thresh-
old.
e Enter the threshold value in the numeric field.

7. Set the other signal parameters according to the signal characteristics.

8. Inthe "Bus" menu, enable "Decode".
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UART configuration settings

UART Setup
RX 500 my 58

n [& 500 mv L

|
Find Threshold =/~ Start Bit |*

Stop Bits
8 Bit
Data Size
Parity None v ldle Time

Last Data
Stop Bits 1 v 833.333 s

Bit Rate Predefined v 9.6 kBit/s

Frame Start

Figure 12-18: UART setup dialog
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TX/RX/ Source
Select the input channel of the UART lines. Input channels are the receive line (RX),
and the optional transmit line (TX).

If the MSO option R&S RTB-B1 is installed, you can use logic channels as source.

Note: TX is available only on bus 1. On bus 2, you can set only one "Source" line. The
TX line occupies a second bus line. Thus, if TX is used on bus 1, bus 2 is not available.

Remote command:
BUS<b>:UART :RX:SOURce = BUS<b>:UART:DATA: SOURce on page 460
BUS<b>:UART:TX:SOURce on page 460

Polarity

Selects if the transmitted data is high active (high = 1) or low active (low = 1). The set-
ting affects both lines.

High active is used, for example, for control signals, while low active is defined for data
lines (RS-232).

Remote command:

BUS<b>:UART:DATA:POLarity on page 460

BUS<b>:UART:POLarity on page 460

Threshold, Find Threshold
Set the signal threshold for the source channel. Enter a value, or use "Find Threshold"
to set the threshold to the middle reference level of the measured amplitude.
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For analog channels, you can find the value also in the "Vertical" menu > "Chan-
nel <n>" >"Threshold"

For logic channels, you can find the value also in the "Logic" menu > "Threshold".

Remote command:

CHANnel<m>:THReshold on page 296
CHANnel<m>:THReshold:FINDlevel on page 297
DIGital<m>:THReshold on page 499

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 data bits set to "1" is odd.

Adding the parity bit makes the data word's parity even.

"Odd" The parity bit is set to "1" if the number of data bits set to "1" is even.
Adding the parity bit makes the data word's parity odd.

Remote command:
BUS<b>:UART:PARIty on page 461

Stop Bits
Sets the number of stop bits: 1 or 1.5 or 2 stop bits are possible.

Remote command:
BUS<b>:UART:SBIT on page 461

Bit Rate

Sets the number of transmitted bits per second.

"Predefined" Selects from a list of predefined bit rates between 300 Bit/s and
1 MBit/s.

"User" Specifies an individual bit rate with values between 150 and
39,062,500.

Remote command:
BUS<b>:UART:BAUDrate on page 461

Data Size
Sets the number of data bits of a word in a range from 5 bits to 9 bits.

Remote command:
BUS<b>:UART:SSTIZ%e on page 461

Idle Time
Sets the minimal time between two data frames (packets), that is, between the last
stop bit and the start bit of the next frame.

Remote command:
BUS<b>:UART:BITime on page 462
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12.4.3 UART Trigger

Before you set up the trigger, make sure that the bus is configured correctly. See
Chapter 12.4.2, "UART Configuration", on page 216.

To trigger on UART signals:
1. Press the [Protocol] key in the Analysis area of the front panel.
2. Select the bus that is configured for UART.

3. Select "Trigger".

This selection has several effects:

e Enables decoding, if necessary.

e Sets the "Trigger Type" to "Serial Bus" and the trigger source to the selected
bus.

e Displays the "UART Trigger" condition in the dialog box, below the protocol
setup.

4. In the menu, select the "Source".

5. At"UART Trigger", select the required trigger condition:

"Start Bit" or "Frame Start": next start bit or first start bit after idle time

"Frame Start"

"Frame Error"

"Symbol <n>": frame number in a data stream

"Break": a start bit not followed by a stop bit

"Parity Error"

"Pattern": serial pattern of 1, 2, 3 or 4 symbols at a defined position in the data
stream

e "Any Symbol": pattern of data bits anywhere in a data stream

6. If "Pattern” or "Any Symbol" is selected, the UART trigger setup dialog expands to
define the serial pattern or the symbol.
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UART trigger settings

Figure 12-19: Trigger setup dialog with an example of a UART serial pattern

55 = Hex value of the 15t symbol, with the binary value 01010101

E6 = Hex value of the 2" symbol, with the binary value 11100110

E (blue) = Selected nibble in the 2"¢ symbol. The blue color indicates that the keypad is active for this nib-
ble.

8% = Hex value of the 3™ symbol, where the 15! nibble has the binary value 1000 and the 2" nibble is

represented by the "$" character, as it includes one "X" bit (don't care)
AX (gray) = The 4" symbol is not contained in the specified pattern

7o TN (o7 YRR 220
[ o I 4 e o 1= U 220
SYMDBOI OffSEL....ceeeeiiccee e e e e e e e e e e e e e e e e e e e e e ea e 221
NUMD. Of SYMD ... e e e e eee e e e e b e e e e e s nrae e e e ennnees 221
7Y = R 221
Source

Selects the transmitter or receiver line as trigger source.

Remote command:
TRIGger:A:SOURce:UART on page 462

UART Trigger
Selects the trigger condition.
"Start Bit" Sets the trigger to the start bit. The start bit is the first logical 0 after a

stop bit.

"Frame Start"  Sets the trigger to the beginning of a frame. The frame start is the first
start bit after the idle time.

"Frame Error"  The instrument triggers, if a frame error occurs.

"Symbol <n>"  Sets the trigger to the specified symbol - the n-th word - in a frame
(package). Specify the "Symbol Offset" on page 221.

"Break" Triggers if a start bit is not followed by a stop bit, the data line
remains at logic 0 for longer than a UART word.

"Parity Error" Triggers on a parity error indicating a transmission error.
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"Pattern" Triggers on a data pattern at a specified position.
The pattern setup consists of the "Symbol Offset" on page 221, the
"Numb. of Symb." on page 221, and the "Data" on page 221.

"Any Symbol"  Triggers on a pattern that occurs in one symbol at any position in a
frame.
See "Data" on page 221.

Remote command:
TRIGger:A:UART:MODE on page 462

Symbol Offset
Sets the number of symbols at the beginning of the package to be ignored before the
serial pattern. The first symbol of interest is the first byte after the offset symbols.

The minimum offset is 0 symbols, the maximum offset is 4,095 symbols.

Remote command:
TRIGger:A:UART:POFFset on page 463

Numb. of Symb.
Sets the number of symbols (full bytes) you want to trigger on. The minimum is 1 sym-
bol, a maximum of 4 symbols is possible.

Note: Entering data bits beyond the specified length of the pattern automatically
adjusts the "Number of Bytes" to include all specified bytes.

Remote command:
TRIGger:A:UART:PLENgth on page 463

Data
Specifies the data pattern if "UART Trigger" is set to "Pattern” or "Any Symbol".

An example of pattern definition is shown in Figure 12-19.

To enter the binary value of any bit, tap this bit. To enter the hexadecimal value, tap
one of the nibbles (half byte) in the lower data line.

If a nibble (half byte) contains 1, 2 or 3 "X" bits (don't care), the nibble value is repre-
sented by the character "$". If all 4 bits of a nibble are "X", the nibble itself is "don't
care", represented by the character "X".

Remote command:
TRIGger:A:UART:PATTern on page 463
12.4.4 UART Decode Results
When the configuration of the serial bus is complete, the signal can be decoded:

1. In the "Bus" menu, enable "Decode".

2. Inthe "Display" menu, select the result display settings.
See Chapter 12.1.2, "Displaying Decode Results", on page 191.

3. Inthe "Bus Table" menu, enable the "Bus Table". Adjust the table settings.
See also: Chapter 12.1.3, "Bus Table: Decode Results", on page 192
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The instrument captures and decodes the signal according to the protocol definition
and the configuration settings.

The color-coding of the various protocol sections and errors simplifies the interpretation
of the visual display. The decode information condenses or expands, depending on the
horizontal scale. Various data formats are available to show the result values.

At WK Ml e M W N e e i e e R M R

FiHs

LEBLE. L L Rl N AN LY ]

wmam 4 4 e o (e Al g [ g i g,

4 BI:UART

Bus Table {UART: RX = C1, TX = C2, H, 9600,8,N,2)

-54.400ns RX 6 2A69 646E 3FO0A

Frames: 1—2 f 2; Data: 0x526F 6864 6520 2620 53

Figure 12-20: Decoded UART signal
The figure above shows six frames of a UART signal and the "Bus Table".
Table 12-3: 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

Remote commands are described in Chapter 15.11.4.3, "UART - Decode Results",
on page 464.

12.5 CAN (Option R&S RTB-K3)

CAN is the Controller Area Network, a bus system designed by Bosch for use within
automotive network architecture, for example, for brake, power train and engine man-
agement. Today, it is also used in many other systems, for example, in industrial
machines, aerospace, subsea, merchant marine.
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12.5.1 The CAN Protocol

This chapter provides an overview of the protocol characteristics, frame types, informa-
tion transfer and message formats.

The CAN 2.0 specification defines two formats: the base CAN (version 2.0A) with an
11-bit identifier and the extended CAN (version 2.0B ) with a 29-bit identifier. Based on
theses specifications the CAN standard ISO 11898-1 was released, in 1993.

CAN characteristics

Main characteristics of CAN are:
e Differential signaling.
® Transmission over two wires, high and low.

® Multi-master, which means that any node can begin to transmit a message, when a
bus is free.

® Bitwise arbitration.

Arbitration

Information transfer is done by carrier sense multiple access/bitwise arbitration (CSMA/
BA). Each node waits for a certain inactive period before it tries to send a message.
Collisions are resolved through a bitwise arbitration that is non-destructive.

Each message has a priority which is implied in the identifer value - the lower the
value, the higher the priority. A dominant bit from the message with highest priority
overwrites the recessive bits on the bus. If a node detects that the bus is already
receiving a message that has a higher priority, it stops the transmission and waits for
the current transmission to end before retransmitting.

Frame types

The CAN protocol defines the following types of frames:

® Data: used for information transmission.

® Remote: used for information request. The destination node sends this frame to the
source to request data. This type of frame is only used by CAN.

® FError: indicates that a bus node has detected transmission error.
® Overload: used from a bus node to request a transmission delay.

User Manual 1333.1611.02 — 08 223

839145 010-62176785 www . hyxyyq.com



R&S®RTB2000 Serial Bus Analysis

CAN data message format

The CAN protocol defines two formats for the data frame: the base frame format and
the extended frame format. The data frames are built as follows:

Arbitration Field Control Field

R
Identifier T(D|0 DLC Data CRC ACK
R|E

mow
mom
wm—

Figure 12-21: CAN basic frame

Arbitration Field Control Field

o it

11-bit !
Identifier

18-bit

R
e T|rl|r0| DLC Data CRC ACK
Identifier

mow
oW

mom
ul

Figure 12-22: CAN extended frame

The following fields, compose the base/extended frame format:
® SOF: start of frame. 1 dominant bit that marks the beginning of the message.

e |dentifier: 11/18-bit identifier. Contains information about the priority of the mes-
sage. CAN base frames have an 11-bit identifier while CAN extended frames have
a total of 29 bits identifier.

® RTR: remote transmission request bit. Differentiates between base and extended
frames. It is dominant for base data frames and recessive for extended data
frames.

® SRR: substitute remote request. Only present in extended CAN frames at the posi-
tion of the RTR bit in base frames.

® |DE: identifier extension bit. It helps to distinguish between a base and extended
data frame. It is dominant for data frames and recessive for remote frames

® r0/r1: reserved bits for possible future use.

® DLC: data length code. Defines how many bytes of data follow.

e Data: up to 8 bytes of data can be transmitted for CAN.

® CRC: cyclic redundancy check. Checks the integrity of the frame contents.

® ACK: acknowledgement. This is a recessive bit that is overwritten by the node, if
the message was transmitted correctly.

® EOF: end-of-frame: marks the end of the message.

® |FS: interframe space. Separates a data or remote frame from the preceding
frames.

12.5.2 CAN Configuration

The correct setup of the protocol parameters and the threshold is the condition for
decoding the signal.
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To set up and decode a CAN signal

1. Press the [Protocol] key in the Analysis area of the front panel.
Select the bus that you want to use: B1 or B2.
Select the "Bus Type" = CAN.

2

3

4. Select "Configuration”.

5. Select the "Source", the channel to which the input signal is connected.
6

Set the threshold. Use one of the following methods:

e Tap "Find Threshold". The instrument evaluates the signal and sets the thresh-
old.
e Enter the threshold value in the numeric field.

7. Set the other signal parameters according to the signal characteristics. All settings
are described below.

8. Inthe "Bus" menu, enable "Decode".

CAN configuration settings

Threshold Type
Source 500 mv

Find Threshold ./~

Bit Rate  User v 50 kBit/s Sample Point

Source
Sets the source of the data line. All channel waveforms can be used.

If the MSO option R&S RTB-B1 is installed, you can use logic channels as source.

Remote command:
BUS<b>:CAN:DATA: SOURce on page 469

Threshold, Find Threshold
Set the signal threshold for the source channel. Enter a value, or use "Find Threshold"
to set the threshold to the middle reference level of the measured amplitude.

For analog channels, you can find the value also in the "Vertical" menu > "Chan-
nel <n>" >"Threshold"

For logic channels, you can find the value also in the "Logic" menu > "Threshold".

User Manual 1333.1611.02 — 08 225

839145 010-62176785 www . hyxyyq..com



R&S®RTB2000 Serial Bus Analysis

Remote command:

CHANnel<m>:THReshold on page 296
CHANnel<m>:THReshold:FINDlevel on page 297
DIGital<m>:THReshold on page 499

Type
Selects the CAN-High or CAN-Low line. CAN uses both lines for differential signal
transmission.

If you measure with a differential probe, connect the probe to both CAN-H and CAN-L
lines and select "High".

If you use a single-ended probe, connect the probe to either CAN_L or CAN_H and
select "High" or "Low" accordingly.

Remote command:
BUS<b>:CAN:TYPE on page 469

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.

"Predefined"” To select a bit rate from the list of predefined values, set "Bit rate" to
"Predefined" and select a value from the list.

"User" To set another value, set "Bit rate" to "User" and enter a bit/s value.

Remote command:
BUS<b>:CAN:BITRate on page 470

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.

! Maorninal hit time .

Tirme seqgl Time seg2

Sample point =70 % T

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<b>:CAN:SAMPlepoint on page 470

12.5.3 CAN Trigger

Before you set up the trigger, make sure that the bus is configured correctly. See
Chapter 12.5.2, "CAN Configuration", on page 224.
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To trigger on CAN signals:
1. Press the [Protocol] key in the Analysis area of the front panel.
2. Select the bus that is configured for CAN.

3. Select "Trigger".

This selection has several effects:

e Enables decoding, if necessary.

e Sets the "Trigger Type" to "Serial Bus" and the trigger source to the selected
bus.

e Displays the "CAN Trigger" condition in the dialog box, below the protocol
setup.

4. At"CAN Trigger", select the required trigger type:

"Start of Frame": first edge of synchronization bit

"End of Frame": frame number in a data stream

"Frame": error, overload, data or remote frame

"Error": stuff bit, form, acknowledgment, CRC

"Identifier": specific message identifier or identifier range
"Identifier and Data": combination of identifier and data condition

5. If "Identifier" or "Identifier and Data" is selected, the CAN trigger setup dialog
expands to define the serial pattern.

CAN trigger settings

CAN Trigger  Identifier and Data FrameType  Remote

ID Type  29Bit v Compare  Greater Than v
denific 8n 01001 0lollooo olollooo ocol111111
hw 0958583F

X
6Byte Compare  Equal v

XxXxx1111 ooo01111 xxxx1111 oooo01111
XF F XF OF
xxxx1111 oooo0l1111
XF OF

Figure 12-23: Trigger setup dialog with an example of CAN identifier and data patterns

"CAN Trigger" = trigger on "ldentifier and Data"

"ldentifier" = trigger on 29-bit identifiers greater than the specified identifier
"Data" = trigger on the specified 6-byte data pattern
0 (blue) = Selected nibble in the 2"byte of the data pattern, where the blue color indicates that the

keypad is active for this nibble

CAN Trigger
Selects the trigger mode.
"Start of Triggers on the first edge of the dominant SOF bit (synchronization
Frame" bit).
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"End of Frame" Triggers on the end of the frame (7 recessive bits).

"Frame" Triggers on the frame type that is selected with "Frame"
See: "Frame" on page 228.

"Error" Triggers on a frame error. An error frame is sent by a node that has
detected an error.
See: "Error" on page 228.

"Identifier" Triggers on a specific message identifier or an identifier range.
If a label list with node names was loaded and applied in the bus con-
figuration, you can select simply the "Symbolic ID" instead of entering
the numeric identifier.
See: "ldentifier condition" on page 229.

"Identifierand  Triggers on a combination of identifier and data condition. The instru-
Data" ment triggers at the end of the last byte of the specified data pattern.
See: "ldentifier condition" on page 229 and "Data condition”
on page 230.

Remote command:
TRIGger:A:CAN:TYPE on page 471

Frame

Select the frame type to be triggered on.

"Data" Frame for data transmission.

The identifier format ("ID Type") is also considered.

"Remote" 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 ("ID Type") is also considered.

"Data or Triggers on remote frames and on data frames.

Remote" The identifier format ("ID Type") is also considered.

"Error" Triggers on any error frame.

"Overload" An overload frame is sent by a node that needs a delay between data

and/or remote frames.

Remote command:
TRIGger:A:CAN:FTYPe on page 471

ID Type
Selects the length of the identifier: 11 bit for CAN base frames or 29 bits for CAN
extended frames. Select "Any" if the identifier type is not relevant.

Remote command:
TRIGger:A:CAN:ITYPe on page 471

Error
Identifies various errors in the frame. You can select one or more error types as trigger
condition.

Remote command:
TRIGger:A:CAN:TYPE on page 471
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Stuff Bit — Error

The following frame segments are coded by the bit stuffing method:
Start of frame

Arbitration field

Control field

Data field

CRC sequence

The transmitter automatically inserts a complementary bit into the bitstream when it
detects five consecutive bits of identical value in the bitstream to be transmitted. A stuff
error occurs when the 6 consecutive equal bit level in the mentioned fields is detec-
ted.

Remote command:
TRIGger:A:CAN:BITSterror on page 473

Form «— Error
A form error occurs when a fixed-form bit field contains one or more illegal bits.

Remote command:
TRIGger:A:CAN:FORMerror on page 474

Acknowledge — Error
An acknowledgment 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 473

CRC « Error

CAN uses the Cyclic Redundancy Check (CRC), which is a complex checksum calcu-
lation method. The transmitter calculates the CRC and sends the result in the CRC
sequence. The receiver calculates the CRC in the same way. A CRC error occurs
when the calculated result differs from the received value in the CRC sequence.

Remote command:
TRIGger:A:CAN:CRCerror on page 473

Identifier condition

The identifier condition consists of the following settings:
® |D Type

® Comparison

® |dentifier value

Compare < Identifier condition

Sets the identifier comparison condition: If the identifier pattern contains at least one X
(do not 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 472
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Bin / Hex pattern < ldentifier condition
Defines the identifier or data pattern in binary and hexadecimal format. To set an indi-
vidual binary bit or hex nibble (half byte), tap it and enter it via the on-screen keypad.

"Bin" String containing the binary pattern with a maximum of 64 bits. Char-
acters 0, 1 and X are allowed.

"Hex" String containing the hexadecimal pattern with a maximum of 8 bytes.
Characters 0 to F and X are allowed.

Remote command:
TRIGger:A:CAN:IDENtifier on page 472
TRIGger:A:CAN:DATA on page 473

Symbolic ID < Identifier condition

If a label list with symbolic names was loaded and applied in the bus configuration, you
can select a symbolic name from the list instead of entering the numeric identifier. The
instrument triggers on the identifier of the selected node.

Data condition

The data condition consists of the following settings:
® | ength of the data pattern

® Comparison

® Data pattern, see "Bin / Hex pattern" on page 230

Data — Data condition
Defines the length of the data pattern - the number of bytes in the pattern.

Remote command:
TRIGger:A:CAN:DLC on page 472

Compare «— Data condition

Sets the data comparison condition. If the pattern contains at least one X (do not care),
you can trigger on values equal or not equal to the specified value. If the pattern con-
tains only 0 and 1, you can also trigger on a range greater than or lower than the speci-
fied value.

Remote command:
TRIGger:A:CAN:DCONdition on page 472

12.5.4 CAN Decode Results
When the configuration of the serial bus is complete, the signal can be decoded:

1. In the "Bus" menu, enable "Decode".

2. In the "Display" menu, select the result display settings.
See Chapter 12.1.2, "Displaying Decode Results", on page 191.

3. Inthe "Bus Table" menu, enable the "Bus Table". Adjust the table settings.
See also: Chapter 12.1.3, "Bus Table: Decode Results", on page 192
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The instrument captures and decodes the signal according to the protocol definition
and the configuration settings.

The color-coding of the various protocol sections and errors simplifies the interpretation
of the visual display. The decode information condenses or expands, depending on the
horizontal scale. Various data formats are available to show the result values.

500 us

-~
-

Bus Table: B1 {CAN: C1, H, 50000 Bit/s)

.032us Remote 01A54321

.7T7T0ms Data 01A54321 526F686465
.330ms Data 01A54321 26

.270ms Data 321 5300

Frames: 1—4 14

100 my/

Figure 12-24: Decoded CAN signal with bus table, trigger on frame start

violet = identifier

gray = DLC, data length code
blue = data words

red = error occurred, error frame

The figure above shows a decoded CAN signal and the "Bus Table".

Table 12-4: Content of the CAN frame table

Column Description
Time Diff. Time of frame start in relation to the trigger point
Type Frame type: Data, Remote, Error, or Overload
ID Identifier value, hexadecimal value
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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Remote commands are described in Chapter 15.11.5.3, "CAN - Decode Results",
on page 474.

12.5.5 Search on Decoded CAN Data

Using the search functionality, you can find the same events in the decoded data which
you also can trigger on. Unlike trigger, the search finds all events in an acquisition that
fulfill the search condition. The results are listed in a table and and can be saved to file.

-~
w Search

Search Event Table: B1, CAN, Data, ID 29 Bit

2.11997440ms
4.67998720ms

Search Results: 1—2/2

Figure 12-25: Search on a CAN bus for data frames with 29-bit ID

To search for events in a CAN signal

1. Configure and decode the bus correctly.

2. Acquire decoded data.
3. Press the Search key.
4. Select the "Search Type" = "Protocol".
5. Select the "Source": the bus that is configured for CAN protocol.
6. Select the "Event" you want to search for.
7. Enter additional settings, depending on the event.
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CAN search settings

Figure 12-26: Settings for search on CAN bus for frames with identifier 567 (hex) that have an error

Event

Sets the event or combination of events to be searched for. For example, you can
search for frames, errors, data, or IDs. Depending on the selected event, additional
settings are displayed.

Remote command:
SEARch :PROTocol : CAN:CONDition on page 480

Frame Setup
Selects the frame type to be searched for.

If you search for remote or data frames, the search considers 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 481

Error

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 Chap-
ter 12.5.3, "CAN Trigger", on page 226.

The setting is only available if "Event" = "Error" or "Error & ID" is selected.

Remote command:

SEARch:PROTocol : CAN: ACKerror on page 481
SEARch:PROTocol :CAN:BITSterror on page 482
SEARch : PROTocol : CAN:CRCerror on page 482
SEARch :PROTocol : CAN: FORMerror on page 482
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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 482

Identifier condition
Settings to define the identifier pattern, if "Event" = "ldentifier" or "Id & Error" or "ld &
Data" is selected.

After setting the "ID Type" and the "Compare" condition, you can enter the identifier
value by setting the state high, low, or X (do not care) for each single bit. Alternatively,
you can enter a hexadecimal value for each half byte. The settings are the same as for
the setup of the identifier trigger, see also "ldentifier condition" on page 229.

If a label list with node names was loaded and applied in the bus configuration, you
can select the node name from the list instead of entering the numeric identifier. The
instrument triggers on the identifier of the selected node.

Remote command:

SEARch:PROTocol:CAN: ITYPe on page 482
SEARch : PROTocol : CAN: ICONdition on page 483
SEARch :PROTocol : CAN: IDENtifier on page 483

Data condition
Settings to define the data pattern to be searched, if "Event" = "Id & Error" is selected.

After setting the "Data" length and the "Compare" condition, you can enter the data
value by setting the state high, low, or X (do not care) for each single bit. Alternatively,
you can enter a hexadecimal value for each half byte. The settings are the same as for
the setup of the data trigger, see also "Data condition" on page 230.

Remote command:

SEARch: PROTocol : CAN: DLENgth on page 483
SEARch:PROTocol :CAN:DCONdition on page 483
SEARch :PROTocol : CAN: DATA on page 484

12.5.6 CAN Label List
For general information on label lists and how to trigger on symbolic IDs, see Chap-
ter 12.1.5, "Label List", on page 195.

Label list files are protocol-specific. A PTT label file for CAN protocols contains three
values for each identifier:

® |dentifier type, 11-bit or 29-bit long
® |dentifier value
® [ abel, symbolic name of the identifier, specifying its function in the bus network.

Example: CAN PTT file
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# Labels for CAN protocol
# Column order: Identifier type,
11,064h,Diag Response

11,1E5h, EngineData

11,0A2h, Ignition_ Info

11,1BCh, TP_Console
11,333h,ABSdata

11,313h,Door_Left
11,314h, Door Right

29,01A54321h, Throttle
29,13A00FA2h,LightState
29,0630ABCDh, Engine Status
29,03B1C002h,Airbag Status
29,01234ABCh,NM_Gateway

Identifier value, Label

Label List: CAN (Imported on: 2017-03-30; 15:10)

Airbag_Status
Diag_Response
Deoor_Left
Deoer_Right
Engine_Status
EngineData
lgnitien_Info
LightState
NM_Gateway

Throttle

Figure 12-27: Label list for CAN
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S
¥ Bus

Bus Table: CANY{CAN: C1, H, 50000 Bit/s)

0.000s Remote 01A54321

1

2 1.780ms Data 01A54321 526F68646%5
3 2.560ms Data 01A54321 26

4 1.940ms Data 321 5300

Frames: 1—414

100 mvf

Figure 12-28: Decoded CAN signal with bus table and applied label list

12.6 LIN (Option R&S RTB-K3)

The Local Interconnect Network (LIN) is a simple, low-cost bus system used within
automotive network architectures. LIN is usually a sub-network of a CAN bus. The pri-
mary purpose of LIN is the integration of uncritical sensors and actuators with low
bandwidth requirements. Common applications in a motor vehicle are the control of
doors, windows, wing mirrors, and wipers.

®  The LIN ProfOCOL.......ue ettt e e e ee e e e e eeeaan 236
@  LIN Configuration..........ccooiiiiii it e e e ——————— 238
L N I 1\ Iy o o = PR PPP PP 240
O  LIN DECOUE RESUILS ...ueeeeieeiee ettt e e e e e e e e e e e eeanas 243
o Search on Decoded LIN Data.........uuoeiiiiiieiiiiiieieeeeee et 244
L I |V =T o T 1 SN 247

12.6.1 The LIN Protocol

This chapter provides an overview of protocol characteristics, frame format, identifiers
and trigger possibilities. For detailed information, order the LIN specification on http://
www.lin-subbus.org/ (free of charge).
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LIN characteristics

Main characteristics of LIN are:

Single-wire serial communications protocol, based on the UART byte-word inter-
face

Single master, multiple slaves - usually up to 12 nodes

Master-controlled communication: master coordinates communication with the LIN
schedule and sends identifier to the slaves

Synchronization mechanism for clock recovery by slave nodes without crystal or
ceramics resonator

The R&S RTB2000 supports several versions of the LIN standard: v1.3, v2.0, v2.1 and
the American SAE J2602.

Data transfer

Basic communication concept of LIN:

Communication in an active LIN network is always initiated by the master.

Master sends a message header including the synchronization break, the synchro-
nization byte, and the message identifier.

The identified node sends the message response: one to eight data bytes and one
checksum byte.

Header and response form the message frame.

Figure 12-29: LIN frame with header and response

The data is transmitted in bytes using the UART byte-word interface without the parity
bit. Each byte consists of a start bit, 8 bits and a stop bit.

Start | Bit0 | Bit1 Bit 7 | Stop
bit | LSB MSB | bit

Byte field

Figure 12-30: Structure of a byte field

Data bytes are transmitted LSB first.

User Manual 1333.1611.02 — 08 237

839145 010-62176785 www . hyxyyq..com



R&S®RTB2000 Serial Bus Analysis

The identifier byte consists of 6 bits for the frame identifier and two parity bits. This
combination is known as protected identifier.
Trigger

The R&S RTB2000 can trigger on various parts of LIN frames. The data line must be
connected to an input channel, triggering on math and reference waveforms is not pos-
sible.

You can trigger on:

® Frame start (synchronization field)

® Specific slave identifier or identifier range

® Data pattern in the message

® Wake up signal

® Checksum error (error in data), parity error (error in identifier)

12.6.2 LIN Configuration

The correct setup of the protocol parameters and the threshold is the condition for
decoding the signal.

To set up and decode a LIN signal

1. Press the [Protocol] key in the Analysis area of the front panel.
Select the bus that you want to use: B1 or B2.
Select the "Bus Type" = LIN.

2

3

4. Select "Configuration".

5. Select the "Source", the channel to which the input signal is connected.
6

Set the threshold:
e Tap "Find Threshold". The instrument evaluates the signal and sets the thresh-
old.

e Enter the threshold value in the numeric field.

7. Set the other signal parameters according to the signal characteristics. All settings
are described below.

8. Inthe "Bus" menu, enable "Decode".
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LIN Configuration Settings

Figure 12-31: LIN setup dialog

ST 01U (o1 T 239
1o 1= 239
Threshold, FiNd ThreShold............uueeiiiiieieiei e e 239
V=T 51 o] o OSSP RSRUPPPPRR 239
T = (Y 240
Source

Sets the source of the data line. All channel waveforms can be used.
If the MSO option R&S RTB-B1 is installed, you can use logic channels as source.

Remote command:
BUS<b>:LIN:DATA:SOURce on page 484

Idle

Defines the idle state of the bus. The idle state is the recessive state and corresponds
to a logic 1.

Remote command:

BUS<b>:LIN:POLarity on page 485

Threshold, Find Threshold

Set the signal threshold for the source channel. Enter a value, or use "Find Threshold"
to set the threshold to the middle reference level of the measured amplitude.

For analog channels, you can find the value also in the "Vertical" menu > "Chan-

nel <n>" >"Threshold"

For logic channels, you can find the value also in the "Logic" menu > "Threshold".

Remote command:

CHANnel<m>:THReshold on page 296
CHANnel<m>:THReshold:FINDlevel on page 297
DIGital<m>:THReshold on page 499

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 "Any".
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Remote command:
BUS<b>:LIN:STANdard on page 485

Bit Rate
Sets the number of transmitted bits per second. The LIN standard defines a maximum
bit rate of 20 kbit/s.

"Predefined" To select a bit rate from the list of predefined values, set "Bit Rate" to
"Predefined" and select a value from the list.

"User" To set another value, set "Bit Rate" to "User" and enter a bit/s value.

Remote command:
BUS<b>:LIN:BITRate on page 485

12.6.3 LIN Trigger

Before you set up the trigger, make sure that the bus is configured correctly. See
Chapter 12.6.2, "LIN Configuration", on page 238.

To trigger on LIN signals:

1. Press the [Protocol] key in the Analysis area of the front panel.
2. Select the bus that is configured for LIN.

3. Select "Trigger".

This selection has several effects:

e Enables decoding, if necessary.

e Sets the "Trigger Type" to "Serial Bus" and the trigger source to the selected
bus.

e Displays the "LIN Trigger" condition in the dialog box, below the protocol setup.

4. At"LIN Trigger", select the required trigger type:

"Start of Frame": stop bit of the sync field

"Wake Up": after a wakeup frame

"Error": checksum, parity or synchronization

"ldentifier": specific message identifier or identifier range
"Identifier and Data": combination of identifier and data condition

5. If "Identifier" or "Identifier and Data" is selected, the LIN trigger setup dialog
expands to define the serial pattern.
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LIN Trigger Settings

LIN Trigger  |dentifier and Data

Identifier  Bin 1 1 1 o0 1 Compare  Lower Than

Hex 39

3 Byte Compare  Not Equal v
00000000 oooooop1 11111111
00 01 FF

Figure 12-32: Trigger setup to trigger on identifier and data patterns

o (blue) = Selected bit in the 2" byte of the data pattern, where the blue color indicates that the keypad is
active for this bit
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LIN Trigger
Selects the trigger mode.

"Start of Triggers on the stop bit of the synchronization field.

Frame"

"Wake Up" Triggers after a wakeup frame.

"Error" Identifies various errors in the frame. You can select one or more

error types as trigger condition.
See "Error" on page 242.

"ldentifier" Sets the trigger to a specific message identifier or an identifier range.
Only the 6 bit identifier without parity bits is considered, not the pro-
tected identifier.

See "|dentifier condition" on page 242.

"Identifier and  Triggers on a combination of identifier and data condition. The instru-
Data" ment triggers at the end of the last byte of the specified data pattern.
An example is shown in Figure 12-32.
See "ldentifier condition" on page 242 and "Data condition”
on page 243.
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Remote command:
TRIGger:A:LIN:TYPE on page 486

Error
Select one or more error types as trigger condition.

Checksum «— Error

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 486

Parity <— Error
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: IPERror on page 487

Synchronization < Error
Error during synchronization.

Remote command:
TRIGger:A:LIN:SYERror on page 487

Identifier condition

The identifier condition consists of the following settings:
® |dentifier value

® Comparison

Identifier — ldentifier condition
Defines the identifier pattern in binary and hexadecimal format. To set an individual
binary bit or hex nibble (half byte), tap it and enter it via the on-screen keypad.

"Bin" String containing the binary pattern with a maximum of 64 bits. Char-
acters 0, 1 and X are allowed.

"Hex" String containing the hexadecimal pattern with a maximum of 8 bytes.
Characters 0 to F and X are allowed.

Remote command:
TRIGger:A:LIN: IDENtifier on page 487

Compare < Identifier condition

Sets the identifier comparison condition: If the identifier 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:LIN:ICONdition on page 487
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Symbolic ID < Identifier condition

If a label list with symbolic names was loaded and applied in the bus configuration, you
can select a symbolic name from the list instead of entering the numeric identifier. The
instrument triggers on the identifier of the selected node.

Data condition

The data condition consists of the following settings:
® | ength of the data pattern

e Comparison

® Data pattern

Data < Data condition
Defines the length of the data pattern - the number of bytes in the pattern.

Remote command:
TRIGger:A:LIN:DLENgth on page 488

Compare «— Data condition

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:LIN:DCONdition on page 488

Bin / Hex — Data condition

Specifies the data pattern to be triggered. To set an individual binary bit or hexadecimal
nibble (half byte), tap it and enter it via the on-screen keypad. Make sure to specify
complete bytes.

"Bin" String containing the binary pattern with a maximum of 64 bits. Char-
acters 0, 1 and X are allowed.

"Hex" String containing the hexadecimal pattern with a maximum of 8 bytes.
Characters 0 to F and X are allowed.

Remote command:
TRIGger:A:LIN:DATA on page 487

12.6.4 LIN Decode Results
When the configuration of the serial bus is complete, the signal can be decoded:

1. In the "Bus" menu, enable "Decode".

2. Inthe "Display" menu, select the result display settings.
See Chapter 12.1.2, "Displaying Decode Results", on page 191.

3. Inthe "Bus Table" menu, enable the "Bus Table". Adjust the table settings.
See also: Chapter 12.1.3, "Bus Table: Decode Results", on page 192
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The instrument captures and decodes the signal according to the protocol definition
and the configuration settings.

The color-coding of the various protocol sections and errors simplifies the interpretation
of the visual display. The decode information condenses or expands, depending on the
horizontal scale. Various data formats are available to show the result values.

Fs
v |Bus

Bus Table: LIN {LIN: C1, H, 9600 Bit/s)

1 -2.448ms 01 526F686465 F3 ChksS
2 9.948ms 02 26 D9 Pari+Chk$§
3 18.178ms 03 536308 Sync

Frames: 1-313

100 my/

Figure 12-33: Decoded LIN signal with bus table, trigger on frame start

Table 12-5: 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

Length Number of data bytes

Data Hexadecimal values of the data bytes

Chks Checksum value

State Overall state of the frame.

Remote commands are described in Chapter 15.11.6.3, "LIN - Decode Results",
on page 488.

12.6.5 Search on Decoded LIN Data

Using the search functionality, you can find the same events in the decoded data which
you also can trigger on. Unlike trigger, the search finds all events in an acquisition that
fulfill the search condition. The results are listed in a table and and can be saved to file.
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-~
¥ Search

Search Event Table: B1, LIN, Error

6.797152ms Checksum Erreor
13.333856ms Parity Errer
20.130963ms Sync Errer

Search Results: 1—3 13

Figure 12-34: Search on a LIN bus for errors

To search for events in a LIN signal

1. Configure and decode the bus correctly.

2. Acquire decoded data.
3. Press the Search key.
4. Select the "Search Type" = "Protocol".
5. Select the "Source": the bus that is configured for LIN protocol.
6. Select the "Event" you want to search for.
7. Enter additional settings, depending on the event.
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LIN Search Settings

Event Id & Error

identiir Bn 101100 Compare  Equal
Hex 2C

Checksum Parity Synchronization

Figure 12-35: Search on LIN bus for frames with identifier 2C (hex) that have an error
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Event

Sets the event or combination of events to be searched for. Depending on the selected
event, additional settings are displayed.

Remote command:
SEARch :PROTocol : LIN:CONDition on page 494

Frame Setup
Selects the frame type to be searched for.

Remote command:
SEARch : PROTocol : CAN: FRAMe on page 481

Error
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 also "Error" on page 242.
The setting is only available if "Event" = "Error" or "ID & Error" is selected.

Remote command:

SEARch :PROTocol : LIN:CHKSerror on page 495
SEARch:PROTocol:LIN: IPERror on page 495
SEARch:PROTocol :LIN: SYERror on page 495

Identifier condition
Settings to define the identifier pattern, if "Event" = "Identifier" or "Id & Error" or "Id &
Data" is selected.
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After setting the "Compare" condition, you can enter the identifier value by setting the
state high, low, or X (do not care) for each single bit. Alternatively, you can enter a hex-
adecimal value for each half byte.

The settings are the same as for the setup of the identifier trigger, see also "Identifier
condition" on page 242.

If a label list with node names was loaded and applied in the bus configuration, you
can select the node name from the list instead of entering the numeric identifier. The
instrument triggers on the identifier of the selected node.

Remote command:
SEARch :PROTocol : LIN: ICONdition on page 495
SEARch:PROTocol:LIN:IDENtifier on page 496

Data condition
Settings to define the data pattern to be searched, if "Event" = "Id & Error" is selected.

After setting the "Data" length and the "Compare" condition, you can enter the data
value by setting the state high, low, or X (do not care) for each single bit. Alternatively,
you can enter a hexadecimal value for each half byte.

The settings are the same as for the setup of the data trigger, see also "Data condition"
on page 243.

Remote command:

SEARch:PROTocol : LIN: DLENgth on page 496
SEARch : PROTocol : LIN:DCONdition on page 496
SEARch :PROTocol : LIN: DATA on page 496

12.6.6 LIN Label List

For general information on label lists, see Chapter 12.1.5, "Label List", on page 195.

Label lists are protocol-specific. Label lists for LIN are available in CSV and PTT for-
mat.

A LIN label file contains two values for each identifier:
® [dentifier value
® Symbolic name for the identifier

Example of a LIN PTT file

@FILE VERSION = 1.0
@PROTOCOL NAME = lin

# Labels for LIN protocol

# Column order: Identifier, Label
# Labels for standard addresses
0x3F, Temperature

1Ch,Left brake
20h,Right brake
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# Following ID is provided as integer
33,Mirror

0x37,Indoor lights

# Labels for reserved addresses
0x3C,Master Request Frame

0x3D, Slave Response Frame

Label List: LIN (Imported on: 2017-03-30; 16:50)

Dashboard

Door contreller
Gateway

Indoor lights
Master_Request_Frame
Mirror
Reserved_Frame
Slave_Response_Frame
Temperature

User_Defined_Frame

Figure 12-36: Label list for LIN
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RTB2004; 1333.1005K04; 900012 (01.203 2017-03-02)
- Bl Auto Complete =
. & T , @ P

N 7

Undo Redo

-
-

m N,

Delete

N Single

229.984 s

Bus Table: LIN {LIN: C1, H, 9600 Bit/s)

1
2
3
4

Frames: 1—4 /4

200 mvf

=7

e
18.
32.

448ms
948ms
178ms
657ms

01
02
03
04

Meter FFT Annotation Demo

5 ms 10 ms 15 m=

19.53 MSafs Sample

526F6B86466

26

5363687761 727A
52544232303030

Setup 156 MSafs Sample i

500 us

Chk s
Pari+Chks
Sync+ChksS
Chk$s

Figure 12-37: Decoded LIN signal with frame table and applied label list

gray
yellow
green
blue

synchronization break, synchronization byte, correct checksum

identifier
parity bits
data words (UART words)
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13 Logic Analyzer (Option R&S RTB-B1, MSO)

The Mixed Signal Option R&S RTB -B1 adds logic analyzer functions to the classical
oscilloscope functions. Using the logic analyzer, you can analyze and debug embed-
ded systems with mixed-signal designs that use analog signals and time-correlated
digital signals simultaneously. The option provides 16 logic channels grouped in two
logic probes (pods) with 8 channels each. The instrument ensures that analog and digi-
tal waveforms are time-aligned and synchronized so that critical timing interactions
between analog and digital signals can be displayed and tested.

Ensuring accurate measurement results

The logic analyzer option R&S RTB-B1 with connected probe leads is considered as a
test probe, according to EN 61326-2-1, clause 5.2.4.101. Therefore, the measure-
ments are sensitive to electromagnetic interference. Consider additional shielding
methods to avoid interference.

Consider the following guidelines for good probing practices:

® Attach the ground lead from each pod to the ground of the device under test if any
logic channel of the pod is used for data capture. The ground lead improves signal
fidelity to the oscilloscope, ensuring accurate measurements.

® For high-speed timing measurements (rise time < 3 ns), use an own ground for
each pod.

To activate logic analysis

> Press the [Logic] key.

13.1 Short Menu for Logic Channels

There are two short menus that show the status of the logic channels, one for the pod
"D7...D0" and one for the pod "D15...D8".

» To open the short menu for logic channels, tap the pod label in the bottom line of

the display.
If the pod was not selected, tap twice: once to select the pod, and next to open the
short menu.
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1 = selects all/one logic channel

2 = displays the logic channel

3 = scales all visible channels to a minimum
4 = scales all visible channels to a maximum
5 = shows the threshold of the channels

6 = shows the activity of the logic channel

Logic channels - activity display

The activity symbols of the logic channel show the current status of all logic channels
and can have the following values:

e K |ogic channel is low
® [ logic channel is high

e [ a change in the state of the logic channel has occurred during the measuring
interval

Remote commands:

® [0Gic<p>:PROBe[:ENABle]? on page 497

® DIGital<m>:CURRent:STATe:MINimum? on page 497
® DIGital<m>:CURRent:STATe:MAXimum? on page 497
® 10Gic<p>:CURRent:STATe:MINimum? on page 497

® 10Gic<p>:CURRent:STATe:MAXimum? on page 497
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13.2 Logic Analyzer Settings
Prerequisite: a logic probe is connected to the instrument.

1. If logic analysis is not active, press the [Logic] key to activate it.
2. Press the [Logic] key again.
The "Logic" menu opens.
3. Select the "Logic Probe" that you want to use.
4. Enable the "State".
5. Set the "Threshold", and the "Hysteresis".

Logic Probe
Selects the logic probe (pod) to be configured: "D7...D0" or "D15...D8".

State
Switches the selected logic pod on or off.

You can also set the state of each logic channel separately in the short menu, see
Chapter 13, "Logic Analyzer (Option R&S RTB-B1, MSO)", on page 250.

Remote command:
LOGic<p>:STATe on page 498

Threshold
Selects the threshold level: 3 predefined threshold levels and user-defined threshold
are available.

"TTL: 1.4V" Sets the threshold to 1.4 V, which is typically used in transistor—tran-
sistor logic (TTL).

"CMOS: 2.5V"  Sets the threshold to 2.5 V, which is typically used in complementary
metal-oxide—semiconductor technology (CMOS).
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"ECL: -1.3V" Sets the threshold to -1.3 V, which is typically used in emitter-coupled
logic (ECL).

"User Level" Selects the user-defined threshold.
Enter the value in User Level.

Remote command:

DIGital<m>:TECHnology on page 499

LOGic<p>:THReshold on page 499

LOGic<p>:THReshold:UDLevel on page 499

User Level
Sets the threshold level value between -2 V and +8 V in steps of 10 mV, or shows the
value of the selected technology.

Remote command:
DIGital<m>:THReshold on page 499
LOGic<p>:THReshold:UDLevel on page 499

Hysteresis
Defines the size of the hysteresis to avoid the change of signal states due to noise.

Remote command:
LOGic<p>:HYSTeresis on page 500
DIGital<m>:HYSTeresis on page 500

Label
Opens a menu to specify user-defined text labels for the individual logic channels.

Bit — Label
Selects the logic channel or "Bit" for labeling.

® Forthe pod "D7...D0", you can select bit "D0", "D1", "D2", ... or "D7".
® Forthe pod "D15...D8", you can select bit "D8", "D9", "D10", ... or "D15".

Label < Label
Enables or disables the user-defined label for the selected logic channel.

Remote command:
DIGital<m>:LABel:STATe on page 501

Predefined Label — Label
Selects a predefined label text. You can edit the text with "Edit Label".

Edit Label — Label
Opens on-screen keypad to enter a label text. If you previously have selected a prede-
fined label, 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 keypad can be used.

Remote command:
DIGital<m>:LABel on page 501
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13.3 Triggering on Logic Channels

Each logic channel can be used as trigger source. Using the pattern trigger, you can
trigger on logical combinations of analog and digital channels. Also, you can define a
trigger holdoff time.

If you trigger on logic channels, the threshold is used as trigger level.

The following trigger types are available if the trigger source is a logic channel:
® Edge

® Width

® Pattern: the pattern can use all active logic channels

® Timeout

For analysis of serial protocols, you configure the protocol using logic channels as
sources, and trigger on trigger type "Serial Bus". For details, see the chapter describ-
ing the relevant bus.

13.4 Analyzing Logic Channels

The main analysis tools for logic channels are serial protocol analysis ([Protocol]) and
the pattern triggers.

Furthermore, you can display all logic channels and change the vertical scale position.
You can also zoom into the display ([Zoom]).

To measure logic channels, you can use automatic and cursor measurements as
usual.

See also Chapter 7.2, "Automatic Measurements", on page 112 and Chapter 7.3, "Cur-
sor Measurements", on page 121.

You can also export the waveform data: [Save Load] key > "Waveforms"

13.5 Parallel Buses

The R&S RTB2000 can display and decode up to 16 lines of a parallel bus. You can
assign the logic channels to the bus bits individually.

To trigger on parallel buses, use the pattern trigger, see Chapter 5.7, "Pattern Trigger",

on page 69.

o Parallel Bus Configuration.........ccoooou oo 255
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13.5.1 Parallel Bus Configuration

You can configure a parallel bus or a parallel clocked bus. For the parallel clocked bus,
a clock line and an optional chip select line are defined in addition to the other settings.

Access: [Protocol] > "Bus Type" = "Parallel" / "Parallel Clocked" > "Configuration"

The following configuration menu opens:

Configuration
Bus 1 Source Thresholds

Bit 0 D4
b5 Configuration

b6 Bus Width

D7

Set to Default

Figure 13-1: Configuration menu Parallel bus
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Figure 13-2: Configuration menu Parallel clocked bus

The menus offer the following settings:
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Bus Width

Sets the number of lines (bits) of the logic channels DO to D15 to be analyzed in the
parallel or clocked parallel bus. The maximum number is the number of logic input
lines.

Remote command:
BUS<b>:PARallel:WIDTh on page 504
BUS<b>:CPARallel :WIDTh on page 504

Thresholds

Separately sets the thresholds for the source lines DO to D7 and for the source lines
D8 to D15 of the parallel or clocked parallel bus.

The setting is also available in the "Logic" configuration.
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Remote command:
DIGital<m>:THReshold on page 499

Source
Selects the input line for each bit of the parallel or clocked parallel bus.

If you use a clocked parallel bus, in the last two lines you can select the source for the
"Clock" and "CS".

Remote command:
BUS<b>:PARallel:DATA<m>:SOURce on page 504
BUS<b>:CPARallel :DATA<m>:SOURce on page 504
BUS<b>:CPARallel:CLOCk:SOURce on page 505
BUS<b>:CPARallel:CS:SOURce on page 505

Set to Default
Resets the data lines of the parallel bus to the default order DO...D15.

Chip Select
Enables the chip select line for the parallel clocked bus.

Remote command:
BUS<b>:CPARallel:CS:ENABle on page 505

Polarity
For the parallel clocked bus, selects if the chip select signal is high active ( high =
1) or low active ( low = 1).

Remote command:
BUS<b>:CPARallel:CS:POLarity on page 506

Slope

For the parallel clocked bus, selects if the data is sampled on the rising (E#) or falling
(B™) slope of the clock, or on both edges (Fi¥) of a double data rate clock. The clock
slope marks the begin of a new bit.

Remote command:
BUS<b>:CPARallel:CLOCK:SLOPe on page 505

13.5.2 Decode Results

When the configuration of the parallel bus is complete, the signal can be decoded:

1. In the "Bus" menu, enable "Decode".

2. Inthe "Display" menu, select the result display settings.
See Chapter 12.1.2, "Displaying Decode Results", on page 191.

3. Inthe "Bus Table" menu, enable the "Bus Table". Adjust the table settings.
See also: Chapter 12.1.3, "Bus Table: Decode Results", on page 192
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Figure 13-3: Decoded Parallel bus signal with bus table

Figure 13-4: Decoded Parallel clocked bus signal

The bus table shows the data of decoded frames and the corresponding start time.

Remote commands are described in Chapter 15.12.2.3, "Parallel Buses - Decode
Results", on page 506.
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14 Signal Generation (Option R&S RTB-B6)

The R&S RTB2000 has an integrated function and pattern generator which can gener-
ate signals while testing circuits, for instance.

The waveform generator can output simple functions, modulated sine waveform, arbi-
trary waveforms and sweep waveforms. The integrated pattern generator can generate
individual or cycle patterns and simple bus signal patterns.

14.1 Function Generator

The waveform generator can output simple functions, modulated sine waveform, arbi-
trary waveforms and sweep waveforms. The signal is output at the [Aux Out] connector
on the front panel.

Short Menu

In the short menu for the function generator, you can open the comprehensive menu,
and turn off the function generator.

You can also create an arbitrary waveform by copying a waveform and display or hide
the arbitrary waveform. For description of the functions in the short menu, see Chap-
ter 14.1.6, "Arbitrary Setup Settings", on page 269.

Waveform Visible Copy
Copy Waveform Set Period

Off ilenu Set To Screen

F D¥pp Select All
High-Z 0 Hz

Cancel

A 250 m¥pp
High-Z OHz

Figure 14-1: Short menu to create arbitrary waveform

14.1.1 Using the Function Generator

To configure a function waveform
1. Press the [Gen] key on the front panel.
2. Select the "Function" that you want to generate, e.g. "Sine".

3. Depending on the selected "Function", configure the settings of the waveform like
"Frequency" and "Amplitude".
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4. Activate "Output", to output the waveform at the [Aux Out] connector at the front
panel.
To generate a modulated waveform

Modulationj settings are described in Chapter 14.1.4, "Modulation Settings",
on page 266.

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

2. Configure the carrier waveform as described above.
3. Tap "Modulation".
4

In the "Modulation" menu, tap "Modulation Type" and select the modulation type,
e.g. "AM".

5. Depending on the selected "Modulation Type", configure the settings of the wave-
form.

6. Enable "Modulation" to activate the modulation.

7. Tap "Back".

8. Activate "Output”, to output the waveform at the [Aux Out] connector at the front
panel.

To generate an arbitrary waveform using the comprehensive menu

Settings are described in Chapter 14.1.6, "Arbitrary Setup Settings", on page 269.

1. Capture and display the waveform that is the basis for the arbitrary waveform.

Press the [Gen] key on the front panel.

Select "Function" > "Arbitrary".

Set the frequency, amplitude, and offset of the waveform to be generated.

Tap "Arbitrary Setup”.

Select the "Source" waveform.

N o o M BN

To select a sector of the existing waveform, tap "Cut Waveform". Do one of the fol-

lowing:

a) Set the "Start" and "Stop" time to select an area.

b) Drag the limit lines of the area to change the start and stop time.

c) Tap "Set Period" to set the copy to the first period of the waveform.

d) Tap "Set To Screen", to set the copy area within the screen around the trigger
point..

e) Tap "Select All" the use the complete waveform.

8. Press "Copy" to create the arbitrary waveform from the selected "Source" and the
"Cut Waveform" limits.

The arbitrary waveform is automatically saved.
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9. Tap "Visible" to enable the arbitrary waveform.

The arbitrary waveform is shown in magenta color. If the arbitrary waveform was
created from a part of the displayed channel waveform, this part is streched in hori-
zontal direction to fill all divisions.

10. To load an existing arbitrary waveform or a saved reference waveform, tap "Load".
Select the waveform file.

11. Tap "Back".

12. Activate "Output", to output the waveform at the [Aux Out] connector at the front
panel.

The created arbitrary waveform is output at the [Aux Out] connector at the front
panel, with the frequency, amplitude and offset that are set in the "Function Gener-
ator" menu.
To generate an arbitrary waveform using the short menu
Settings are described in Chapter 14.1.6, "Arbitrary Setup Settings", on page 269.
1. Capture and display the waveform that is the basis for the arbitrary waveform.
Press the [Gen] key on the front panel.
Select "Function" > "Arbitrary".
Set the frequency, amplitude, and offset of the waveform to be generated.
Activate "Output".
Open the short menu of the function generator in the bottom menu.

Tap "Copy Waveform".

©® N o g ~ w0 DN

To select a sector of the existing waveform, tap "Cut Waveform". Do one of the fol-
lowing:
a) Drag the limit lines of the area to change the start and stop time.
A time edit firld is shown, where you also can set the "Start" and "Stop" time.
b) Tap "Set Period" to set the copy to the first period of the waveform.
c) Tap "Set To Screen", to set the copy area within the screen around the trigger
point..
d) Tap "Select All" the use the complete waveform.

9. Press "Copy" to create the arbitrary waveform the "Cut Waveform" limits.

The arbitrary waveform is shown in magenta color. If the arbitrary waveform was
created from a part of the displayed channel waveform, this part is streched in hori-
zontal direction to fill all divisions. The arbitrary waveform is automatically saved.
The created arbitrary waveform is output at the [Aux Out] connector at the front
panel, with the frequency, amplitude and offset that are set in the "Function Gener-
ator" menu.
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To configure a burst

Burst settings are described in Chapter 14.1.5, "Burst Settings", on page 268.
1. Press the [Gen] key on the front panel.

Configure the signal waveform as described above.

Select the "Burst" tab.

Set the "N-Cycle", the "Idle Time" and the "Start Phase".

Set the "Trigger" to "Cont." or "Manual".

Tap "Back".

N o o M BN

Activate "Output", to output the waveform at the [Aux Out] connector at the front
panel.

To configure a sweep waveform

Weep settings are described in Chapter 14.1.3, "Sweep Settings", on page 265.

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

Configure the signal waveform as described above.

Select the "Sweep" tab.

Set the "Start Frequency", the "Stop Frequency" and the "Sweep Time".

Press "Sweep" to enable the sweep.

Tap "Back".

N o o M 0w DN

Activate "Output", to output the waveform at the [Aux Out] connector at the front
panel.

14.1.2 Basic Settings of the Function Generator

Access: [Gen] key

For a step-by-step description, see "To configure a function waveform" on page 259.
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Output
Enables the function generator.

Remote command:
WGENerator:OUTPut [ :ENABle] on page 510

Function
Selects the type of waveform to be generated. For all waveforms, you can set the Fre-
quency, Amplitude, Offset, and Noise.

"DC" Generates a direct current (DC) signal.

"Sine" Generates a sine wave.

"SinC" Generates a cardinal sine wave.

"Rectangle" Generates a square wave.

"Pulse" Generates a pulse signal. Additional settings are the Duty Cycle and
the Edge Time.

"Triangle" Generates a triangle signal.

"Ramp" Generates a ramp signal. You can set the Polarity.

"Arbitrary" Generates an arbitrary waveform, which is copied from an existing

waveform, or loaded from file. See Chapter 14.1.6, "Arbitrary Setup
Settings", on page 269.

"Exponential"  Generates an exponential rise signal. You can set the Polarity.

Remote command:
WGENerator: FUNCtion on page 508

Frequency
Sets the frequency of the waveform. The available frequency range depends on the
selected function. The frequency ranges are provided the datasheet.

Remote command:
WGENerator: FREQuency on page 509
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Polarity
Sets the polarity.

For the "Exponential" function, you can choose between a rising or falling exponential.
For the "Ramp" function, you can set a positive or negative polarity.

Remote command:
WGENerator:FUNCtion:EXPonential:POLarity on page 509
WGENerator:FUNCtion:RAMP: POLarity on page 509

Edge Time
Sets the pulse edge time.

Remote command:
WGENerator:FUNCtion:PULSe:ETIMe on page 509

Duty Cycle
Sets the duty cycle for the pulse function. The duty cycle expresses for what percent-
age of the period, the signal state is high.

Remote command:
WGENerator:FUNCtion:PULSe:DCYCle on page 509

Amplitude
Sets the amplitude of the waveform.

Remote command:
WGENerator:VOLTage on page 508

Offset
Sets the vertical offset of the generated waveform.

Remote command:
WGENerator:VOLTage: OFFSet on page 509

Noise
Sets the noise of the generated waveform.

Remote command:
WGENerator:NOISe:ABSolute on page 510
WGENerator:NOISe:RELative on page 510

Arbitrary Setup
Opens a menu to configure the arbitrary waveform.

See Chapter 14.1.6, "Arbitrary Setup Settings", on page 269.

Sweep
Opens a menu to configure the sweep.

See Chapter 14.1.3, "Sweep Settings", on page 265.

Modulation
Opens a menu to configure the modulation.

See Chapter 14.1.4, "Modulation Settings", on page 266.

User Manual 1333.1611.02 — 08 264

839145 010-62176785 www . hyxyyq.com



R&S®RTB2000 Signal Generation (Option R&S RTB-B6)

Invert
Inverts the waveform at the offset level.

Load
Select the user load, the load of the DUT at its connection. You can select either a
"50Q" or a "High-Z" (high input impedance) load.

Remote command:
WGENerator:OUTPut : LOAD on page 510

14.1.3 Sweep Settings

Access: [Gen] key > "Sweep"

In the sweep mode, the R&S RTB2000 generates a signal whose frequency gradually
changes from the Start Frequency to the Stop Frequency for a certain Sweep Time.

For a step-by-step description of the sweep setup, see "To configure a sweep wave-
form" on page 262.

Sweep Bo

Start Frequency
50 kHz
Stop Frequency
100 kHz
Sweep Time
1s
Sweep

Linear

Sweep
Enables or disables the sweeping.

Remote command:
WGENerator:SWEep [ :ENABle] on page 516

Start Frequency
Sets the start frequency of the sweep signal.

Remote command:
WGENerator:SWEep: FSTart on page 515

Stop Frequency
Sets the stop frequency of the sweep signal.

Remote command:
WGENerator: SWEep: FEND on page 515
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Sweep Time
Sets the duration of the sweep.

Remote command:
WGENerator: SWEep: TIME on page 515

Sweep

Sets the type of the sweep, a linear, logarithmic or triangle-shaped change of the fre-
quency. The triangle-shaped sweep will run from the "Start Frequency" to the "Stop
Frequency" and then from the "Stop Frequency" back to the "Start Frequency".

Remote command:
WGENerator:SWEep: TYPE on page 515

14.1.4 Modulation Settings

Access: [Gen] key > "Modulation"

Modulation is the variation of properties of an original periodic waveform according to a
second modulating signal. The type of modulation determines which properties are
changed.

For a step-by-step description of the modulation setup, see "To generate a modulated
waveform" on page 260.

Modulation [ O

fflodulation Type
AM
Function
Ramp
Polarity
Neg.

Frequency

1 kHz
AM Depth

100 %

Modulation
Enables or disables modulation.

Remote command:
WGENerator:MODulation[:ENABLE] on page 513

Modulation Type
Selects the modulation type, which defines how the carrier signal is modified.

"AM" Amplitude modulation. The amplitude of the carrier signal is varied
according to the modulation signal.
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"FM" Frequency modulation. The frequency of the carrier signal is varied
according to the modulation signal.
"ASK" Amplitude shift keying (ASK) modulation. The amplitude switches

between 100% and the "ASK Depth" amplitude with a defined modu-
lating "Frequency".
"FSK" Frequency shift keying (FSK) modulation. The signal frequency

switches between the carrier "Frequency" and the "Hop. Frequency"
at a "FSK Rate".

Remote command:
WGENerator:MODulation:TYPE on page 513

Function
Selects the type of the modulating signal for AM or FM modulation.

Remote command:
WGENerator:MODulation:FUNCtion on page 513

Frequency
Sets the frequency of the modulating waveform for AM/FM/ASK modulation.

Remote command:

WGENerator:MODulation:AM: FREQuency on page 513
WGENerator:MODulation:FM: FREQuency on page 514
WGENerator:MODulation:ASK:FREQuency on page 514

AM Depth
Sets the modulation depth, the percentage of the amplitude range that is used for AM
modulation.

Remote command:
WGENerator:MODulation:AM: DEPTh on page 514

Deviation
Sets the frequency deviation, the maximum difference between the FM modulated sig-
nal and the carrier signal.

Remote command:
WGENerator:MODulation:FM:DEViation on page 514

ASK Depth
Sets the modulation depth, the percentage of the amplitude range that is used for ASK
modulation.

Remote command:
WGENerator:MODulation:ASK:DEPTh on page 514

Polarity
Sets the polarity of the ramp function for AM and FM modulation.

Remote command:
WGENerator:MODulation:RAMP:POLarity on page 515
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Hop. Frequency
Sets the second frequency of the FSK-modulated signal.

Remote command:
WGENerator:MODulation:FSK:HFREquency on page 514

FSK Rate

Sets the rate at which signal switches between the carrier frequency and the hopping
frequency.

Remote command:
WGENerator:MODulation:FSK:RATE on page 515

14.1.5 Burst Settings

Access: [Gen] key > "Burst"
With the burst mode, you can output a waveform for a set number of times.

For a step-by-step description of the modulation setup, see "To configure a burst"
on page 262.

Burst

Burst

N-Cycle

ldle Time

Start Phase

Trigger

Cont.

ilanual

Burst
Enables or disables the burst.

Remote command:
WGENerator:BURSt [ :STATe] on page 512

N-Cycle
Sets the number of times the generator outputs one cycle of the waveform per burst.
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Remote command:
WGENerator :BURSt :NCYCle on page 512

Idle Time
Sets the idle time between two burst cycles.

Remote command:
WGENerator :BURSt : ITIMe on page 512

Start Phase
Sets the start phase of the burst.

Remote command:
WGENerator:BURSt : PHASe on page 512

Trigger
Selects the trigger mode. Each time the generator receives a trigger, it outputs a burst
with the number of cycles defined with "N-Cycle".

In the continuous mode, the oscilloscope outputs continuously when the burst is
enabled.

In the manual mode, you have to press "Manual" to output a burst.

14.1.6 Arbitrary Setup Settings

Access: [Gen] key > "Arbitrary Setup”

An arbitrary waveform is copied from an existing waveform on the instrument, or loa-
ded from file. You can display the arbitrary waveform on the screen.

For a step-by-step description of the modulation setup, see "To generate an arbitrary
waveform using the comprehensive menu" on page 260.

_/\_\/__

Arbitrary Setup
Viisible

Source
C1

7V Copy

2%  Cut Waveform

|ag Load
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Visible
Enables the display of the arbitrary waveform.

Remote command:
WGENerator:ARBitrary:VISible on page 511

Source
Selects the source of the arbitrary waveform. You can load an existing file or load the
current oscilloscope waveform.

Remote command:
WGENerator:ARBitrary:SOURce on page 510

Copy
Loads the waveform from the selected "Signal source" or the waveform part selected
with "Cut Waveform".

Remote command:
WGENerator:ARBitrary:UPDate on page 511

Cut Waveform
Provides the settings to refine the part of the waveform to be copied.

Set Period — Cut Waveform
Sets the copy area to the first period of the waveform.

Set To Screen < Cut Waveform
Sets the copy area within the screen.
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Select All — Cut Waveform
Selects the whole waveform.

Start < Cut Waveform
Sets the start time of the copy area.

Remote command:
WGENerator:ARBitrary:RANGe: START on page 511

Stop < Cut Waveform
Sets the stop time of the copy area.

Remote command:
WGENerator:ARBitrary:RANGe:STOP on page 511

Load
Opens a file selection dialog box and loads the selected file. The instrument sup-
ports . trf and .csv file formats, the same formats like for reference waveforms.

Remote command:
WGENerator:ARBitrary[:FILE] :NAME on page 511
WGENerator:ARBitrary[:FILE] : OPEN on page 511

14.2 Pattern Generator

The pattern generator outputs parallel patterns on the four pins PO to P3 on the front
panel of the instrument.

1. Press the & [Apps Selection] key.
2. Tap "Pattern Gen.".

A dialog box shows the pins, on which the pattern is output, depending on the selected
pattern.

Pattern: Square Wave

Pattern Generator
PO P1 P2 P3

Ground Unused
Unused

Rectangle Unused
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14.2.1 Pattern Selection

Pattern State [N

Pattern
Square Wave
Frequency

10.101 kHz

Pattern State
Enables or disables the pattern output at the pins PO to P3.

Remote command:
PGENerator:PATTern:STATe on page 517

Pattern
Selects the pattern type.

"Square Wave" Generates a square wave pattern at pin PO.

"Counter" Generates a 4-bit wide counter pattern at pins PO to P3.

"Arbitrary" Creates, saves or loads an arbitrary 4-bit wide pattern and outputs it
at pins PO to P3.

"Manual" Sets the high or low state for each pin.

"UART, SPI, Generates a bus signal for measurements without measurement

I12C, CAN, LIN, object.

Audio -12S,

Audio- TDM"

Remote command:
PGENerator:FUNCtion on page 516

14.2.2 Settings for Square Wave Pattern

Access: "Menu" > "Pattern Gen." > "Pattern" = "Square Wave"

Pattern
Square Wave
Frequency
10.101 kHz
Period
99 ps

Polarity

Mormal

Duty Cycle
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Frequency
Sets the frequency of the square wave.

The values of the "Frequency" and "Period" depend on each other, as:
Period = 1/ Frequency
If you change the value, the "Period" is adjusted accordingly.

Remote command:
PGENerator:PATTern:FREQuency on page 518

Period
Sets the period of the square wave. If you change the value, the "Frequency" is adjus-
ted accordingly.

Remote command:
PGENerator:PATTern:PERiod on page 517

Polarity
Sets normal or inverted polarity.

Remote command:
PGENerator:PATTern:SQUarewave:POLarity on page 521

Duty Cycle
Sets the duty cycle of the square wave from 1% to 99%.The duty cycle expresses for
what percentage of the period, the signal state is high.

Remote command:
PGENerator:PATTern:SQUarewave:DCYCle on page 521

14.2.3 Settings for Counter Pattern

Access: "Menu" > "Pattern Gen." > "Pattern" = "Counter"

Pattern
Counter

Direction

Upward

Frequency
100 kHz

Frequency
Sets the switching frequency, how fast the pattern condition changes. The square
waveforms at the pins have the following resulting frequencies:

PO: /2
P1: f/4
P2: f/8
P3: f/16

Remote command:
PGENerator:PATTern:COUNter: FREQuency on page 520
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Direction
Changes the counting direction.

Remote command:
PGENerator:PATTern:COUNter:DIRection on page 521

14.2.4 Settings for Arbitrary Pattern

Access: "Menu" > "Pattern Gen." > "Pattern" = "Arbitrary”

Pattern

Arbitrary v

Q. Pattern Setup I

00 Timing Setup I

OO save

G load

Pattern trigger
(@ 1x

14.2.4.1 General Settings

Save
Opens a dialog box to save a waveform as an ARB pattern. The text files contatining
remote commands are saved in *. scp format.

You can select the "Location" to which the waveform file (internal or USB) is saved.
Tap "Save" to save the file under the current name.

Tap "New File" and enter the name of the new file you want to save.

You can also delete obsolete files in the dialog box.

Load
Provides functions to load an ARB waveform.

Select the "Location" of the waveform file (internal or USB), and the file. Tap "Load".

You can also delete obsolete files in the dialog box.

Pattern trigger
Selects the mode for the trigger for the ARB pattern. You can select an automatic con-
tinuous trigger or a manual one time trigger.

Remote command:
PGENerator:PATTern:TRIGger : MODE on page 519
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14.2.4.2 Pattern Setup

Arbitrary

Pattern Length
100

Index

Value

I Delete All

Pattern Length
Sets the pattern length, the number of samples for the pattern.

Remote command:
PGENerator:PATTern:ARBitrary:DATA:LENGth on page 520

Index
Selects a sample. The selected sample is shown in the information box as a light blue
line. Around the index, 8 bits are displayed.

Remote command:
PGENerator:PATTern:ARBitrary:DATA:APPend: INDex on page 520

Value
Sets the value of the currently selected "Index".

Draw
If enabled, you can draw large sample amounts with the same value.

Delete All
Deletes the pattern. Also, resets the "Pattern Length" to 1 and the "Value" to 0.
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14.2.4.3 Timing Setup

Timing Setup

Bit Time

Period

Bit Time
Sets the time at which each sample is applied. The time is identical for all samples.

Remote command:
PGENerator:PATTern:STIMe on page 517

Period

Sets the period of the sample. It applies to the whole pattern. Period= Pattern Length *
Bit Time

Remote command:

PGENerator:PATTern:PERiod on page 517

Burst

If activated, the instrument pauses after each issued pattern for the duration of the "Idle
Time".

Remote command:

PGENerator:PATTern:BURSt:STATe on page 518

Idle Time

Sets the idle time, the time for which the instrument pauses after each issued pattern.
The "Idle Time" between the patterns can be set from 20 ns to 42 s in increments of 10
ns.

Remote command:
PGENerator:PATTern:ITIMe on page 518

N-Cycle
Sets the number of times the pattern is generated.

Remote command:
PGENerator:PATTern:BURSt:NCYCle on page 518
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14.2.5

14.2.6

User Manual 1333.1611.02 — 08

Signal Generation (Option R&S RTB-B6)

Settings for Manual Pattern

Access: "Menu" > "Pattern Gen." > "Pattern" = "Manual"

Pattern
Manual
PO

High
P1

High
P2

High
P3

High

PO/P1/P2/P3
Sets the states to high or low for the respective pin of the manual pattern.

Remote command:
PGENerator:MANual: STATe<s> on page 521

Settings for Serial Buses

You can use the pattern generator to generate signals according to serial protocols
(bus signals).

The genrated serial protocol signals are pseudo random pattern and are not adaptable.
Only the protocol type and the data rate can be selected.

The contact at the upper left is always ground and the signal levels are about 1 V. The
following table shows how the four outputs PO, P1, P2 and P3 are used, depending on
the signal.

Signal PO P1 P2 P3

UART Tx Rx Unused Unused
SPI Clock Mosi Miso Chip Select
12C Clock SCL Data SDA Unused Unused
CAN CAN H CAN L Unused Unused
LIN High Low Unused Unused
Access:  "Menu" > "Pattern Gen." > "Pattern" = "UART | SPI | I2C | CAN | LIN"
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Pattern
UART

Active

9600 Bit/s

115.2 kBit/s

1 MBit/s

Data Rate
Select the data rate of the bus signal.

The following values are available for the specific bus:

e UART: 9600 Bit/s, 115.2 kBit/s, 1 MBit/s

SPI: 100 kBit/s, 250 kBit/s, 1 MBit/s

12C: 100 kBit/s, 400 kBit/s, 1000 kBit/s, 3400 kBit/s
CAN: 50 kBit/s, 100 kBit/s, 1 MBit/s

LIN: 9.6 kBit/s, 10.417 kBit/s, 19.200 kBit/s

Active
Sets the polarity for the UART bus.
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15 Remote Control Commands

This chapter provides the description of all remote commands available for

R&S RTB2000. 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 Com-
mands" at the end of this documentation.

Processing of remote control commands

The response time on remote commands depends on several factors:
® Number of active channels

® Number of active measurements

® Size of the acquisition memory

® Timebase

® Trigger frequency

The R&S RTB2000 processes measurement queries in the following way:

® |n stop mode or with slow trigger frequency if no new data since last value calcula-
tion is available, the oscilloscope sends the measured value in the response.

® Otherwise, if new data since last value calculation is available, the oscilloscope cal-
culates and sends the response.
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15.1 Conventions used in 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 explicitly.

® Parameter usage
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If not specified otherwise, a parameter can be used to set a value and it is the
result of a query.

Parameters required only for setting are indicated as Setting parameters.
Parameters required only to refine a query are indicated as Query parameters.
Parameters that are only returned as the result of a query are indicated as Return
values.

® Conformity
Commands that are taken from the SCPI standard are indicated as SCPI con-
firmed. All commands used by the R&S RTB2000 follow the SCPI syntax rules.

® Asynchronous commands
A command which does not automatically finish executing before the next com-
mand starts executing (overlapping command) is indicated as an Asynchronous
command.

® Reset values (*RST)
Default parameter values that are used directly after resetting the instrument (*RST
command) are indicated as *RST values, if available.

® Default unit
The default unit is used for numeric values if no other unit is provided with the
parameter.

15.2 Programming Examples

o  DocumMENtING RESUIES......eeiiiiiiiiie e a e 280
O FIirmware UpPate.... ...t 284
@ S BAICI . et e e e e e e —————————————— 285
®  FUNCHON GENEIAION......ccii i ittt e e e e e e e e e e e e e e snnnnes 286

15.2.1 Documenting Results

® Saving Screenshots t0 File........oocuiiiiiiiiii e 280
e Saving, Copying, and Loading Setup Data.......ccccceeeeiiiiiiiiiiiiiieeee, 281
e Reading Waveform Data in Real Format.............oooviiiiiiiiiiieeeeeeee, 282
e Reading Waveform Data in Unsigned Integer Format.............ccooiiiiiiiiicnnnneennn. 282

15.2.1.1 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 15.9.3, "Screenshots", on page 413.

*RST
MMEM:CDIR "/USB_FRONT"
MMEM:MDIR "/USB_FRONT/PIX"
MMEM:CDIR "/USB_FRONT/PIX/"
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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"

15.2.1.2 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.

Command description in: Chapter 15.9.4, "Instrument Settings: Mass MEMomory Sub-
system"”, on page 414.

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,"Z0O0OM _A.SET,,2759"

MMEM:COPY "ZOOM_A.SET","ZOOM B.SET" // Copy file

MMEM:CAT? "* . SET" // Check

<-- 332112,8633856,"Z0O0OM _A.SET,,2759","Z00OM 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,"2Z00M B.SET,,2759","Z200M 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", "ZOOM_USB.SET, ,2759"
*RST; *OPC?
<-- 1
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15.2.1.3 Reading Waveform Data in Real Format
Set data format and sample range, read channel header and data.
Command description in Chapter 15.9.1, "Transfer of Waveform Data", on page 400.
Return values are example data.
// Check instrument connection (example)
* Connected to: TCPIP0::192.168.1.1::inst0::INSTR
SYST:ERR:ALL?
<-- 0,"No error" // if error queue is empty
*IDN?
<-- Rohde&Schwarz,RTB2004,1333.1005K04/101489,02.002
// Read waveform data
*RST
CHAN:TYPE HRES // Set high resolution mode (16 bit data)
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
CHAN:DATA? // Read channel data
<——  #520000>?22[>?22[>22[>22[>??2[>?2... // Binary block data,
// 4-byte floating point number/sample
15.2.1.4 Reading Waveform Data in Unsigned Integer Format
Read the channel header, the waveform conversion data, set the UINT binary data for-
mat and read the channel data.
Command description in: Chapter 15.9.1, "Transfer of Waveform Data", on page 400.
Return values are example data.
*RST
TIM:SCAL 1E-7
CHAN:DATA:POIN DMAX // Set data range
SING; *OPC?
<-- 1
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
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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:

® The number of received data values matches the number of samples indicated in
the header.

® The time of the first sample (XORigin) matches the start time Xstart indicated in the
header.

® 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.

Sample time

t, = n * xIncrement + xQOrigin

First sample: t, = -4.998000058E-7 (= Xstart)

Last sample: tygq9 = 4999 * 2E710 - 4.998E7 = 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, =-2.55E2 + (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-4 * 127.5) = 0
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8-bit and 16-bit data

At the end of the above example, the 8-bit waveform is read as 16-bit data, for exam-
ple, OxFF is read OxFFQO, 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,,

2e** 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.

15.2.2 Firmware Update

There are two ways to update the firmware on the instrument remotely. The web
browser does not yet include firmware update functionality.

To prepare the remote update, configure the instrument's interface to Ethernet, USB
TMC or USB VCP. Connect to the R&S RTB2000 using a socket connection, Visa or a
terminal program.

15.2.2.1 Using MMEM:DATA + DIAGnostic:UPDate:LOAD

1. Send the firmware update file data to the internal storage of the instrument, for
example:
:MMEM:DATA "/INT/RTB2004.FWU",blockdatal\n
In SCPI, block data is composed of a header #nm containing the length of the data
followed by the data in raw binary format. Here, m is the length of the data in byte,
and n is the number of digits in m. The firmware update file has to be sent in a sin-
gle transfer.

2. Start the firmware update:
:DIAG:UPD:LOAD "/INT/RTB2004.FWU"\n
The instrument loads, checks and executes the firmware update, and restarts.

3. After restart, delete the firmware update file in the internal storage:
:MMEM:DEL "/INT/RTB2004.FWU"\n

15.2.2.2 Using DIAGnostic:UPDdate:TRANsfer

1. Open a data transfer for the firmware update file, and check for errors:
:DIAG:UPD:TRAN:OPEN FIRM\n
:SYST:ERR:ALL?
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2. Send the firmware update file data to the internal RAM of the instrument:
:DIAG:UPD:TRAN:DATA offset, checksum,blockdatal\n
The offset parameter specifies the byte offset of the blockdata in the file. The
checksum parameter is a CRC-16-CCITT type checksum calculated for the raw
binary data in blockdata. In SCPI, block data is composed of a header #nm con-
taining the length of the data followed by the data in raw binary format. Here, m is
the length of the data in byte, and n is the number of digits in m.
The firmware update file can be split into multiple blocks, where each block has to
be transferred with the above command. You can also transfer the file in a single
block.
Example to send all data at once, without CRC:
DUT#sendRAW DIAG:UPD:TRAN:DATA 0,0, #822393104
DUT#sendFileContent "W:\RTB2004.FWU"
DUT#sendByte 10 //end of command '\n'

3. Close the transfer:
:DIAG:UPD: TRAN:CLOSE\n

4. Start the firmware update:
:DIAG:UPD:INST ""\n

The instrument checks and executes the firmware update.

15.2.3 Search

15.2.3.1 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 15.6.4, "Search", on page 324.

Prerequisite: A pulse signal is connected to channel 2.

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

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,
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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

15.2.4 Function Generator

Configure and output a sine waveform.
Command description in: Chapter 15.13.1, "Function Generator", on page 508.

Prerequesite: To see the generated waveform on the oscilloscope, connect the "Gen"
output to "Ch1" input.

*RST

WGEN:FUNC SIN // Selects sine function

WGEN :VOLT 700E-3 // Sets the amplitude
WGEN:FREQ 1.00E+06 // Sets the frequency
WGEN:OUTP:LOAD R50 // Sets the user load
WGEN:OUTP 1 // Outputs the sine waveform
AUT // Autoscale to see the waveform

15.3 Common Commands

Common commands are described in the IEEE 488.2 (IEC 625-2) standard. These
commands have the same effect and are employed in the same way on different devi-
ces. The headers of these commands consist of "*" followed by three letters. Many
common commands are related to the Status Reporting System.

Available common commands:

07 286
O TN 287
] = TP 287
T PP 287
13 PPN 287
B PPN 287
L L I 288
B 2 1N 288
R S T e e e 288
O RE . e e 288
BT 1 = PP 289
12 (TSP UU PO PRI 289
FWWAL L e 289
*CAL?

Performs a self-alignment of the instrument and then generates a status response.
Return values # 0 indicate an error.
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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.

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 then sets the reg-
ister 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, RTB2004,1333.1005k04/900012,
01.203

Usage: Query only

*OPC

Operation complete
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Sets bit 0 in the event status register when all preceding commands have been execu-
ted. This bit can be used to initiate a service request. The query writes a "1" into the
output buffer when all preceding commands have been executed, which is useful 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 data sheet.

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> 01
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 deter-
mines under which conditions a service request is triggered.
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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

*TRG
Trigger

Triggers all actions waiting for a trigger event. In particular, *TRG generates a manual
trigger signal. This common command complements the commands of the TRIGger
subsystem.

Usage: Event

*WAI
Wait 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

15.4 Waveform Setup

@ AULOMALIC SEIUP.. .o i —————————— 290
e Starting and Stopping ACQUISITION.........uuuiiiiiiicccecie e 290
@  Vertical SetliNgS. ... 291
@ PaSSIVE PrODES.....coeiiiieiii it e e 298
®  HOMZONtal SEHINGS....ciiiiiiiiiii i e 299
®  ACQUISITION SELHNGS. . uuiiiiiiiieei i e e e e e e e e e e e e eaaas 301
0 Waveform Data.... ... 306
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15.4.1 Automatic Setup

AUToscale

Performs an autoset process for analog channels: analyzes the enabled analog chan-
nel signals, and adjusts the horizontal, vertical, and trigger settings to display stable
waveforms

Usage: Event
Asynchronous command

15.4.2 Starting and Stopping Acquisition

RUN ettt ettt e e ettt e e e e et et e e ee e e e aaa e eeeseesaaneeseeesananaeseesbansaaeeensssnnseeesentanneeeeenennn 290
0]\ (@70 7o (g Lo TU 290
L1 L] = 290
RUNSINGIE. . tetttteteteteeaeaeae e e e e e e e e e e e e e e et et e eeeeeeaeeeeeeensa s aaaaeaeaeeaaaaaaeeeeeeeeeeeanensnssnnnnnnnnnn 290
ACQUIre:NSINGIEICOUNTL.....eeitiiei e iiitii e etee e e ettt e e e e e e e e e e e e ee b e e eeesasbaeeeeseesaanaeaaees 290
I 1 1 N 291
YN O @ T[S Y [ YT SR 291
RUN

RUNContinous

Starts the continuous acquisition.

Usage: Event
Asynchronous command

SINGle
RUNSingle

Starts a defined number of acquisitions. The number of acquisitions is set with
ACQuire:NSINgle:COUNt.

Usage: Event
Asynchronous command

ACQuire:NSINgle:COUNt <NSingleCount>

Sets the number of waveforms acquired with RUNSingle.

Parameters:
<NSingleCount> Number of waveforms.
Range: 1 to maximum number that depends on the record
length.
*RST: 1
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STOP
Stops the running acquistion.

Usage: Event
Asynchronous command

ACQuire:STATe
Sets or queries the acquisition state of the instrument.

Parameters:
<AcquisitionState>  RUN | STOPping | COMPlete | BREak

RUN

Set: Starts the acquisition.

Read: The acquisition is running.

STOPping

Set: Stops the acquisition when it is finished.
Read: Acquisition is stopped.

COMPlete
Set: Not available.
Read: The current acquisition is finished and completed.

BREak
Set: Immediate interrupt of current acquisition.
Read: acquisition is finished but interrupted.

15.4.3 Vertical Settings

(07 N N oY= s g Bt A =Y 292
(03 VN N Y= R ¢ Y@ ] N 292
CHANRNEISMS I AOFF ... ettt e e e ettt s e e e e ettt eeeeeeesta e eeseesnnaaeaeesastannsaasenes 292
CHANNEISMS IS C AL c.uuueeieiitiee i eeeeeeeee e e ettt et e e e e ettt ee e e e e eeeta e eaeeeeataeeeseesataaeeesenrannnnns 292
CHANRNEISMS>IRANGE. ....uuiieiietiie et eeeteee e e et eeeee e e e e et etaeeeeeeee b e e e s eetaa e eeereatannseesersrannnns 292
CHANNEISMSIPOSIHION. ... ceeeeee et e e et e e e e e e e e e e e e e eennns 293
(0] N N oY= s ¢ B O T o Y= SN 293
(01 VN N[ 1o O ' bl @@ LU ] 1T TS S 293
CHANRNEISM>:BANDWIGLN . ...ccvvitiriiiiieiieee e e s e e eeeeeeeeeeeeeeeeeeeserssssr b ieseeeeeaaaaaesessereees 294
(032 T N = R s b = O TI= T | 2P 294
CHANRNEISMSISKEW. ..eetiiieeiietee ettt e e ettt e e e e ettt e e e e e e et e e e e s eest s eeeeeesaneeeeresrannnnns 295
CHANNEISM>:ZOFFSEL[IVALUE.....ceeetueeeeeeeteteeeee e ettt e e e e eeeetee e e e e eesaaeeeeseeaaaeeeeeesanaaaees 295
(0] VNN oY= S ¢ PV L 01 @ ] I TN 295
(0] N N oY= s ¢ B @ AV o o= N 296
CHANNEISM>THRESNOIA. .. et e e e e e e e e e e e e e e e e eannes 296
CHANRNel<m>:THRESOIA:FINDIEVEL............ceeeeieeeeeeeritiiticieeeeeeeseeeeeeeeeeeeeeeeeeeeeeessssarananas 297
CHANNEI<KM>:THREShOIA:HY STEIESIS. ....ccevtuiiieieiiiiieeeeeeetie e e e e et e e e e eeteeeeeeeaaa e eaeens 297
(07 2 T N = R s b I Y = =Y SRR RRRRNY 297
(07 2 VAN 1o RS ¢ g b I AN = T R N (YOS 297
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CHANnNel<m>:STATe <State>

Switches the channel signal on or off.

Suffix:

<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<State> ON | OFF

CHANnel<m>:AON

Switches all analog channels on.

Suffix:
<m> The suffix is irrelevant.
Usage: Event

CHANnel<m>:AOFF

Switches all analog channels off.

Suffix:
<m> The suffix is irrelevant.
Usage: Event

CHANnel<m>:SCALe <Scale>

Sets the vertical scale for the indicated channel.

Suffix:
<m> 1.4
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

CHANnNel<m>:RANGe <Range>

Sets the voltage range across the all vertical divisions of the diagram. Use the com-
mand alternatively instead of CHANnel<m>:SCALe.
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Suffix:

<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<Range> Voltage range value

Range: 8e-3 to 80 (without probe attenuation)
*RST: 40e-3
Default unit: V

CHANnRel<m>:POSition <Position>

Sets the vertical position of the waveform in divisions. While the offset sets a voltage,
position is a graphical setting given in divisions.

Suffix:
<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.
Parameters:
<Position> Graphical position
Range: -5tob
*RST: 0

Default unit: div

CHANnNel<m>:0FFSet <Offset>

Sets the offset voltage, which is subtracted to correct an offset-affected signal.

Suffix:

<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<Offset> Offset value
Range: Depend on vertical scale and probe attenuation.
Increment: Depends on vertical scale and probe attenuation.
*RST: 0

Default unit: V

CHANnel<m>:COUPIling <Coupling>

Selects the connection of the indicated channel signal - coupling and termination.
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Suffix:

<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:
<Coupling> DCLimit | ACLimit | GND
DCLimit
DC coupling passes the input signal unchanged.
ACLimit
Removes the DC offset voltage from the input signal.

GND
Connection to a virtual ground. All channel data is setto o V.

CHANnel<m>:BANDwidth <BandwidthLimit>

Selects the bandwidth limit for the indicated channel.

Suffix:
<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.
Parameters:
<BandwidthLimit> FULL | B20
FULL
Use full bandwidth.
B20
Limit to 20 MHz. Higher frequencies are removed to reduce
noise.
*RST: FULL

CHANnel<m>:POLarity <Polarity>

Turns the inversion of the signal amplitude on or off. To invert means to reflect the volt-
age values of all signal components against the ground level. Inversion affects only the
display of the signal but not the trigger.

Suffix:

<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<Polarity> NORMal | INVerted
*RST: NORM
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CHANnel<m>:SKEW <Skew>
Sets a delay for the selected channel.

Deskew compensates delay differences between channels caused by the different
length of cables, probes, and other sources. Correct deskew values are important for
accurate triggering.

Suffix:

<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<Skew> Deskew value

Default unit: s

CHANnel<m>:ZOFFset[:VALue] <ZeroOffset>
Sets the zero offset.

Differences in DUT and oscilloscope ground levels may cause larger zero errors affect-
ing the waveform. If the DUT is ground-referenced, the "Zero Offset" corrects the zero
error and sets the probe to the zero level.

You can assess the zero error by measuring the mean value of a signal that should
return zero.

Suffix:

<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<ZeroOffset> *RST: 0

Default unit; V

CHANnel<m>:WCOLor <WaveformColor>

Selects the color scale for the waveform color. Each scale comprises a set of colors,
where each color represents a certain frequency of occurrence.

Suffix:

<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<WaveformColor> TEMPerature | RAINbow | FIRE | DEFault
TEMPerature
Temperature colors. Blue corresponds to rare occurrences of the
samples, while white indicates frequent ones.
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RAINbow

Rainbow colors. Blue corresponds to rare occurrences of the
samples, while red indicates frequent ones.

FIRE

Fire colors. Yellow corresponds to rare occurrences of the sam-
ples, while red indicates frequent ones.

DEFault
Default monochrome color.
*RST: DEF

CHANnel<m>:0OVERIoad <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> 1.4
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.
CHANnel?2:0OVERload OFF

Resets the overload status bit.

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> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<Threshold> Often used values are:
TTL: 1.4V
ECL:-1.3V
CMOS: 25V
Default unit: V
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CHANnel<m>:THReshold:FINDlevel

The instrument analyzes the channel and sets the threshold for digitization.

Suffix:

<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<FindLevel>

Usage: Event

CHANnNel<m>:THReshold:HYSTeresis <ThresholdHysteresis>

Defines the size of the hysteresis to avoid the change of signal states due to noise.

Suffix:

<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<ThresholdHysteresis=SMALI | MEDium | LARGe
Values correspond to the vertical scale
*RST: SMAL

CHANnNel<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

CHANnNel<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.
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Parameters:
<State> ON | OFF
*RST: OFF
15.4.4 Passive Probes

PROBe<m>:SETUP:ATTENUAtIONIUNIT ...ouuuiiiii ittt e e e e e e e e e e e e e eeraans 298
PROBe<m>:SETUP:ATTeNUAtiON:MANUAL.........ccevereeeeeiietieeeeeeeeetee e e eeeaee e e e e e eeaae s eeeeeesans 298
PROBe<mM>:SETUP:GAIN:UNIT ...t e et e e e a e e eeas 298
PROBe<m>:SETUP:GAIN:MANUAL. ..ot e e e e e e e e e e eas 299

PROBe<m>:SETup:ATTenuation:UNIT <Unit>

Selects the unit that the probe can measure.

Suffix:

<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<Unit> VI|A

PROBe<m>:SETup:ATTenuation:MANual <ManualAttenuation>

Sets the attenuation of the probe.

Suffix:

<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<ManualAttenuation> Range: 0.0001 to 10000

*RST: 1

PROBe<m>:SETup:GAIN:UNIT <Unit>

Selects the unit that the probe can measure.

Suffix:
<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.
Parameters:
<Unit> VI|A
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PROBe<m>:SETup:GAIN:MANual <ManualGain>

Sets the gain of the probe. The gain the the reciprocal of the attenuation (PROBe<m>:
SETup:ATTenuation:MANual)

Suffix:

<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<ManualGain> Range: 0.0001 to 10000

15.4.5 Horizontal Settings

TIMEDASE S CALE. .. .. eiieiteteeeeeeeeeteee e e ettt e e e e et e e e e e e ee bt e eeeeeasaa e eeserstanaeeeesesstnnaeeeenrann 299
LI (=Y o T ToT= N OS] T o PR 299
TIMEDASEIREFEIENCE. ......un et et e et e et e e e e e e e e e eeanaeaes 300
BN =Y o T Y= A O @ T 3TN 300
TIMEDASEIRANGE. ... . eeet ettt e et e et e e et ae e e et e e eea e e e eae e e et e e reanseeenneeeen 300
TIMEDASE:DIVISIONS?....cceevererririritiieaeieieeeeeeeeeeeeeeeeteeeeeeeeereratrarara————ieseseeeaeaaasseseesereerees 300
TIMEDASEIRATIME 2. et e e eeeeetee e e e ettt ee e e e ettt e e e e e e e eab e e eeseeaaa e eaeseastanaeeeerasnasaeseesrnnanaaes 300

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: 1e-9
*RST: 100e-6
Default unit: s/div

TIMebase:POSition <Offset>

Defines the trigger position, the time distance from the trigger point to the reference
point (trigger offset). The trigger point is the zero point of the diagram. Changing the
horizontal position, you can move the trigger, even outside the screen.

See also: TIMebase:REFerence on page 300

Parameters:
<Offset> Range: Depends on time base setting
Increment: 0.01
*RST: 0
Default unit: s
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TIMebase:REFerence <ReferencePoint>

Defines the time reference point in the diagram. The reference point is the rescaling
center of the time scale on the screen. If you modify the time scale, the reference point
remains fixed on the screen, and the scale is stretched or compressed to both sides of
the reference point.

The reference point defines which part of the waveform is shown. By default, the refer-
ence point is displayed in the center of the window, and you can move it to the left or
right.

See also: TIMebase: POSition on page 299

Parameters:
<ReferencePoint> 8.33 50| 91.67

8.33 = left position (1 div); 50 = middle position; 91.67 = right
position (11 div).

*RST: 50

Default unit: %

TIMebase:ACQTime <AcquisitionTime>
TIMebase:RANGe <AcquisitionTime>

Defines the time of one acquisition, that is the time across the 10 divisions of the dia-
gram: Timebase Scale*10.

Parameters:
<AcquisitionTime>  Range and increment depend on time base and other settings

Range: 250e-12 to 500
Increment: 1e-12
Default unit: s

TIMebase:DIVisions?
Queries the number of horizontal divisions on the screen.

Return values:
<HorizDivCount> Returns 12 divisions.

Usage: Query only

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 : ACQT ime).

Return values:
<HWAcqTime> Range: Depends on various settings
Default unit: s

Usage: Query only
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15.4.6 Acquisition Settings

ACQUIre:POINIS:AUTOMALIC. . cevvuueieeiiiiiiieeeeeiiie e e e ettt ee e e e e e eraae e e e e e eebaeeeeeersnaeeeeserrnnnanns 301
ACQUITE:POINIS[VALUE]. .+ veeeeeeeeeeeseeeeeeeesseesessesseeseesesesesseseessteseeseeseeseesesssessessesseenns 301
(07 VAN N [ T B o 4 bl I = = PPN 302
YO O TN 1T = I = =P 302
CHANNEISM> I ARITRMELICS. ..ceeeeeee et e e et e et e e eee e e et ae e e eea e e eeaaeeeebeeeennneaes 303
F N O @ [T od = N o (=] =Y PN 303
ACQUIIE:HRESOIULION. ...eeetuieieeeeiiiie e e et e e e e ettt e e e e e et te e e e e e eeat s e e e e setaaeeeeesestaneeeeenenns 303
ACQUIrE:NSINGIE:COUNTL. ... e r e s s e et e e e eaean e 304
ACQUIrE:AVERAGEICOUNL. ...ttt e e e e e e e et e e e ettt et ee et e e e e e e e e e e e e aaaaaaeeeeeneees 304
ACQUIrE:AVERAGEIRESEL.....cciiiiiiiiiiiiiet ettt ettt e e e e e e e as 304
ACQUIre:AVERAGEICOMPIEIE?. ... e e e e e e e ettt a e e e e e e e e e e e e e aaaeeeeeeeeees 304
TIMEbasSE:ROLL:AUTOMEALIC. ....uueeeeeeeeeeeeeeee e e et e e et e e et e e e e e e e e e e eaa e e e et e e eenneeeerneeennnaes 304
I = o T T (O T I I 1Y 1Y N 305
ACQUITE:INTEIPOIALE. ...eteertiieeeeeetiee e e e ettt e e e e e ettt ee e e e e e eeteeeeeeeaata e eesersaaneeeeressannsaesensnnnn 305
ACQUIrE P OINES:ARATE?. ... et e ettt e et et e ettt e e et e ettt aeeeeaa e e et e aeetaeeetnsaeeannaarsnaaennnaes 305
A C QUITE S R AT . ittt ettt ettt ettt et et e e e st e a e sa e eaes s enesnsasnsssnransnrenenrensnnenennnn 305

ACQuire:POINts:AUTomatic <AutoRecordLength>

Enables or disables the automatic record length. The instrument sets a value that fits
to the selected timebase.

If you set a specific value with ACQuire:POINts [ :VALue], the automatic assign-
ment of a record length is turned off.

Parameters:
<AutoRecordLength> ON | OFF

Example: ACQ:POIN:AUT ON
TIM:SCAL le-9
ACQ:POIN?; : SYST:ERR:ALL?
-> received 10000;0,"No error"
TIM:SCAL 5e-3
ACQ:POIN?; : SYST:ERR:ALL?

-> received 20000000;0,"No error"

ACQuire:POINts[:VALue]
Defines a record length value, the number of recorded waveform points in a segment.
The command turns ACQuire: POINts:AUTomatic OFF.

If ACQuire:POINts:AUTomatic is turned ON, the query ACQuire: POINts? returns
the automatically set record length.

Each predefined record length corresponds to a maximum number of history seg-
ments, which are stored in the instrument's memory. If option R&S RTB-K15 is instal-
led, you can display the history segments.
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Available record length values are:

® 10 kSa (13107 history segments)
® 20 kSa (13107 history segments)
® 50 kSa (3276 history segments)
® 100 kSa (2621 history segments)
® 200 kSa (1456 history segments)
® 500 kSa (319 history segments)
® 1 MSa (319 history segments)

® 2 MSa (159 history segments)

® 5 MSa (40 history segments)

® 10 MSa (32 history segments)

® 20 MSa (16 history segments)

Parameters:
<RecordLength>

Record length in Samples.
If the entered value differs from the predefined values, the
instrument sets the closest value.

CHANnNel<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>

Parameters:
<DecimationMode>

1.4
The command affects all channels regardless of the indicated
channel number. The suffix can be omitted.

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

ACQuire:TYPE <AcquisitionType>

Sets the type of the aquisition mode.

Parameters:
<AcquisitionType>
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REFresh

The aquisitions are displayed as they are done.

AVERage
The aquisitions are averaged.

ENVelope

The envelope of a repetitive signal is shown, representing the

borders in which the signal occurs.

CHANnel<m>:ARIThmetics <TrArith>

Selects the method to build the resulting waveform from several consecutive acquisi-

tions of the signal.

Suffix:

<m> 1.4
The command affects all channels regardless of the indicated
channel number. The suffix can be omitted.

Parameters:

<TrArith> OFF | ENVelope | AVERage

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.

*RST: OFF

ACQuire:PEAKdetect <PeakDetect>

Enables or disables the peak detect acquisition mode.

You can use this command alternatively to CHANnel<m>: TYPE.

Parameters:
<PeakDetect> AUTO | OFF

*RST: OFF

ACQuire:HRESolution <HighRes>

Enables or disables the high resolution acquisition mode.

You can use this command alternatively to CHANne1<m>: TYPE.
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Parameters:
<HighRes> AUTO | OFF

*RST: OFF

ACQuire:NSINgle:COUNt <NSingleCount>

Sets the number of waveforms acquired with RUNSingle.

Parameters:
<NSingleCount> Number of waveforms.
Range: 1 to maximum number that depends on the record
length.
*RST: 1

ACQuire:AVERage:COUNt

Defines the number of waveforms used to calculate the average waveform. The higher
the number, the better the noise is reduced.

Parameters:
<AverageCount> Range: 2 to 100,000
*RST: 2

ACQuire:AVERage:RESet
Deletes the waveform and restarts the average calculation.

Usage: Event

ACQuire:AVERage:COMPlete?
Returns the state of averaging.
Return values:

<AverageComplete> 0] 1

0

The number of acquired waveforms is less than the number
required for average calculation. See ACQuire:AVERage:
COUNt on page 304.

1
The instrument acquired a sufficient number of waveforms to
determine the average.

Usage: Query only

TIMebase:ROLL:AUTomatic <AutomaticRoll>

Enables the automatic roll mode. The instrument switches to roll mode if the timebase
is equal or slower than the roll mode limit defined with TTMebase : ROLL : MT TMe.
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Parameters:
<AutomaticRoll> ON | OFF

*RST: OFF

TIMebase:ROLL:MTIMe <MinTimeBase>

The roll mode is enabled automatically if the time base exceeds the MinTimeBase,
and if TTMebase :ROLL: AUTomatic on page 304 is set ON.

Parameters:
<MinTimeBase> Limit value for roll mode enabling.

*RST: 500e-3
Default unit: s/div

ACQuire:INTerpolate <InterpolationType>
Defines the interpolation mode.

See also: "Interpolation” on page 55

Parameters:
<InterpolationType> SINX | LINear | SMHD
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: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:
<ACDsampleRate> ADC sample rate

Default unit: Hz

Usage: Query only

ACQuire:SRATe? <SampleRate>

Returns the sample rate, that is the number of recorded waveform samples per sec-

ond.
Parameters:
<SampleRate> Default unit: Sa/s
Usage: Query only
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15.4.7 Waveform Data
Use the following commands are described in Chapter 15.9.1.2, "Analog Channels",
on page 402:
® FORMat[:DATA] on page 400
® CHANnel<m>:DATA? on page 402
® (CHANnel<m>:DATA:HEADer? on page 403
® CHANnel<m>:DATA:POINts on page 403
® CHANnel<m>:DATA:ENVelope? on page 404
® CHANnel<m>:DATA:ENVelope:HEADer? on page 405
® CHANnel<m>:DATA:XINCrement? on page 410
® CHANnel<m>:DATA:XORigin? on page 409
® (CHANnel<m>:DATA:YINCrement? on page 411
® CHANnel<m>:DATA:YORigin? on page 410
® CHANnel<m>:DATA:YRESolution? on page 411
® (CHANnel<m>:DATA:ENVelope:XINCrement? on page 410
® CHANnel<m>:DATA:ENVelope:XORigin? on page 409
® CHANnel<m>:DATA:ENVelope:YINCrement? on page 411
® CHANnel<m>:DATA:ENVelope:YORigin? on page 410
® CHANnel<m>:DATA:ENVelope:YRESolution? on page 411
15.5 Trigger
o General Trigger SettiNgsS. ..o 306
L I T T T I o o = SRR 308
L J VAV o o T 4T T T SR 310
L IV To L= oY 1NV Iy o o =Y P EUPPRR 312
L I = 11 0= o 1o o 1= PR 313
L I I T o =Y o104 o o = SRR 316
O Serial BUS..cco e e e e 316
15.5.1 General Trigger Settings
This section describes general trigger commands that are independent of the trigger
type.
TRIGGENAIMODE. ....citieiiiiiieieiaee e e e e e e e e e e e e e et et e e e et eeaetete et aaasesesesaaaaeaasarereesseesssssnrnsnnnn 307
TRIGGEIAISOURCE. ...t e e et et e et ettt ettt a e e e e e e e e e e eaaaaaaeeeeeeeaeeeeesentnnnn e ns 307
B R Te =T 0 i I PPN 307
TRIGQEr: A:HOLDOSF:IMODE.........ciiiieeee ettt a e e e e e e e e e e e e e e aaeeeeeeeeeeeeeneneenennnnnnnn 308
TRIGGErAHOLDOM TIME.....ciiiiieeeeeeeeeeeeeeeeeeveteta e se s e s e e e eeaeaeaaaeeseseeeeeeessssssssasannnnnan 308
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TRIGger:A:MODE <TriggerMode>

Sets the trigger mode. The trigger mode determines the behavior of the instrument if
no trigger occurs.

Parameters:

<TriggerMode> AUTO | NORMal
AUTO
The instrument triggers repeatedly after a time interval if the trig-
ger conditions are not fulfilled. If a real trigger occurs, it takes
precedence.
NORMal
The instrument acquires a waveform only if a trigger occurs.

*RST: AUTO

TRIGger:A:SOURce <Source>
Sets the trigger source for the selected A trigger type.

Parameters:
<Source> CH1 | CH2 | CH3 | CH4 | EXTernanalog | LINE | SBUS1 |
SBUS2 | D0..D15
CH1 | CH2 | CH3 | CH4
One of the analog input channels is the trigger source. Available
channels depend on the instrument type.
EXTernanalog
External trigger input on the front panel
LINE
AC power supply line for the line trigger
SBUS1 | SBUS2
Serial bus 1 or 2
Requires at least one protocol option for serial bus (R&S RTB-
K1 to K3)
D0..D15
Digital channels DO to D15, can be used as trigger sources for

edge, width, timeout and pattern trigger. Require MSO option
R&S RTB-B1.

TRIGger:A:TYPE <Type>

Sets the trigger typer.

Parameters:

<Type> EDGE | WIDTh | TV | BUS | LOGic | LINE
EDGE
Edge trigger
WIDTh
Width trigger
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TV
Video trigger

BUS
Requires at least one protocol option for serial bus (R&S RTB-
K1 to K3)

LOGic
Pattern trigger, logic trigger

LINE
Trigger on power supply line

TRIGger:A:HOLDoff:MODE <HoldOffMode>
Enables or disables the holdoff time.

Parameters:
<HoldOffMode> TIME | OFF

*RST: Off

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

15.5.2 Edge Trigger

TRIGGENAIEDGE:SLOPE. ...ttt et e e e e e e et e e e e e e eas 308
TRIGENAILEVEISNS[IVALUE]. c.cc it eeeeeeeeeieieiet e ae e e e e e e e e e e e e e aeaeeeeeeeeeeeeeenaensnsnnaan e e ens 309
TRIGGENAIFINDIEVEL ...ccceeeeeeeeieeeeeeeeeeeeeeeete e eeee s e e e e e eeaeaeaaeeeseeeeeeesesererssrasanaannses 309
TRIGQErAEDGE:COUPIING. . ccieitttieeieeeeetiieeeeeeettee e e e e eeeteeeeeseesta e eeesetataeeeesestanaeeeeerenns 309
TRIGGENEAHY STIESIS. cuuuu i eieeiittiieteeeeetteaeeee ettt aeeeeeseetaaeeeeeestaaeeesentanaeeeerrsranaaesersrnnnnns 309
TRIGQErALEVEISN> HY STEIESIS. ..cceieiiiieiiiieiiiintii i ciraieieeeeeeeasaaaaaseeereerreeeseresesrarnnan———aaan 310
TRIGErA:EDGE:FILTErHFREJECE. ..o e e eeeeee e e e e e e e e e e e e e e e eeeeeeeees 310
TRIGGEr AIEDGE:FILTErNREUJEC. ... iieieie e e e e eeeeee ettt s e e e e e e e e e e e e e e e e eeeeeeeeeenens 310

TRIGger:A:EDGE:SLOPe <Slope>

Sets the slope for the edge trigger.

Parameters:

<Slope> POSitive | NEGative | EITHer

POSitive

Rising edge, a positive voltage change
NEGative

Falling edge, a negative voltage change

ElTHer
The rising as well as the falling edge
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*RST: POSitive

TRIGger:A:LEVel<n>[:VALue] <Level>

Sets the trigger threshold voltage for edge, width, and timeout trigger.

Suffix:

<n> 1.5
Selects the trigger input. 1...4 select the corresponding analog
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 to 50% of the signal amplitude.

Usage: Event

TRIGger:A:EDGE:COUPIling <Coupling>

Sets the coupling for the trigger source.

Parameters:

<Coupling> DC | AC | LFReject
DC
Direct current coupling. The trigger signal remains unchanged.
AC

Alternating current coupling. A highpass filter removes the DC
offset voltage from the trigger signal.

LFReject

Sets the trigger coupling to high frequency. A 15 kHz highpass
filter removes lower frequencies from the trigger signal. Use this
mode only with very high frequency signals.

*RST: DC

TRIGger:A:HYSTeresis <Hysteresis>

Sets a hysteresis range around the trigger level. Hysteresis avoids unwanted trigger
events caused by noise oscillation around the trigger level. The automatic, small,
medium, large hysteresis values depend on the vertical scale.

On instruments with 1 GHz bandwidth, you can also set the hysteresis to user-defined
values using TRIGger:A:LEVel<n>:HYSTeresis.
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Parameters:
<Hysteresis> AUTO | SMALI | MEDium | LARGE

*RST: AUTO

TRIGger:A:LEVel<n>:HYSTeresis <LevelHysteresis>
Sets the hysteresis value for the trigger level on instruments with 1 GHz bandwidth.

Parameters:
<LevelHysteresis>  Default unit: DIV

TRIGger:A:EDGE:FILTer:HFReject <State>

Enables or disables an additional 5 kHz lowpass filter in the trigger path. This filter
removes higher frequencies and is available with AC and DC coupling.

To folter out higher frequencies, you can use either this command or TRIGger: A:
EDGE:FILTer:NREJect.

Parameters:
<State> ON | OFF
*RST: OFF

TRIGger:A:EDGE:FILTer:NREJect <State>

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

To folter out higher frequencies, you can use either this command or TRIGger: A:
EDGE:FILTer:HFReject.

Parameters:
<State> ON | OFF
*RST: OFF

15.5.3 Width Trigger

To set the trigger level (threshold), use:

® TRIGger:A:LEVel<n>[:VALue] on page 309
CHANnel<m>:THReshold on page 296

® TRIGger:A:FINDlevel on page 309
CHANnel<m>:THReshold:FINDlevel on page 297

® CHANnel<m>:THReshold:HYSTeresis on page 297

TRIGQENAMIDTNIPOLAIY...cieeiiiieeeeeeetieeee e et eeee e e e ettt e e e e e e et e e eeeeeaataeeeeseeraneeeeeeenranns 311
TRIGGENA:WIDTNIRANGE. ... ettt et e e e et e e e e e e e e e e e e e e eeeeenneens 311
TRIGGENHAWIDTRIWID TN ettt e et et e e e e e e e e e e e ea e e e e e aeennas 311
TRIGGEIN AW D TN IDELTA. . et ete ettt ettt e et e et et e e e e e e e e e e e e e e eeaaaean s 312
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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 limits.

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 TRTIGger:A:WIDTh:DELTa.
To trigger on an exact value ("Width =" or "Width %", set the
range to 0 ("Variation", 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: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
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TRIGger:A:WIDTh:DELTa <Delta>

Defines a variation range around the width value specified using TRIGger : A:WIDTh:
WIDTh.

Parameters:
<Delta> Variation At

Range: Minimum is 0. Maximum depends on the defined
pulse width (TRIG:A:WIDTH:WITDH).

15.5.4 Video/TV Trigger

LR =Y AN IV S 1 AN N T F- o S 312
TRIGEN ATV POLAIY...cceieeeeeeeeeeeeeeeeeeeeeeeeearab e eeaeseseeeeeeeaaaaeeesereeeeeseserssrsrararannnnnnsns 312
TRIGGENATVIFIELG. ..ccitieeieeeeeetce ettt e e et e e e e e e et e e e e e e et e e e e e eesb s eeeeeerananss 313
TRIGGEN A TV LINE .o e e e e e e e s e e e e e e e es 313

TRIGger:A:TV:STANdard <Standard>

Selects the color television standard.

Parameters:

<Standard> PAL | NTSC | SECam | PALM | I576 | 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 68

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
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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 availa-
ble 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:FIELd is set to LINE.

Parameters:
<Line> Range: 1 to 525 (NTSC, PAL-M); 625 (PAL, SECAM,
SDTV I-576); 750 (HDTV P720); 1125 (HDTV
11080, HDTV P1080)
Increment: 1

*RST: 1
15.5.5 Pattern Trigger
o  Pattern DefinitioN.... ..o ———— 313
@  TIMe Limitation.......eeeccceee e ———— 314
15.5.5.1 Pattern Definition
TRIGQErAPATTEM:SOURCE. .. .ccetttiiieeeeieiee i ee et eetee e e e e e etee e e e e e e taeeeeesestaaaeeeeressanaeaasenes 313
TRIGGErAPATTEIMFUNCHON. ..cctuii it eeeeeee ettt e ettt e e e e et e e e e e e e eabe e e e e eeeraaeeeeeeenranns 314
TRIGQEr:A:PATTErN:CONDILION. .....cceieieieeeeeeeeeteettt e eese e e e e e e eeaeeaeaeeeeeeereeeesessssensnnnnnnnnns 314

TRIGger:A:PATTern:SOURce <SourceString>
Sets the state for each channel.

Parameters:
<SourceString> String containing 0, 1, or X for each channel.
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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.

Without MSO option R&S RTB-B1, the pattern has 4 or 2 bits,
depending on the number of channels: <C1><C2>[<C3><C4>].
With MSO option, the pattern has 20 or 18 bits:
<C1><C2>[<C3><C4>]<D0><D1><D2>...<D15>.

Example: Without MSO option:
TRIG:A:PATT:SOUR "1X10"

C1 and C3 is set to high, C4 to low, and C2 does not matter
(don't care).

Example: With MSO option:
TRIG:A:PATT:SOUR "XXXX111101010011XXXX"
Analog channels C1 to C4 do not matter (don't care). Digital
channels DO to D11 are set to high or low, D12 to D15 do not
matter.

TRIGger:A:PATTern:FUNCtion <Function>

Sets the logical combination of the channel states .
Parameters:

<Function> AND | OR

AND
The required states of all channels must appear in the input sig-
nal at the same time.

OR
At least one of the channels must have the required state.
*RST: AND

TRIGger:A:PATTern:CONDition <ConditionString>

Defines whether the instrument triggers on fulfillment of the logical condition, or on vio-
lation.

Parameters:
<ConditionString> ""TRUE" | ""FALSE""

String parameter

*RST: l"lTRU El"l
15.5.5.2 Time Limitation
LRI AN N =Y g V[ T N 315
TRIGQer:A:PATTern:WIDTh:RANGE. ...ttt e e e e e e e e e eas 315
TRIGGer:A:PATTern:WIDTh[:WIDTh]. ..ttt ettt e e e e e e ee 315
TRIGEr:A:PATTErN:WIDTH:DELTA. ....cceieieieeeeeeeieieiieiteeeeaeae e e e e e e e e e e e e eaeeeeeeeeeeeeeeneennnnnnnnnn 316
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TRIGger:A:PATTern:MODE <PatternMode>

Disables the time limitation or sets the time comparison mode.

Parameters:

<PatternMode> OFF | TIMeout | WIDTh
OFF
Disables the time limitation.
TIMeout

Defines how long at least the result of the state pattern condition
must be true or false.

WIDTh

Defines a time range for keeping up the true result of the pattern
condition. The range is defined using TRIGger:A: PATTern:
WIDTh:RANGe.

TRIGger:A:PATTern:WIDTh:RANGe <PatternRange>
Selects how the time limit for the pattern condition is defined.

The time is specified using TRIGger :A: PATTern:WIDTh[:WIDTh], the range
around is specified using TRIGger:A: PATTern:WIDTh:DELTa.

Parameters:
<PatternRange> WITHin | OUTSide | SHORter | LONGer

WITHin
Triggers if the pattern condition remains unchanged longer than
Time - Delta and shorter than Time + Delta.

OUTSide
Triggers if the pattern condition remains unchanged either
shorter than Time - Delta or longer than Time + Dellta.

SHORter | LONGer
Triggers if the pattern condition changes before or after the
specified time.

TRIGger:A:PATTern:WIDTh[:WIDTh] <PatternWidth>

For the ranges WITHin and OUTSide, the <PatternWidth> defines the center of a
range which is defined by the limits +<Delta>.

For the ranges SHORter and LONGer, the pattern width defines the maximum and
minimum values, respectively.

Parameters:
<PatternWidth> Default unit: s
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TRIGger:A:PATTern:WIDTh:DELTa <PatternDelta>

Defines a range around the pattern width value specified using TRIGger: A:
PATTern:WIDTh[:WIDTh].

Parameters:
<PatternDelta> Default unit: s

15.5.6 Timeout Trigger

To set the trigger level (threshold), use:

® TRIGger:A:LEVel<n>[:VALue] on page 309
CHANnel<m>:THReshold on page 296

® TRIGger:A:FINDlevel on page 309
CHANnel<m>:THReshold:FINDlevel on page 297

® CHANnel<m>:THReshold:HYSTeresis on page 297

TRIGQENATIMEOULRANGE. .....cciiiiiiiitittcieieeeie e e e e e e e e e e eeeeee e e e e eeeeerateta b e e e e eeaaaaaaaans 316
TRIGGENATIMEOUL TIME. ...t e e e e e e e e e e e e e e e e e e eeeeeeeeeeaenen s ns 316

TRIGger:A:TIMeout:RANGe <Range>

Sets the relation of the signal level to the threshold.
Parameters:

<Range> HIGH | LOW | EITHer

HIGH
The signal level stays above the trigger level.

LOW
The signal level stays below the trigger level.

ElTHer
The signal level stays above or below the trigger level.

*RST: HIGH

TRIGger:A:TIMeout:TIME <Time>
Sets the time limit for the timeout at which the instrument triggers.

Parameters:
<Time> Range: 6.4e-9 to 13.7439
*RST: 10e-6

15.5.7 Serial Bus

Triggering on the decoded data of a protocol bus is available if at least one serial proto-
col option is installed. The serial bus must be configured correctly. For detailed infor-
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mation on serial protocols and their trigger conditions, see the chapter of the relevant
protocol.

15.6 Waveform Analysis

L 4o o] 1 o VRO SRTRR 317
L I V=Y { aT=T o g P (ot T 318
o  Reference WavefOrMS. ........uu i e e e e e e e eeanan 320
L I ST = Y= o o R 324
o History (Option R&S RTB-K15)....cuiiiiiiiei it e e e e e e 338

15.6.1 Zoom

TIMEDASE:ZOOM:STATE. ..cevuuueieeeieetiieeeee ettt eeeeeeeeetttaaeeeeseataaseeeeesstaasaeserstnnaeeaesesnnnnsaneeees 317
TIMEDASE:ZOOM:SCALE. ..c.uuuieeeeeeieeee e et e e e ettt e e e e e e eeataaeeeeseetaaaeeaesestanaeeeeressaneeaesenes 317
TIMEDASE:ZOOM:TIME. .. cuiiiiii ittt e et e e e e e e e e eae s sarnsarnrenenrenees 317
TIMebase:ZOOM:POSIION. .......ceeee ettt e e e e e e e e e e e e e e enaaeees 318
DISPIlay:CBAR:ZOOM[:POSIION]....ceeiieieeeeeeeeeieiennunaaaaaaaaesessseeeaeaeeeeeeeeeeeenaeesssnnnnnnnanaeens 318

TIMebase:ZOOM:STATe <ZoomState>
Switches the zoom on or off.

Parameters:
<ZoomState> ON | OFF

*RST: OFF

TIMebase:ZOOM:SCALe <ZoomScale>

Defines the horizontal scale for the zoom window in seconds per division, the timebase
of the zoom window. The scaling determines the width of the zoom area (12 divisions *
scaling per division).

Parameters:

<ZoomScale> Range: Depends on various settings
*RST: 50e-6
Default unit: s/div

TIMebase:ZOOM:TIME <Time>

Defines the distance of the trigger point to the reference point in the zoom window. The
value determines the position of the zoom area that is displayed in the zoom window.

Parameters:
<Time> *RST: 0
Default unit: s
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TIMebase:ZOOM:POSition <Position>

Defines the position of the zoom window in the upper window.

Parameters:
<Position> Range: Depends on the zoom time base, from nearly 0 to
100 % for large zoom.
*RST: 50

Default unit: %

DISPlay:CBAR:ZOOM[:POSition] <DividerPosition>
Defines the position of the divide bar between normal waveform and zoom window.

Parameters:
<DividerPosition> Vertical position in pixel, measured from the top edge. The verti-
cal display size is 800 px.

Default unit: px

15.6.2 Mathematics

To get the data of a math waveform, use the following commands:
® C(CAlLCulate:MATH<m>:DATA? on page 406

® CALCulate:MATH<m>:DATA:HEADer? on page 406

® (CALCulate:MATH<m>:DATA:POINts? on page 406

® CALCulate:MATH<m>:DATA:XORigin? on page 409

® CALCulate:MATH<m>:DATA:XINCrement? on page 410

® CALCulate:MATH<m>:DATA:YORigin? on page 410

® (CALCulate:MATH<m>:DATA:YINCrement? on page 411

® CALCulate:MATH<m>:DATA:YRESolution? on page 411

CALCUIAtE: MATHSMS ST AT ... e eee et et et e e et e e e ee e et e e e et e e eeaaeeeaneeeeaaeeennnnnns 318
CALCulate:MATH<m>[:EXPRESSION][:DEFINE].. .. uuaeiaieieeeeeeeeeeeeeeeeeeeeeeeeeeeeieeeeeeee s 319
CALCUIAte:MATHSMZILABEL. . .uueeieieeieeeeeeeeeeeeeeeeeeeeeeev et e e eeseeeeeeeaeaaaaseeeereeeeeesreranes 319
CALCUIate:MATHSM> LABEISTATE. .. cceeeeteeeeeeeeiteee e e et eetee e e e e e eetee e e e s eeataeeeeseasaaseeesesraas 320
CALCUIate:MATHSMS P OSIHION. . cuieeeieeiie et e e e e e e e e e e s e e eaeeneaenaenas 320
CALCUIAtE:MATHSMS IS C AL e ettt ettt e e e et e e e ea e eae s sarnrenensenees 320

CALCulate:MATH<m>:STATe <State>

Activates the mathematics function and displays the defined math waveforms.

Suffix:
<m> 1.5
Selects the math waveform.
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Parameters:
<State>

ON | OFF
*RST:

OFF

Remote Control Commands

CALCulate:MATH<m>[:EXPRession][:DEFine] <RemComplExpr>

Defines the equation to be calculated for the selected math waveform as a regular

expression.

Suffix:

<m> 1.5

Selects the math waveform.

Parameters:
<RemComplExpr>

String parameter, consisting of the mathematical operation and

the source(s), written in parenthesis. Optionally, the unit can be
included in the string. If no unit is given, the last setting is used.

Example: CALC:MATH<2>:EXPR:DEF "ADD (CH1,CH2)"
Same command with unit:
CALC:MATH<2>:EXPR:DEF "ADD (CH1,CH2)in V"
Delete the unit:

CALC:MATH<2>:EXPR:DEF "ADD (CH1,CH2)in"

Operation Expression string Comment

Addition "ADD(CH1,CH2) in V" "CH1+CH2" is also possible

Subtraction "SUB(CH1,CH2) in V" "CH1-CH2" is also possible

Multiplication "MUL(CH1,CH2)" "CH1*CH2" is also possible
Division "DIV(CH1,CH2)" "CH1/CH2" is also possible
Square "SQR(CH1)"

Square Root "SQRT(CH1)"

Absolute value "ABS(CH1)"

Reciprocal "REC(CH1)"

Inverse "INV(CH1)"

Common logarithm (basis 10) "LOG(CH1)"

Natural logarithm (basis €) "LN(CH1)"

Derivative "DERI(CH1)"

Integral "INT(CH1)"

FFT "FFTMAG(CH1)" FFT function of the source waveform

CALCulate:MATH<m>:LABel <Label>

Defines a label for the specified math waveform (equation), which is shown at the

waveform.
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Suffix:
<m> 1.5
Selects the math waveform.
Parameters:
<Label> String Data

String with label text

CALCulate:MATH<m>:LABel:STATe <LabelVisible>

Activates the diplay of the label that is defined with CAT.Culate:MATH<m>:TLABRel.

Suffix:
<m> 1.5
Selects the math waveform.
Parameters:
<LabelVisible> ON | OFF

CALCulate:MATH<m>:POSition <Position>

Sets the vertical position of the math waveform.

Suffix:
<m> 1.5
Selects the math waveform.
Parameters:
<Position> Position value, given in divisions.

CALCulate:MATH<m>:SCALe <Scale>

Sets the vertical scale of the math waveform.

Suffix:
<m> 1..5
Selects the math waveform.
Parameters:
<Scale> Scale value, given in Volts per division

15.6.3 Reference Waveforms

In all REFCurve:... commands, the suffix <m> selects the reference waveform.
To get the waveform data, use the following commands:

® REFCurve<m>:DATA? on page 407
® REFCurve<m>:DATA:HEADer? on page 407
® REFCurve<m>:DATA:XINCrement? on page 410

® REFCurve<m>:DATA:XORigin? on page 409
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® REFCurve<m>:DATA:YINCrement? on page 411
® REFCurve<m>:DATA:YORigin? on page 410

® REFCurve<m>:DATA:YRESolution? on page 411

REFCUNVESM>ISOURGE. .. .cceuiieiei et e et e et e et e e e eee e e e ea e e e et e e e eae e e eeaeeeeanseeennneenes 321
REFCUrVE<mM>:SOURCEICATAIOG?. . .ce et e eeeeeeeeeeeeeeeeeeeeeeeeeieteansaaaaaaaeaeeeeaaaaaaaaeeeseeeeennnnnnes 321
REF CUNVESM > STATE. ..cettuteiieeieetiee e e e ettt ee e e e e e et e e e e e e e eeta e eeeeeastaaeaessestanasaesesstnnseeerenrnnn 322
REFCUNVESM>IUPDAE. .. ..ciiiciiiiieeeeeeeeiee e ee e et e e e e ettt eeeeeeaate s e e e s eebaneeeesesstaneeeseesnnanns 322
REF CUINVESMS IS AVE . .. ittt ettt et et et et ea e ea e e e enesenesnrsernranrnranens 322
= oL OV V7T 1 4 bt I A I R 322
REF CUNVE M L O A D S T AT . e ettt ettt ettt e et e et e e e e e e e e ea e e eaerneanennen 323
REFCuUrve<m>:HORIZONtAI:POSIHION. .....cuniieeeeeeee et et e e e e e e e e e eanns 323
REFCUNVE<M>HORIZONAIISCALE. . .uieiieieieeeeeeeeeeeieeeeeeeeeeeraab b eeaeseseseeeeeaeaeeeeeeeeeeeeens 323
REFCUrve<m>:VERTICAI:POSIION. ......cuuuiiieiiiiiiiie e eeeeeie e e e et e e e et e e e e e e eane e e e e e ee s 323
REFCUVE<M>:VERTICAI:SCALE. ....cutueieeiietieeeeeeeeetee e e e e eeteee e e e e eete s e e e eeetaaaeeaeeerabaaeeaeees 324
REFCUNVESM> WO OLO ... .. ceeieetieeeeeeeeiteee e e e e et eeeeeeeeaae e e e e eeabaeeeeeeasaeseeeeeetaeeeeeesnnanns 324
REFCUNVESM>ILABEL. ... .ot eenns 324

REFCurve<m>:SOURce <Source>

Defines the source of the reference waveform.

Suffix:
<m> 1.4
Selects the reference waveform
Parameters:
<Source> CH1 | CH2 | CH3 | CH4 | MA1 | MA2 | MA3 | MA4 | MA5 | RE1 |

RE2 | RE3 | RE4 | D70 | D158 | SPEC | MINH | MAXH | AVER

CH1 | CH2 | CH3 | CH4 | MA1 | MA2 | MA3 | MA4 | MA5 | RE1 |
RE2 | RE3 | RE4

Any active channel, math, or reference waveform. CH3 and CH4
are only available with 4-channel R&S RTB2000 oscilloscopes.

D70 | D158
Logic probes, sources require MSO option R&S RTB-B1.

SPEC | MINH | MAXH | AVER
FFT waveforms: spectrum, min hold, max hold, average.

*RST: CH1

REFCurve<m>:SOURce:CATalog?

Returns the source waveform.

Suffix:
<m> 1.4
Selects the reference waveform.
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Parameters:
<Source Catalogue> CH1 | CH2 | CH3 | CH4 | QMA | RE1 | RE2 | RE3 | RE4 | D70 |
D158 | SPEC | MINH | MAXH | AVER

See REFCurve<m>:SOURce on page 321.

Usage: Query only

REFCurve<m>:STATe

Displays or hides the selected reference waveform.

Suffix:
<m> 1.4
Selects the reference waveform.
Parameters:
<State> ON | OFF

*RST: OFF

REFCurve<m>:UPDate

Updates the selected reference by the waveform defined with REFCurve<m>: SOURce.

Suffix:
<m> 1.4

Selects the reference waveform.
Usage: Event

REFCurve<m>:SAVE <Filename>
Stores the reference waveform in the specified file.

Suffix:
<m> 1.4
Selects the reference waveform.

Setting parameters:
<Filename> String with path and file name

Usage: Setting only

REFCurve<m>:LOAD <Filename>
Loads the waveform data from the indicated reference file to the reference waveform.

To load the correspondent instrument settings, use REFCurve<m>:LOAD: STATe

on page 323.
Suffix:
<m> 1.4
Selects the reference waveform.
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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 wave-
form data must be loaded before the settings, see REFCurve<m>:LOAD on page 322.

The settings are only available if the file was stored to the internal storage and never
written to a USB flash device.

Suffix:
<m> 1.4

Selects the reference waveform.
Usage: Event

REFCurve<m>:HORizontal:POSition <Position>

Changes the horizontal position of the reference waveform independently of the chan-
nel waveform settings.

Suffix:
<m> 1.4
Selects the reference waveform.
Parameters:
<Position> Default unit: s

REFCurve<m>:HORizontal:SCALe <Scale>

Changes the horizontal scale (timebase) of the reference waveform independently of
the channel waveform settings.

Suffix:
<m> 1.4
Selects the reference waveform.
Parameters:
<Scale> Default unit: s/div

REFCurve<m>:VERTical:POSition <Position>

Changes the vertical position of the reference waveform.

Suffix:
<m> 1.4
Selects the reference waveform.
Parameters:
<Position> Default unit: div
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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.
Parameters:
<Scale> Default unit: V/div

REFCurve<m>:WCOLor <WaveformColor>

Selects a color for the reference waveform. The default color is white. You can select
another monochrome color, or a color scale.

Suffix:
<m> 1.4

Selects the reference waveform.
Parameters:

<WaveformColor> YELLow | GREen | ORANge | BLUE | LBLUE | WHITE | CYAN |
PINK | RED | TEMPerature | RAINbow | FIRE | DEFault

*RST: DEF

REFCurve<m>:LABel <\WaveformLabel>

Defines a label for the indicated reference waveform.

Suffix:
<m> 1.4

Selects the reference waveform.
Parameters:

<WaveformLabel>  String parameter
String parameter

Example: REFCurve2:LABel "Origin"
Sets the label "Origin" for reference R2.

15.6.4 Search

o General Search SEetliNgS. .. .ccciiiiii i 325
o Edge Search Configuration...........ooi i 326
o Width Search Configuration............ccoiv oo 327
o Peak Search Configuration...........cceuei i 328
o Rise/Fall Time Search Configuration........c.ccoccieiiiiiiiiei e 329
e Runt Search Configuration..........ccccuuiiiiiiiiiie e 331
e Data2Clock Search Configuration...........ccceeeeeieiniiiii e 332
e Pattern Search Configuration............uueuicciiiiii e 334
®  SearCh RESUILS. ...t e e e e e e e 336
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15.6.4.1 General Search Settings

SEARCNISTATE...uuiiiiiiii e 325
SEARCH:ICONDItION.....iiiiiiiiii i 325
SEARCNISOURCE. ....uuiiiiiiiii e e 326

SEARCch:STATe <SearchState>

Enables and disables the search mode.

Parameters:

<SearchState> ON | OFF
*RST: OFF

Example: Chapter 15.2.3.1, "Searching for a Pulse of Specified Width",
on page 285

SEARch:CONDition <SearchCondition>

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 viola-
tion 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.
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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 sig-
nals, for example, a specified frame type, identifier, data, and
errors. Available search settings depend on the configured bus
type.

Protocol search is not available for bus types PARallel, 12C, SPI
(no CS), SPI (with CS), and UART.

*RST: EDGE

SEARch:SOURce <SearchSource>

Selects the waveform to be analyzed.

Parameters:
<SearchSource>

Example:

CH1 | CH2 | CH3 | CH4 | QMA | RE1 | RE2 | RE3 | RE4

Any active channel, math, or reference waveform can be
searched.

For protocol search on CAN and LIN signals, an active serial
bus is the search source.

*RST: CH1

Chapter 15.2.3.1, "Searching for a Pulse of Specified Width",
on page 285

Edge Search Configuration

SEARCh:TRIGGerEDGE:SLOPE........ooiiiiiiicciiri e, 326
SEARCh:TRIGGErEDGE:LEVEL.......ciiiiiii e, 326
SEARCh:TRIGgerEDGE:LEVEIDELTA......ciiiiiiiii e 327

SEARch:TRIGger:EDGE:SLOPe <Slope>

Sets the slope to be searched for.

Parameters:
<Slope>

POSitive | NEGative | EITHer
*RST: POS

SEARch:TRIGger:EDGE:LEVel <Level>

Sets the voltage level for the edge search.
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Parameters:
<Level> *RST: 05V

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
15.6.4.3 Width Search Configuration

SEARCh:TRIGGErWIDT:POLAIY.....cceviuieieeeiieiieeeeeeeiie e e eeeeete e e e e e e ere e e e e e eesa s e e e eeernnanss 327
SEARCN:TRIGENWIDTNILEVEL ...ccvutieiieeieetee ettt e e e ettt e e e e et e e e e e e eaaa e eeaeees 327
SEARCh:TRIGGer:WIDTh:LEVEl:DELTA. .. ...ttt e e e 327
SEARCh:TRIGGErWIDTh:RANGE. .. ettt ettt ettt e et et e e e e e e e e enaeees 328
SEARCh:TRIGGErWIDTh:WIDTR. ...ttt ettt e e e e e e e e e eaaas 328
SEARCh: TRIGGErWIDTH:DELTA.....eeteeieeeeeeeeeeeeee ettt e e e s e s e e e e e e e e aaeaeeeeeeeeeeeennanenens 328

SEARch:TRIGger:WIDTh:POLarity <Polarity>

Indicates the polarity of the pulse to be searched for.

Parameters:

<Polarity> POSitive | NEGative
*RST: POS

Example: Chapter 15.2.3.1, "Searching for a Pulse of Specified Width",
on page 285

SEARch:TRIGger:WIDTh:LEVel <Level>
Sets the voltage level on which the pulse width is measured.

Parameters:
<Level> *RST: 500 mV

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 mV
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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 + At.
OUTSide
Finds pulses outside the range width + At.
SHORter
Finds pulses shorter than the given width.
LONGer
Finds pulses longer than the given width.
*RST: WITH

Example: Chapter 15.2.3.1, "Searching for a Pulse of Specified Width",
on page 285

SEARch:TRIGger:WIDTh:WIDTh <Width>

Sets the reference pulse width, the nominal value for comparisons.

Parameters:
<Width> Default unit: s
Example: Chapter 15.2.3.1, "Searching for a Pulse of Specified Width",

on page 285

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 setto WITHin or OUTSide.

Parameters:
<DeltaWidth> Range: Lower limit depends on the resolution, practically no
upper limit
Example: Chapter 15.2.3.1, "Searching for a Pulse of Specified Width",
on page 285
15.6.4.4 Peak Search Configuration
SEARCHh:MEASUIE:PEAK:POLAIMY....cvvuviiritiriieieieieieeeeeeeeeeeeeeeeeeeereeessrsrsrnnneseseeaens 329
SEARCh:MEASUre:LEVel:PEAK:IMAGNITUAE. .....cceieeiiiiieeee it eeeeeerce e eeeerae e 329
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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

SEARch:MEASure:LEVel:PEAK:MAGNitude <Magnitude>
Sets the peak-to-peak limit. If the signal exceeds this limit, a search event is listed.

Parameters:
<Magnitude> Default unit: V

15.6.4.5 Rise/Fall Time Search Configuration

SEARCh:TRIGErRISEHMEISLOPE. ... .ciiiieieie e e e e e ettt ae e e e e e e e e e e aeaeeeeeeeeees 329
SEARCh:TRIGger:LEVEl:RISEtME:ILOWET.......coeieieeeieeeeeeeetiieee ettt e e et e e e e e eenb e eeeees 329
SEARCh:TRIGGer:LEVEl:RISEtMEIUPPEN........ciieiiieieie ettt et e et 329
SEARCh:TRIGQErRISEMEIRANGE. ......ciieeiietie et ettt e e e e et e e e e e e e e e eeaa s 330
SEARCh:TRIGErRISEHMEITIME . ......itiiiieee ettt a e e e 330
SEARCh:TRIGErRISEHMEIDELTA. . et iiieeeeeeeeeeeeeee ettt e e e e e e e e e e e e e e e eeeeeeeeeeeees 330

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

SEARch:TRIGger:LEVel:RISetime:LOWer <LowerlLevel>

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

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.

User Manual 1333.1611.02 — 08 329

839145 010-62176785 www . hyxyyq.com



R&S®RTB2000 Remote Control Commands

Parameters:
<UpperLevel> *RST: 600 mV
Default unit: V

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.

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

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

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 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
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15.6.4.6 Runt Search Configuration

SEARCH:TRIGGENRUNT:POLAIY...ctuuiiiiiiiiiiieeeeeeeetieeeeeeeeetee e e e e eeetee e e e s eesaaeeeeeeesnaaeaeeens 331
SEARCh:TRIGGEr:LEVEl:RUNT:LOWET ... .ottt ettt et e e e e 331
SEARCh:TRIGGErLEVELRUNT:UPPET. .. ...ttt e e 331
SEARCh:TRIGGERRUNT:RANGE. ... ittt ettt e e e e e e e 331
SEARCH: TRIGGEIrRUNTWID TR . ccieiiieiiieeeeaaeae e e e e e e e e e e e e e e e e e e e eeeeeeneeenennnene e e e e e e e e e e eeeaeas 332
SEARCH: TRIGGEIRUNT:DELTA. ... uuieaaeeeeeeeeeeeeeeeeeieeeeeeeeeeeeesessnnnnnsaaaaaeseeeeeasaaaaeeeseeeeennnns 332

SEARch:TRIGger:RUNT:POLarity <Polarity>
Indicates the polarity of a the runt to be searched for.

Parameters:
<Polarity> POSitive | NEGative | EITHer

*RST: POS

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> Range: Depends on vertical scale and LSB value.
*RST: 400 mV
Default unit: V

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> Range: Depends on vertical scale and LSB value.
*RST: 600 mV
Default unit: V

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.
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WITHin
Finds pulses inside the range width t+ At.

OUTSide
Finds pulses outside the range width + At.

*RST: LONG

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

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 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

15.6.4.7 Data2Clock Search Configuration

SEARCh:TRIGQer:DATAtOCIOCK:CSOUICE. .....ccevuueeeeeiiitieeeeeeetieee e e e eeetae e e e e eeetae e e e e eeaaaenns 332
SEARCch:TRIGQer:DATAtOCIOCK: CLEVEL.......cceeeeeeieeeeieieiiicceeeee e e s e e e e e e e e e e e e e e e eeeeeeeeeaaanennes 333
SEARCch:TRIGGer:DATAtOCIOCK:DLEVEL........ccciiiiiiiiiiieieiei e e e e e e e e e e e eeeeeeeeeaeeeees 333
SEARCch:TRIGger:DATatocloCk: CLEVEIDELTA. c.c.eututueaeaaaaae e e e e e e e eeeaeeeeeeeeeeeeeeeeeeeeeneneeeas 333
SEARCch:TRIGger:DATatoCloCK:DLEVEIDELTA. c...uuuutueuuaaaaaaaeeeeeeeeeaeeeeeeeeeeeeeeeeeneenenennnnnnns 333
SEARCh:TRIGQer:DATAtOCIOCK:CEDGE. ......cceeeeereririeinrnnnnaaaaeaeseeeeeasaaaaaaerereeeeeenensennnnnnnnan 333
SEARCh:TRIGQEr:DATAtOCIOCK:HTIME. ... iieeieiieeeeeeettee ettt e e e e e e e eena e 333
SEARCh:TRIGQEr:DATAtOCIOCK:STIME. ...cevtuieieeiieiiiieeeeeeeeteeieeeeeeetee e e e e eeeraeeeeseeabaseeesenrans 333

SEARch:TRIGger:DATatoclock:CSOurce <ClockSource>

Selects the input channel of the clock signal.

Parameters:
<ClockSource> CH1 | CH2 | CH3 | CH4
*RST: CH1
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SEARch:TRIGger:DATatoclock:CLEVel <ClockLevel>

Sets the voltage level for the clock signal. The crossing of clock level and clock edge
defines the start point for setup and hold time.

Parameters:
<ClockLevel> Range: Depends on vertical scale

SEARch:TRIGger:DATatoclock:DLEVel <DatalLevel>

Sets the voltage level for the data signal. The data lavel defines the threshold for data
transition.

Parameters:
<DatalLevel> Range: Depends on vertical scale

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.

Parameters:
<LevelDelta> Range: Lower limit depends on vertical scale and other set-
tings, no upper limit

SEARch:TRIGger:DATatoclock:CEDGe <ClockEdge>
Sets the edge of the clock signal to define the start point for the setup and hold time.

Parameters:
<ClockEdge> POSitive | NEGative | EITHer

*RST: POS

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

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.
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Parameters:
<SetupTime> Range: Depends on time base and sample interval

15.6.4.8 Pattern Search Configuration

SEARCh:TRIGGErPATTEMISOURCE. ...ceeiiiieeieiiieereeeeee et e e e e e e e e e e 334
SEARCh:TRIGGErPATTEMMIFUNCHON. .....uttiiiieiiieeeee e i e e e e e e e e 334
SEARCh:TRIGEr:PATTErN:LEVEISN>.......ccoii e e e e e e e e e e e e e e e eeeeeanenens 335
SEARCch:TRIGger:PATTern:LEVEI<N>:DELTA.......ccceeiriiereienennaaaaaaaaeeeeeeeeeeeaeaeseeeeeeeeeennnnees 335
SEARCch:TRIGGer:PATTErN:WIDTh:RANGE. ......uuuteuuceeaeeieie e e e e eeeeaeeeeeeeeeeeeeaeesnennnnnnnn s 335
SEARCcCh:TRIGger:PATTErn:WIDTHh[IWIDTN].. e iieeieiieeeeeeeetieeeeeeeeeee e e e e eevaee e e e e e eeaae e e e e eeenaas 336
SEARCch:TRIGger:PATTern:WIDTh:DELTA......cu ittt e e e e e 336

SEARch:TRIGger:PATTern:SOURce <Pattern>

Specifies the search pattern - the state for each channel. The state can be set only for
active channels.

Parameters:

<Pattern> String parameter
String containing 0, 1, X|x for each channel. The order of chan-
nels is fixed: CH1 CH2 [CH3 CH4] DO D1 D2 D3 ...

Example: CHAN1:STAT ON

CHAN2:STAT ON

CHAN3:STAT ON

CHAN4 : STAT ON

SEAR:STAT ON

SEAR:COND PATT
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) and can be off.

SEARch:TRIGger:PATTern:FUNCtion <Function>
Sets the logical combination of the channel states.

Parameters:
<Function> AND | OR | NAND | NOR

AND
The required states of all channels must appear in the input sig-
nal 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.
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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 the 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 threshold of the specified source channel to avoid
unwanted search results caused by noise oscillation around 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].
To set a range Af, use SEARch: TRIGger : PATTern:WIDTh:DELTa
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.
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*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

15.6.4.9 Search Results

SEARCH:RESUIEBCOUNT .. et e et et et e et e et ea e en e ra e eaenenenanns 336
SEARCh:RESDIagram:SHOW.......cccitiiiiiiiiiuiaaaae e e e e e e e e e e e e e e eeeeeeeeeeeaessbnsan e e e e e e as 336
] AN e T U L A N PN 337
SEARCNIRESUIKNS? ..ot et e e e e e e e e e e e e e etae e e en e e eeneeeeaan 337
STy el a0 O 1U T o 338
EXPOIrt:SEARCNINAME. ... ottt et e e e e e e e e e et e s s s e sasaeansansenseneesnrannen 338
EXPOM:SEARCNISAVE. ... ittt ettt e s et e e e e e e et s s e s st e e rnrenearenns 338

SEARch:RESult:BCOunt?
Returns the maximum number of search results, which the instrument can store.

Return values:
<BufferedCount> Maximum number of search results

Usage: Query only

SEARch:RESDiagram:SHOW <ResultShow>

Shows or hides the table of search results.

Parameters:
<ResultShow> ON | OFF
*RST: OFF
Example: Chapter 15.2.3.1, "Searching for a Pulse of Specified Width",
on page 285
User Manual 1333.1611.02 — 08 336

839145 010-62176785 www . hyxyyq.com



R&S®RTB2000 Remote Control Commands

SEARCcCh: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 15.2.3.1, "Searching for a Pulse of Specified Width",
on page 285
Usage: Query only

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
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SEARch:RCOunt?
Returns the number of search results.

Return values:

<ResultCount> *RST: 0

Example: Chapter 15.2.3.1, "Searching for a Pulse of Specified Width",
on page 285

Usage: Query only

EXPort:SEARch:NAME <FileName>

Defines the path and filename for search results that will be saved with ExPort :
SEARch : SAVE. The file format is CSV, the filename is incremented automatically.

You can change the file name manually in the [Search] > "Save" dialog. Remote con-
trol uses the recent settings.

Parameters:
<FileName> String parameter
Example: EXPort:SEARch:NAME "/USB FRONT/SEARCH/RESULT"

On first save, the search results are saved to RESULT.CSV, on
second save to RESULTO01 .CSV, the third to RESULT02.CSV ...

EXPort:SEARch:SAVE
Saves the search results to the path and file defined by ExPort : SEARch : NAME.

Usage: Setting only

15.6.5 History (Option R&S RTB-K15)

®  HIiStOry SetliNgS...ccii i 338
o Displaying HisStory Segments..........couiiiiiiiiii e 341
L I T U= = 0 0 o 1 SRR 344
o  EXport of HiStOry Data........uecieeie it 348

15.6.5.1 History Settings

ACQuire:MEMory[:MODE] <MemoryMode>

Defines how the record length is set.

Parameters:
<MemoryMode> AUTomatic | DMEMory | MANual
AUTomatic
Automatically by the instrument
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DMEMory
Predefined values are set with ACQuire:POINts [ :VALue]

MANual

User-defined value is set with ACQuire: POINts [:VALue].
The number of available history segments is adjusted automati-
cally.

*RST: AUT

ACQuire:POINts:AUTomatic <AutoRecordLength>

Enables or disables the automatic record length. The instrument sets a value that fits
to the selected timebase.

If you set a specific value with ACQuire:POINts [:VALue], the automatic assign-
ment of a record length is turned off.

Parameters:
<AutoRecordLength> ON | OFF

Example: ACQ:POIN:AUT ON
TIM:SCAL le-9
ACQ:POIN?; : SYST:ERR:ALL?
-> received 10000;0,"No error"
TIM:SCAL 5e-3
ACQ:POIN?; : SYST:ERR:ALL?

-> received 20000000;0,"No error"

ACQuire:POINts[:VALue]
Defines a record length value, the number of recorded waveform points in a segment.
The command turns ACQuire: POINts:AUTomatic OFF.

If ACQuire:POINts:AUTomatic is turned ON, the query ACQuire:POINts? returns
the automatically set record length.

Each predefined record length corresponds to a maximum number of history seg-
ments, which are stored in the instrument's memory. If option R&S RTB-K15 is instal-
led, you can display the history segments.

Available record length values are:

® 10 kSa (13107 history segments)

® 20 kSa (13107 history segments)

® 50 kSa (3276 history segments)

® 100 kSa (2621 history segments)

® 200 kSa (1456 history segments)

® 500 kSa (319 history segments)

® 1 MSa (319 history segments)

® 2 MSa (159 history segments)
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® 5 MSa (40 history segments)

® 10 MSa (32 history segments)

® 20 MSa (16 history segments)

Parameters:

<RecordLength> Record length in Samples.

If the entered value differs from the predefined values, the
instrument sets the closest value.

ACQuire:NSINgle:COUNt <NSingleCount>

Sets the number of waveforms acquired with RUNSingle.

Parameters:
<NSingleCount> Number of waveforms.
Range: 1 to maximum number that depends on the record
length.
*RST: 1

ACQuire:AVAilable?

Returns the number of segments that are currently saved in the memory. This number
is available for history viewing.

Parameters:
<Acquisitions> Number of captured segments
Usage: Query only

ACQuire:SEGMented:STATe <State>

If ON, the acquisitions are performed as fast as possible, without processing and dis-
playing the waveforms. When acquisition has been stopped, the data is processed and
the latest waveform is displayed. Older waveforms are stored in segments. You can
display and analyze the segments using the history..

Parameters:
<State> ON | OFF

ACQuire:AVERage:CURRent?

Returns the current amount of acquired waveforms that contribute to the average. The
value is independent of the number of available segments, there are more waveforms
in the average available than segments in history.

Parameters:
<CurrentAverages> Range: Minimum is 2; maximum depends on the instrument
settings.
Usage: Query only
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Waveform Analysis

15.6.5.2 Displaying History Segments

The commands in this chapter use numeric suffixes:
® CHANnel<m>: Selects the analog input channel.
® DIGital<m>: Selects the logic channel, range 0..15
® [ OGic<p>: Selects the logic pod, range 1..2
® BUS<b>: Selects the bus, range 1..4
CALCulate:MATH<m>:HISTory:CONTIOEENABIE]........ccceieiiiieieeeeeeeteteeee e e e e e e 342
BUS<b>:HISTOry:CONTIOEENABIE]........ceeieeeeeeeeereriititateeeeaeieseeeeeeeaeaaeeesereseeeeesessrssraranes 342
DIGital<m>:HISTOry:CONTIOLENABIE]....uueeeeeitiee e e et eeetee e e e e ettt e e e e e eete e e e e e eearae e e e e eernaaanns 342
LOGIic<p>:HISTOry:CONTIOLEENABIE]. ... it teieeiiie e e eeetties e e e eeteee e e e e eers e e e e e eaae e e e e eenaaa s 342
CHANnNel<m>:HISTory:CONTIOL[ENABIE]L. .. .cueeeeei ettt e 342
CALCulate:MATH<m>:HISTOry:CURRENL.......cceieieieieieeiieieeieieeee e e e e e e e e e e e e e e eeeeeeeneees 342
BUS<Db>HISTOry:CURRENL. ... ettt ettt et e e e e e e e e e e e e e eneean 342
DIGItal<mM>:HISTOrY:CURREN . ... ttttceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeevese e eeeeseseeeaeaeaasaseseereeeees 342
LOGICKP>:HISTOIY:CURREN . 1.t ttteteeieieieieeieeeeeeeeeeeeeeeeeeeeeserebababba e aeseseeeeeaeaaseseseesereees 342
SPECHUM:HISTOrY:CURREN .. .ttttticieeee i e e e e e e e e e ee e e eeeeee e eeee et ssse s e e e eeaeaaeaseeeeeeneneens 342
CHANRNEI<KM>:HISTOrY:CURRENL. ...ttt a e e e e e e e e e e e eeeeeeeees 342
CALCulate:MATH<M>HISTOrY:PALL. ...ttt ee e 342
BUSSKD>IHISTONY:PALL. ...ttt ettt ettt et e et e et e e e e e e e e e e e e eeans 342
DIGIAISM>THISTONY:PALL....cciieiieeee ettt e e s e s e e e e e eeaaaaaeeeeeeeeeeeesesssessasannnnnan 342
LOGICKP>HISTONYIPALL....cceeeeieieeeeeeeeeteitttt e e e e e e e e e e e e eeaeeeeeeeeeeeeresssabababba s aaeeeseaeeas 342
SPECHUMIHISTONY:PALL. c.tuuiiieeeeitee et e et e e e et e e e e e e e et s e e e eeebaaaeeaeseesbaneeeeeeenen 342
CHANRNEISM>HISTONYIPALL.....ceeeieiieeeeeeeeeeee et re s e e e e e e e e e e e e e e e e e e e e e e e e eeeeeesenrnnnnanaaaans 342
CALCulate:MATH<M>:HISTOry:STARL. ...t et e e 343
BUSSD> HISTONY: START. .. ettt ettt e e e e et e e e e e e e e e ea e enas 343
DIGIHal<KM> HISTOrY:START. .. ettt e e e e e s e e e e e e e eaa s 343
LOGICKP>HISTONY:STARL. .t et e e e eeeee ettt e e e e e e e e e e eeaaaaaeeeeeeeeeeeeeesesesrasasnnnnan 343
SPECHUMIHISTONY:STARI .t eeeeeee i et et eeee e e et e e e et eeee et eeere it eaeseseseeeeeaeaaaeseseeeereesnssnreres 343
CHANNEISM> HISTONY:STARL. ...ttt ettt e et e e e e ettt e e e e e ettt e e e e e e eesaeeeeeesesannsaaeeees 343
CALCuUlate:MATHSM>HISTONY:STOP.....uuuue et ee ettt e e 343
BUSSKD>IHISTONY:STOP. ...ttt ettt et e et et e e e et e e e e ea e e e e e e e enaaeannas 343
DIGIHal<KM> I HISTOIY:STOP .. ..t e e e e e e e e e e e e ea e eeas 343
LOGICKP>HISTONY:STOP....cceeieitieeiutuaaaaaaaae e e e e e e aeaeaeeeeeeeeeaeaneanenennnnaaaaaanaeeeeeaaaaaaaaaeeeeee 343
SPECHUMIHISTONY:STOP......ciiieeeeeeeeetet et ee e e et e e e e e e e eeaeaeeeeeeeeeereeessbe bbb eseeesanas 343
CHANRNEISM>HISTONY:STOP....ceeitetitetiititteeeieieieeeeeeeaeeeeeee et ereeererersrs b e seseseeaaeens 343
CALCulate:MATH<m>:HISTOry:PLAYEr:SPEEM.......cccvuverririeniiiciiieieieeeeeeeeeeeeeeeeeeeeeseennennns 343
BUS<D>HISTOrY:PLAYEISPEE. ...cuettiteaaaae e e ettt e e e e e e e e e e 343
DIGital<m>:HISTOry:PLAYEISPEEG. ......cceieieeeeiieieieiei e e e e e e e e e e e e e e e e eeeeeeeeeeaenennaeas 343
LOGIic<p>:HISTOry:PLAYEISPEEM. ... eieeieiieieieiiiteeee e e e e e e e e e e e e e e et e s 343
SPECHtUM:HISTOry:PLAYERSPEEG. .......cceieeeeeeeeeeeieite e e e s e s e e e e e e eeeeeeeeeeeeeeeeesesssrasanannnas 343
CHANRNEI<M>:HISTOry:PLAYEIHSPEEG. ........cceeeeeeeeeeeeeveretitieesee e e e s e s eeeeeeeaeaeeeseereseeesesenes 343
CALCulate:MATH<M>:HISTOrY:REPLAY......ccvvtueeieeiiiiiiieeeeeeetee e eeeee et eeeeeaa e 343
BUS<D>HISTOINY:REPLAY......ccciiiieieieeeeieieienceeeese s e s e e e e e eaaaaeaeeeeeeeaeeesseretnsannnn i aaeseeeeas 343
DIGital<m>:HISTOrY:REPLAY. ...ttt ettt e e e e e e e e ea e eanas 343
LOGICKP>:HISTOrY:REPLAY.......iiaieie e ee e e ettt a e e e e e e e e e e e e e aeaaeeeeeeeeeeeees 344
SPECHUMIHISTOrY:REPLAY......ueaieeeeee e e e eee e e ettt s seae e e e e e e e e aaaeaeeeeeeeeeennenees 344
CHANRNEISM>HISTOMY:REPLAY....cciiiiiiieieeeeeeeeeeeeeeeeeeete e e e e s e e e e e eeeeeeeeeeeeeeeeeesessssaranes 344
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CALCulate:MATH<M>:HISTOry:PLAYErSTATE. ...ttt e e 344
BUS D> HISTOry : PLAY I STATE. .ttt ettt et e et e et e e e e e eaas 344
DIGItal<KmM>:HISTOrY:PLAYEISTATE c.ceeeteieieeenaaaaaaaae e e e e e eeeeaaeaeeeeeeeeeeeeeeensnnnnnnnaaaaaaeaeeeeeeas 344
LOGICSP>:HISTOrY: PLAYEISTATE et it ittt ettt e e e et e e e e e e e e s e e ereeeeeeeeeaaaan 344
SPECHUM:HISTOIY: PLAYEISTATE. .. ceeeeteeeeeeeetetee e e ettt e e e e e e eetae s e e s eestaaeeeesesstaseeeeeerananss 344
CHANNEISM > HISTOrY P LAY S TATE .ottt e e e eeeetee i eeeeettie e e e e e et e e e e e eeet e e e eeeeabaeeaesersanannns 344

CALCulate:MATH<m>:HISTory:CONTrol:ENABIe] <PlayerControlEnable>
BUS<b>:HISTory:CONTrol:ENABIe] <PlayerControlEnable>
DIGital<m>:HISTory:CONTrol:ENABIe] <PlayerControlEnable>
LOGic<p>:HISTory:CONTrol:ENABIe] <PlayerControlEnable>
CHANnNel<m>:HISTory:CONTrol:[ENABIe] <PlayerControl>

Displays or hides the history player on the screen.

Parameters:
<PlayerControl> ON | OFF

*RST: OFF

CALCulate:MATH<m>:HISTory:CURRent <CurrentAcquisition>
BUS<b>:HISTory:CURRent <CurrentAcquisition>
DIGital<m>:HISTory:CURRent <CurrentAcquisition>
LOGic<p>:HISTory:CURRent <CurrentAcquisition>
SPECtrum:HISTory:CURRent <CurrentAcquisition>
CHANnel<m>:HISTory:CURRent <CurrentAcquisition>

Accesses a particular history segment in the memory to display it. The query returns
the index of the segment that is shown.

Parameters:

<CurrentAcquisition> Segment index. There are two ways to enter the index.
Negative index count: the newest segment has the index "0",
older segments have a negative index: -(n-1), .... -1, 0
Positive index count: the oldest segment has the index 1, and
the newest segment has the index n: 1, 2,..., n
where n is the number of acquired segments.

CALCulate:MATH<m>:HISTory:PALL <PlayAll>
BUS<b>:HISTory:PALL <PlayAll>
DIGital<m>:HISTory:PALL <PlayAll>
LOGic<p>:HISTory:PALL <PlayAll>
SPECtrum:HISTory:PALL <PlayAll>
CHANnel<m>:HISTory:PALL <PlayAll>

Enables the replay of all acquired segments.
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Parameters:
<PlayAll> ON | OFF

If set to OFF, define the range of segments to be shown using
CHANnel<m>:HISTory:STARt and CHANnel<m>:HISTory:
STOP

*RST: ON

CALCulate:MATH<m>:HISTory:STARt <StartAcquisition>
BUS<b>:HISTory:STARt <StartAcquisition>
DIGital<m>:HISTory:STARt <StartAcquisition>
LOGic<p>:HISTory:STARt <StartAcquisition>
SPECtrum:HISTory:STARt <StartAcquisition>
CHANnNel<m>:HISTory:STARt <StartAcquisition>

Sets the index of the oldest segment to be displayed.

Parameters:
<StartAcquisition> Start index. You can enter a positive or negative index, see
CHANnel<m>:HISTory:CURRent .

CALCulate:MATH<m>:HISTory:STOP <StopAcquisition>
BUS<b>:HISTory:STOP <StopAcquisition>
DIGital<m>:HISTory:STOP <StopAcquisition>
LOGic<p>:HISTory:STOP <StopAcquisition>
SPECtrum:HISTory:STOP <StopAcquisition>
CHANnel<m>:HISTory:STOP <StopAcquisition>

Sets the index of the latest segment to be displayed.

Parameters:
<StopAcquisition> Stop index. You can enter a positive or negative index, see
CHANnel<m>:HISTory:CURRent

CALCulate:MATH<m>:HISTory:PLAYer:SPEed <PlayerSpeed>
BUS<b>:HISTory:PLAYer:SPEed <PlayerSpeed>
DIGital<m>:HISTory:PLAYer:SPEed <PlayerSpeed>
LOGic<p>:HISTory:PLAYer:SPEed <PlayerSpeed>
SPECtrum:HISTory:PLAYer:SPEed <PlayerSpeed>
CHANnel<m>:HISTory:PLAYer:SPEed <PlayerSpeed>

Sets the speed of the history replay.

Parameters:

<PlayerSpeed> SLOW | MEDium | FAST | AUTO
*RST: AUTO

CALCulate:MATH<m>:HISTory:REPLay <Replay>
BUS<b>:HISTory:REPLay <Replay>
DIGital<m>:HISTory:REPLay <Replay>
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LOGic<p>:HISTory:REPLay <Replay>
SPECtrum:HISTory:REPLay <Replay>
CHANnel<m>:HISTory:REPLay <Replay>

If set to ON, the replay of the selected history segments repeats automatically.
Parameters:
<Replay> ON | OFF

*RST: STOP

CALCulate:MATH<m>:HISTory:PLAYer:STATe <PlayerState>
BUS<b>:HISTory:PLAYer:STATe <PlayerState>
DIGital<m>:HISTory:PLAYer:STATe <PlayerState>
LOGic<p>:HISTory:PLAYer:STATe <PlayerState>
SPECtrum:HISTory:PLAYer:STATe <PlayerState>
CHANnel<m>:HISTory:PLAYer:STATe <PlayerState>

Starts and stops the replay of the history segments.

Parameters:
<PlayerState> RUN | STOP

*RST: STOP

15.6.5.3 Timestamps

You can query the timestamps of history segments in two ways:

® Query for the timestamps of all history segments using . .. :HISTory:...:ALL
commands.
® Query for the timestamp of a specific segment using . .. :HISTory:... com-

mands. Select the segment of interest using CHANnel<m>:HISTory:CURRent
appropriate command.

The commands in this chapter use numeric suffixes:

® CHANnel<m>: Selects the analog input channel.

® DIGital<m>: Selects the logic channel, range 0..15

® [ OGic<p>: Selects the logic pod, range 1..2

® BUS<b>: Selects the bus, range 1..4

CALCulate:MATH<m>:HISTory: TTABIE[:ENABIE]. ... 345
BUS<b>:HISTory: TTABIE[:ENABIE]. . ...c.uieeeeeiee ettt e e 345
DIGital<m>:HISTory: TTABIE[:ENABIE].......ccieeeeeeeeeieieiiiieeeaaae e e e e e e e e e e e e eeeeeeeeeeenaenenennnnnnas 345
LOGic<p>:HISTory: TTABIE[:ENABIE].....ceeeeteteiiieieeiiee ettt eeeeeie e e eees 345
CHANNel<m>:HISTory: TTABIE[:ENABIE].....cuuuiieeeeeeetiieeeeeeetiee e e e et s e e e eeeraee e e e e eeabaaeeaeees 345
CALCulate:MATH<mM>:HISTOry:TSREIAtVE?......ccevvreieeeiieiiieeee ettt ee e e eeseere e e e eeeees 345
BUS<b>:HISTOry: TSREIAtVE?. ..ttt e e e eeas 345
DIGital<m>:HISTOry: TSREIAtIVE?.....ee ettt e e e e e e e e e e e e e e e e e e eee s 345
LOGIc<p>:HISTOry: TSREIAtIVE?.....eeeee e e e e e e e e e e e e e e e e e e e e e e e e eeeeeneneenennnnenn 345
SPECHUM:HISTOrY: TSREIAtIVE?.....eeeei ettt e e e e e e e e e e e e e e e e e e eeeeeeeeeenennnae s 346
CHANRNEI<KM>:HISTOry:TSREIALVE?........ceeeeeieeeereriiiititreeeeae e e e e eeeeeeeeeeeeeseseeeeeeerssssreraaana, 346
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CALCulate:MATH<m>:HISTory: TSRelative:ALL?... ... et 346
BUS<b>:HISTory: TSREIAtiVEIALL?.. ...ttt ettt e e e e e e e eeas 346
DIGital<m>:HISTOry: TSREIAtiVEIALL?. ...t e e 346
LOGIic<p>:HISTOry: TSREIAtVEIALL?....eeeeeeeeeeeeieteeieieteeeeessse e e e e e e e e e e aeeeeeeeeeeeeeeeeeneenennnnnnnnnn 346
SPECtUM:HISTOry: TSREIAtIVEIALL?.....ceeeeetei et e ettt e e e e ettt e e e e s et e e e e e e eaaaeeeeeeees 346
CHANNEI<M>:HISTOry:TSREIAtiVEIALL?....cvuveeiieeeieteeeeeeeeetee e e e eeetee e e e e eerae e e e eeeeesaeseeaeens 346
CALCulate:MATH<m>:HISTOry: TSABSOIUE?......cceeerririririiiiiieiaieieeeeeeeeeeeeeeeeeeeeeeesessnnnnana, 346
BUS<b>:HISTOry: TSABSOIULE?. ...ttt ettt e e e e e e e e e 346
DIGital<m>:HISTOry: TSABSOIULE?. ... e eeeeeeeee ettt e e e e e e e e e e e e e e e e eeeeeeeenenenens 346
LOGIC<p>:HISTOry: TSABSOIULE?.. et e e e e e e e eeeeee ettt s s e e e e e e e e e e e e e e eeeeeeeeeenennenees 346
SPECHUM:HISTOrY: TSABSOIULE?. . .ciieieieeeeeeeeeeeeeeeeeeeeeveav et seeeeseseeeeeaeaaaeeeseeseeeeeessnreres 346
CHANNEISKM > HISTOrY: TSABSOIUIE?. ... i eeeeeetieeeeeeeetteeeeeeeettee e e e e e eebe e e e e eeesaaeeeeserannaaeeaes 346
CALCulate:MATH<m>:HISTory: TSABSOIUtE:ALL?.....ceeeeeeeeieieieieiiceceeee e e e e e e e e e eeeeeeeeeeeeeens 347
BUS<b>:HISTOry: TSABSOIUE:ALL?. ...ttt ettt e e e e e e e eeas 347
DIGital<m>:HISTory: TSABSOIUtEIALL?. ...ttt 347
LOGic<p>:HISTory: TSABSOIUEIALL?.....ceeeee ettt e e e e e e e e e e e e e e e e e e ee e e e eeeenenennnns 347
SPECtrumM:HISTOry: TSABSOIULEIALL?.....cceeeeeeeeeee ettt se e e e e e e e e e e e e e e e eeeeeeeeeenenennes 347
CHANNel<m>:HISTory: TSABSOIUtE:ALL?.....cvueeieeeeeetee et e et e e e e e e s e e e e 347
CALCulate:MATH<M>:HISTOrY:TSDAE?.....cccevurueeeeeieeiiiieeeeeetee e e e et e e e e e e enre e e e e e eeranns 347
BUSSD> HISTOIY:TSDAtE?.. i e i e e e e eee e ettt e s e s e e e e e e e e e e e e e e e e e eeeeeesessnrnrnnnnanes 347
DIGItal<mM>:HISTOrY: TSDAE?...ceeeeeeiereteteuteeaaa e e e e e e e e e e e e e e eeeeeeeeeeeeeeessbnsana e e e e e e e e aaaaas 347
LOGICKP>HISTONY: TSDAE 2. cceettteeeaaaaae e e e e e e e e e e e e e e e e ee et eeieeeeantna e e e e e e e e e e eeaeeaaaeeeeeenenaes 347
SPECHUMIHISTOrY: TSDAE 7. . eeeeeeeieieietnnn e aeaaaaaae e e e e e eeeeeaeeeeeeeeeeeeeeeeeetnsnnnnnaaaaaaaaeeeeeeaaaens 347
CHANRNEISM>HISTOrY: TSDAE 2. c.eevttveitieeeaaaaeie e e e e e e eeeeeeeeeeeeeeeeeeeeeenresnnnaaa s s e e e e eeeeeaaaaaeees 347
CALCulate:MATH<mM>:HISTOry:TSDat@:ALL?.....uuueieeeeeeiiieeeeeeeeeiee e ee et e e e e e eere e e e eeeaanees 347
BUS<b>HISTOrY: TSDAtE:ALL?. ... e e e e e ee ettt e s e s e e e e e e e aaeeaeeeeeeeeeeesansnrnnes 347
DIGItal<m>:HISTOry: TSDAtEIALL?.cceevetiiiitiiiciieieie e e e e e e eeee e e e e eeeeeeeeeeeee e e e e e e e e e eaaaaaas 347
LOGIC<P>:HISTOry: TSDAt@IALL?. ... e e ettt e e e e e e e e e aaaea e 347
SPECHUM:HISTOrY: TSDAt@IALL?. .. e e e e e e e e e e e e e e e ettt e e e e e e e e e e e e eeeaas 347
CHANNEISKM>:HISTOrY: TSDAtEIALL?. . eteteeieeeeeeee e e e e e e e e e e e e e e e e eeeeee e eeeeeenenn e an e e e e e e e eaeaeas 347

CALCulate:MATH<m>:HISTory:TTABle[:ENABIe] <TimeTableEnable>
BUS<b>:HISTory:TTABIle[:ENABIe] <TimeTableEnable>
DIGital<m>:HISTory:TTABIle[:ENABIe] <TimeTableEnable>
LOGic<p>:HISTory:TTABIle[:ENABIe] <TimeTableEnable>
CHANnel<m>:HISTory:TTABIle[:ENABIe] <TimeTableEnable>

Displays or hides the segment table on the screen.

Parameters:
<TimeTableEnable> ON | OFF

*RST: OFF

CALCulate:MATH<m>:HISTory:TSRelative?
BUS<b>:HISTory:TSRelative?
DIGital<m>:HISTory:TSRelative?
LOGic<p>:HISTory:TSRelative?
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SPECtrum:HISTory:TSRelative?
CHANnel<m>:HISTory:TSRelative?

Returns the time difference of the selected segment to the newest segment. To select
a segment, use CHANnel<m>:HISTory:CURRent.

Return values:
<TimeToNewestAcq> Time to newest acquisition

Example: CHAN:HIST:CURR -5
CHAN:HIST:TSR?
--> -1.138757760000E-02
Returns the relative time of the sixth segment. The newest seg-
ment has index 0.

Usage: Query only

CALCulate:MATH<m>:HISTory:TSRelative:ALL?
BUS<b>:HISTory:TSRelative:ALL?
DIGital<m>:HISTory:TSRelative:ALL?
LOGic<p>:HISTory:TSRelative:ALL?
SPECtrum:HISTory:TSRelative:ALL?
CHANnel<m>:HISTory:TSRelative:ALL?

Returns the time differences to the newest acquisition of all history segments.

Return values:
<TimeToNewestAcq> List of Values

The list starts with the oldest segment, and the newest segment
is the last one.

Example: CHANnel2:HISTory:TSRelative:ALL?
--> -4.184565632000E-01,-4.094896352000E-01,-4.005227104000E-01,
-3.915557824000E-01, ...,-8.966924800000E-03,-0.000000000000E+00
Usage: Query only

CALCulate:MATH<m>:HISTory:TSABsolute?
BUS<b>:HISTory:TSABsolute?
DIGital<m>:HISTory:TSABsolute?
LOGic<p>:HISTory:TSABsolute?
SPECtrum:HISTory:TSABsolute?
CHANnNel<m>:HISTory:TSABsolute?

Returns the absolute daytime of the selected acquisition (CHANnel<m>:HISTory:
CURRent).

Return values:
<Hour>, <Minute>,  Comma-separated list

<Seconds>
Example: CHAN:HIST:CURR -1
CHAN:HIST:TSAB?
--> 16,24,3.302100000000E+01
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Usage: Query only

CALCulate:MATH<m>:HISTory:TSABsolute:ALL?
BUS<b>:HISTory:TSABsolute:ALL?
DIGital<m>:HISTory:TSABsolute:ALL?
LOGic<p>:HISTory:TSABsolute:ALL?
SPECtrum:HISTory:TSABsolute:ALL?
CHANnel<m>:HISTory:TSABsolute:ALL?

Returns the absolute daytimes of all history segments.

Return values:
<Hour>, <Minute>,  Comma-separated list of hour, minute, and second values.

<Second>

Exarnple: CHANnel2:HISTory:TSABsolute:ALL?
--> 14,59,4.558154343680E+01,14,59,4.559051036480E+01,
14,59,4.559947728960E+01, . . .

Usage: Query only

CALCulate:MATH<m>:HISTory:TSDate?
BUS<b>:HISTory:TSDate?
DIGital<m>:HISTory:TSDate?
LOGic<p>:HISTory:TSDate?
SPECtrum:HISTory:TSDate?
CHANnel<m>:HISTory:TSDate?

Returns the date of the selected acquisition (CHANnel<m>:HISTory:CURRent).

Return values:

<Year>, <Month>, Comma-separated list

<Day>

Example: CHAN:HIST:CURR -5
CHAN:HIST:TSD?
--> 2014,7,1

Usage: Query only

CALCulate:MATH<m>:HISTory:TSDate:ALL?
BUS<b>:HISTory:TSDate:ALL?
DIGital<m>:HISTory:TSDate:ALL?
LOGic<p>:HISTory:TSDate:ALL?
SPECtrum:HISTory:TSDate:ALL?
CHANnel<m>:HISTory:TSDate:ALL?

Returns the dates of all history segments.
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Return values:
<Year>, <Month>, Comma-separated list of year, month, and day values.

<Day> The list starts with the oldest segment, and the newest segment
is the last one.

Example: CHANnel2:HISTory:TSDate:ALL?
--> 2014,11,26,2014,11,26,2014,11,26,2014,11,26, ...

Usage: Query only
15.6.5.4 Export of History Data

The commands in this chapter use numeric suffixes:
® CHANnel<m>: Selects the analog input channel.

DIGital<m>: Selects the logic channel, range 0..15
® | OGic<p>: Selects the logic pod, range 1..2
® BUS<b>: Selects the bus, range 1..4

BPLOEEXPOIINAME. ... ittt e e e e e e e s s e e e e e e e e e e s s s sann e e e e e e e eaeeseesannnnnrenereneeaaaeas 348
BUS<b>:HISTOry:EXPOMNAME. ......coiiiiiiiii et e ettt e e e e et e e e e e et e e e e e e anba e e e e eeaanas 348
DIGital<m>:HISTOry:EXPOrtNAME. ... e 348
SPECtrUM:HISTOry:EXPOME:NAME. ....uiieieie e e e e e e eeeee ettt sese e e e e e e e e aaaaeeeeeeeeeeeens 348
CHANnRel<m>:HISTory:EXPOrt:NAME. .......coiiiiiiei et e e e e e e e e e e e e e e eeeeeeeeeeees 348
L o N I = 1= N N 348
BPLOEEXPOIMSAVE . ... .ottt ettt e e e e e et e e e e e et e e e e e e aata e eeeeeasaaaeeesensnnnaaaees 348
BUS<b>:HISTOrY:EXPOIM:SAVE. ... ..o i ettt et e e e e ettt e e e e e et e e e e e eera s e e e e e ernaanns 348
DIGital<m>:HISTOry:EXPOI:SAVE. ......uuiiiiieeeeteeeeeeeetiee e e eeeetee e e e e e e ea e e e e e e ee e e e e e eanbaenas 348
SPECHUM:HISTOrY:EXPOME:SAVE. .. it i i e i e e e e e eeee ettt s e se s e e e e e aaaaaaeaeeeeeeeeeesessnnes 348
CHANNEl<M>:HISTOry:EXPOrt:SAVE. ......coiiiiiiieieieee ettt e e e e e e e e e e e e eeeeeees 349
EXPOItATABIEISAVE. ... ettt et e et e et e e e e e e e e et e e e e e e eanennaenns 349
BPLot:EXPort:NAME

BUS<b>:HISTory:EXPort:NAME <ExportPath>
DIGital<m>:HISTory:EXPort:NAME <ExportPath>
SPECtrum:HISTory:EXPort:NAME <ExportPath>
CHANnel<m>:HISTory:EXPort:NAME <ExportPath>
EXPort:ATABle:NAME <ExportPath>

Parameters:

<ExportPath> String parameter

Example: EXPort:ATABle:NAME "/USB_FRONT/EXPORT/TIMES"
BPLot:EXPort:SAVE

BUS<b>:HISTory:EXPort:SAVE
DIGital<m>:HISTory:EXPort:SAVE
SPECtrum:HISTory:EXPort:SAVE
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CHANnel<m>:HISTory:EXPort:SAVE
EXPort:ATABle:SAVE

Saves the acquisition timestamps table to the file that is defined by the ExPort :
ATABle:NAME command.

Example: EXPort:ATABle:SAVE

The file contains the following timestamp values:

nn , llDate" , llTime"
"Start of Acquisition","2014-11-24","14:35:59"
"Last Acquisition","2014-11-24","14:36:01"

"Acquisitions","150"

"Number", "Relative Time","Time to previous",
"Date","Time", "Trigger"
"0","-0.000000000000000E+00","1.009638400000000E-02",
"2014-11-24","14:36:01","0.0000000000E+00", Trg'd
"-1","-1.009638400000000E-02","2.000568800000000E-02",
"2014-11-24","14:36:00","9.8990361600E-01", Trg'd
"-2","-3.010207200000000E-02","2.000216800000000E-02",
"2014-11-24","14:36:00","9.6989792800E-01", Trg'd
"-3","-5.010424000000000E-02","2.001423200000000E-02",
"2014-11-24","14:36:00","9.4989576000E-01", Trg'd
"-4","-7.011847200000000E-02","2.000044000000000E-02",
"2014-11-24","14:36:00","9.2988152800E-01", Trg'd
"-5","-9.011891200000001E-02","9.917412000000000E-03",
"2014-11-24","14:36:00","9.0988108800E-01", Trg'd
"-6","-1.000363240000000E-01","1.009686000000000E-02",
"2014-11-24","14:36:00","8.9996367600E-01", Trg'd.....

Usage: Event

15.7 Measurements

15.7.1 Quick Measurements

In the quick measurement commands, the numeric suffix <m> is irrelevant, omit it.

MEASUremMent<M>IAON. ... ..oeuieeite et ee e ee et e et e e et aeeeeee e e eeaeeeeaeeeeaaneeeeneereseaennnnns 349
Y TN =Y o g L=Y a1 B A | 350
MEASUrement<m>ARESUIE?.......coi it e et e e e e et e e e e e e eabe e e e e eerananns 350
MEASUIEMENt<M> ALL LS TATE] uu i eeieetiiiee e e e ettt e e e e e eete e e e e e e et e e e e s eetaaeeeeeeeataaeeeseesnnannns 350

MEASurement<m>:AON

Starts the quick measurement.
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Usage: Event

MEASurement<m>:AOFF
Stops the quick measurement.

Usage: Event

MEASurement<m>:ARESult?
Returns the results of the quick measurement.

Return values:
<Data> List of values

Quick measurement results are listed in the following order:
PEAK (Vpp), UPE (Vp+), LPE (Vp-), CYCR (RMS-Cyc), CYCM
(MeanCyc), PER (T), FREQ (f), RTIM (tr), FTIM (tf).

Usage: Query only

MEASurement<m>:ALL[:STATe]

Starts or stops the quick measurement and sets the status bit.

Suffix:
<m> 1.4
The suffix is irrelevant.
Parameters:
<State> ON | OFF

*RST: OFF

15.7.2 Automatic Measurements

15.7.2.1 Measurement Settings

MEASUrement<mM>[ENABIE]......cciiiiiiii e et eeeice e e e e e e e e e e e e e e e e s e et s e e e eeeanaaesaeeeeenanaeaeeens 350
MEASUrement<M>IMAIN. ... ..ouiii et e ettt e et e e e e e e et e e e ee e e eeaeeeean e eennneeees 351
MEASUrement<M>:SOURGCE. ......ccuueiiiiieeiei et ee e et e e et e e e e s e e e e e es e e eraaeeeennns 353
MEASUrement<m>:DELAY:SLOPE.........uciiiiiieiiiiee ettt e e e e et e e e et e e e e e e et e e e e e ee s 353
MEASurement<m>:STATIStICS[ENABIE]......uucciieiiiiriieie et e et e e e ee e e e e eresraeeeeeeees 353
MEASUrement<m>:STATISHCS:RESE! . .. cciiiiiirieieeiiitie ettt e et e eeeeee e e e e e eebeeeeaees 354

MEASurement<m>[:ENABIe] <State>

Activates or deactivates the selected measurement.
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Suffix:
<m> 1.4
Selects the measurement place.
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]?.

Suffix:

<m> 1.4
Selects the measurement.

Parameters:

<MeasType> FREQuency | PERIiod | PEAK | UPEakvalue | LPEakvalue |
PPCount | NPCount | RECount | FECount | HIGH | LOW |
AMPLitude | MEAN | RMS | RTIMe | FTIMe | PDCYcle |
NDCYcle | PPWidth | NPWidth | CYCMean | CYCRms |
STDDev | CYCStddev | DELay | PHASe | BWIDth |
POVershoot | NOVershoot
See also: Chapter 7.2.2, "Measurement Types", on page 114.
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 (upper) value within the displayed section of the
waveform of the selected channel.
LPEakvalue
Minimum (lower) value within the displayed section of the wave-
form of the selected channel.
PPCount | NPCount
Counts positive or negative pulses.
RECount | FECount
Counts the number of rising or falling edges.
HIGH | LOW
Mean value of the high or low level of a square wave.
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AMPLitude

Amplitude of a square wave.

MEAN

Mean voltage value of the complete displayed waveform of the
selected channel.

RMS

RMS (root mean square) voltage value of the complete dis-
played waveform of the selected channel.

RTIMe | FTIMe

Rise or falling time of the left-most rising edge within the dis-
played section of the waveform of the selected channel. The ref-
erence level for this measurement is set with REFTLevel :
RELative:MODE.

PDCycle | NDCycle

Positive or negative duty cycle.

PPWidth | NPWidth

Width of positive or negative pulses.

CYCMean

Mean voltage value of the left-most signal period of the wave-
form of the selected channel.

CYCRms

RMS (root mean square) voltage value of the left-most signal
period of the waveform of the selected channel.

STDDev

Standard deviation of the waveform.

CYCStddev

Standard deviation of one cycle, usually of the first, left-most sig-
nal period.

DELay

Time difference between two edges of the same or different
waveforms. 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 crosses the middle reference level.

POVershoot | NOVershoot
Positive and negative overshoot of a square wave.

*RST: PEAK
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MEASurement<m>:SOURce <SignalSource>[,<SignalSource2>]

Selects one of the active signal, reference or math channels as the source(s) of the
selected measurement. Available sources depend on the selected measurement type.

Suffix:
<m> 1.4

Selects the measurement place.
Parameters:

<SignalSource> CH1..4 | MA1 | RE1..4 | DO..15
Waveform to be measured, required for all measurement types.
For delay and phase measurements, it is the "Measure Source".
CH1| CH2 | CH3 | CH4
Active signal channels 1 to 4
MA1
Active math channel
RE1 | RE2 | RE3 | RE4
Active reference channels 1 to 4

D0..D15
Active digital channels DO0...D15. Only available, if MSO option
R&S RTB-B1 is installed.

<SignalSource2> None | CH1..4 | MA1 | RE1..4 | D0..15

Second waveform, reference source that is required for delay
and phase mesurements ("Measure Source 2").

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 first waveform ("Measure Source").
*RST: POS

<ReferenceSlope> POSitive | NEGative
Slope of the reference waveform ("Measure Source 2").
*RST: POS

MEASurement<m>:STATistics[:ENABIe] <StatisticEnable>

Activates or deactivates the statistical evaluation for all active measurements.

Suffix:
<m> 1.4
The suffix is irrelevant.
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Parameters:
<StatisticEnable> ON | OFF

*RST: OFF

MEASurement<m>:STATistics:RESet

Deletes the statistical results for all measurements, and starts a new statistical evalua-
tion if the acquisition is running. The waveform count is set to 0 and all measurement
values are set to NAN.

Suffix:
<m> 1.4

The suffix is irrelevant.
Usage: Event

15.7.2.2 Measurements Results

You can query the statistical results using the MEAS : STAT commands.

To export statistical results to a csv file, use the EXP :MEAS : STAT commands. Note
that export of statistics is possible only remotely, but not in manual operation.

MEASuUrement<m>:RESUR[ACTUAI]?......covreeeieee et e eeeeeeeeee e e e e eetee e e e e e eeteeeeeseeenaaeeeeeeees 354
MEASUrement<m>:RESUIEAVG?...... oo e 355
MEASUrement<m>:RESUIE:STDDEV?........ciee et e e ee et ee et e et eeeae e e e e e eeaeeeeaeeeennnnas 355
MEASUrement<m>:RESUIENPEGK?......cccouniiieeeeeeee ettt e e e e e e e e e eeees 355
MEASUrement<m>:RESUIIPPEGK?.........uciiiiiiiiiii e et e e e e e e eer s e e e e e e 356
MEASurement<m>:RESUIWFMCOUNE?......cvuuieieeeieiiiieeeeeeteeeeee ettt e e e e eeeaaeeeeeeeesa s eeeeens 356
MEASurement<m>:STATIStCS:WEIGNT?.......uuciieiiiiiiie ettt e e e e e eaaae e e e eees 356
MEASurement<m>:STATIStICS:VALUEIALL? ... oo 356
MEASUrement<m>:STATIStICS:VALUESN>?. .. e it e e e et e e e e ea 357
EXPort:MEASuUrement<m>:STATIStICSINAME....... oot et eaa e 357
EXPort:MEASUrement<m>:STATIStICSISAVE. ...ttt et e e eea e e 357
EXPort:MEASUrement:STATIStICSIALLINAME .......coiciiiiie ettt 358
EXPort:MEASUrement:STATIStICSIALLISAVE .....ciiiiiieiieieeeeeetee ettt e e ee e 358

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 | PERIiod | PEAK | UPEakvalue | LPEakvalue |
PPCount | NPCount | RECount | FECount | HIGH | LOW |
AMPLitude | MEAN | RMS | RTIMe | FTIMe | PDCYcle |
NDCYcle | PPWidth | NPWidth | CYCMean | CYCRms |
STDDev | CYCStddev | DELay | PHASe | BWIDth |
POVershoot | NOVershoot

Specifies the measurement type, see MEASurement<m>:MATN
on page 351. If you omit the parameter, the result of the last
measurement setup is returned.

Return values:
<Value> Measurement result. If no measurement was executed, no value
(NAN) is returned.

Usage: Query only

MEASurement<m>:RESult:AVG? <AverageValue>
Returns the average value of the current measurement series.

Suffix:
<m> 1.4
Selects the measurement place.

Query parameters:
<AverageValue> Statistic value

Usage: Query only

MEASurement<m>:RESult:STDDev? <StandardDeviation>
Returns the statistical standard deviation of the current measurement series.

Suffix:
<m> 1.4
Selects the measurement place.

Query parameters:
<StandardDeviation> Statistic value

Usage: Query only

MEASurement<m>:RESult:NPEak? <NegativePeak>
Returns the minimum measurement result of the current measurement series.

Suffix:
<m> 1.4
Selects the measurement place.

Query parameters:
<NegativePeak> Minimum measurement result
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Usage: Query only

MEASurement<m>:RESult:PPEak? <PositivePeak>
Returns the maximum measurement result of the current measurement series.

Suffix:
<m> 1.4
Selects the measurement place.

Query parameters:
<PositivePeak> Maximum measurement result

Usage: Query only

MEASurement<m>:RESult:WFMCount? <WaveformCount>
Returns the current number of measured waveforms.
The query for MIN and MAX values is not possible.

Suffix:
<m> 1.4
Selects the measurement place.

Query parameters:
<WaveformCount>  Number of measured waveforms

Usage: Query only

MEASurement<m>:STATistics:WEIGht? <BufferSize>
Returns the size of the statistics buffer.

Suffix:
<m> 1.4
Selects the measurement place.

Return values:
<BufferSize> The buffer size is always 1000 result values.

Usage: Query only

MEASurement<m>:STATistics:VALue:ALL?
Returns all values from the statistics buffer.

Note: Valid buffered values can only be read if the acquisition is stopped. As long as
the acquisition is running, the buffer contents is changing and the buffered values are
not valid for reading.

Suffix:
<m> 1.4
Selects the measurement place.
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Return values:
<ValueList> Comma separated List of Values

Comma-separated list of statistical values

Usage: Query only

MEASurement<m>:STATistics:VALue<n>?
Returns the n'" statistical value from the indicated buffer place.

Note: Valid buffered values can only be read if the acquisition is stopped. As long as
the acquisition is running, the buffer contents is changing and the buffered values are
not valid for reading.

Suffix:
<m> 1.4

Selects the measurement place.
<n> *

Buffer place. The buffer size is 1000 results.

Return values:
<StatisticValue> Statistical value

Usage: Query only

EXPort:MEASurement<m>:STATistics:NAME

Defines the path and filename of the statistics file. The file format is CSV. If the file
already exists, it will be overwritten without notice.

Suffix:
<m> 1.4
Selects the measurement place.
Parameters:
<FileName> String parameter

EXPort:MEASurement<m>:STATistics:SAVE

Saves statistical results of the indicated measurement place to the file that is defined
by the ExXPort :MEASurement<m>:STATistics:NAME command.

Suffix:
<m> 1.4

Selects the measurement place.
Usage: Event

See also: EXPort:MEASurement:STATistics:ALL: SAVE on page 358.
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EXPort:MEASurement:STATistics:ALL:NAME

Defines the path and filename of the statistics file. The file format is CSV. If the file
already exists, it will be overwritten.

Parameters:
<FileName> String parameter

EXPort:MEASurement:STATistics:ALL:SAVE

Saves statistical results of all measurement places to the file that is defined by the
EXPort:MEASurement:STATistics:ALL:NAME command

Example: The file contains general information, statistical results, long
term statistics, and the individual values that are used to calcu-
late the statistics. The number of values is "Average No."
"Vendor", "Rohde&Schwarz",

"Device/Mat.-No.","RTB2004 / 1333.1005K04",
"Serial No.","3900001",
"Firmware Version","02.001",

"Date","2017-11-18 / 16:40:27",

"Meas. Place"™,,"1",,"2",,"3",,

"Type",,"Frequency",, "Mean Value",, "Frequency",,

"Source 1",,"CH1",,"CH1",,"CH2",,

"Source 2", , 00000

"Wave count",,42,,39,,37,,
"Current",,4.998250e+05,,5.648727e-01,,4.998250e+05,,

"Average No.",,1.000000e+03,,1.000000e+03,,1.000000e+03,,
"Minimum",,4.997501e+05,,5.633875e-01,,4.997501e+05,,
"Maximum",,4.998250e+05,,5.650349e-01,,4.998250e+05,,
"Mean",,4.998179e+05,,5.642045e-01,,4.998169e+05,,
"o-Deviation",,2.199706e+01,,3.677224e-04,,2.326898e+01,,

"Time of first value",,,,,rr/rrs

"Time of last value",,,,,,, /s,

"Long term Minimum",,4.997501e+05,,5.633875e-01,,4.997501e+05,,
"Long term Maximum",,4.998250e+05,,5.650349%9e-01,,4.998250e+05,,
"Long term Mittelwert",,4.998179e+05,,5.642045e-01,,4.998169e+05,,
"Long term o-Deviation",,2.226370e+01,,3.725295e-04,,2.358995e+01,,
"Long term start time",,,,,,,,//

"Long term end Time",,,,,,,/,//

"Index","Time Offset","Value","Time Offset","Value",

"Time Offset","Value",

1,,4.998250e+05,,5.649274e-01,,4.997501e+05,
2,,4.998250e+05,,5.649072e-01,,4.998250e+05,
3,,4.998250e+05,,5.650349e-01,,4.998250e+05,
4,,4.998250e+05,,5.641094e-01,,4.998250e+05,
5,,4.998250e+05,,5.640586e-01,,4.998250e+05,
6,,4.997501e+05,,5.642784e-01,,4.998250e+05,
7,,4.998250e+05,,5.637245e-01,,4.998250e+05, . ..
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Usage: Event

15.7.2.3 Measurement Gate

MEASUIEMENtSM>IGATE ... e ieiiiiiie et e eeetiee e e e e ettt e e e et ettt aeeeeeees b e eeeseaataaeeesestanaeeeerenes 359
MEASUrement<m>:GATEIMODE........ oot e et e et e e e e e e e e eaees 359
MEASurement<m>:GATE:ABSOIUtE:STARL........iiieeeeieeeeeee e 359
MEASurement<m>:GATE:ABSOIUIE:STOP.......cocveeeee e 359
MEASurement<m>:GATE:RELAtIVE:STAR......cuuiiiiieeeeei e e e e e ean s 360
MEASurement<m>:GATE:RELAtIVE:STOP......cccciiiiiieieeeieeiiie e ee et e e e eetee e e e e e eete e e e eeene 360

MEASurement<m>:GATE <State>

Activates or deactivates the measurement gate.
To set the gate, use:

® MEASurement<m>:GATE:MODE and

® MEASurement<m>:GATE:ABSolute:STARt and MEASurement<m>:GATE:
ABSolute:STOP

® or MEASurement<m>:GATE:RELative:STARt and MEASurement<m>:GATE:
RELative:STOP

Suffix:
<m> 1.4
Selects the measurement place.
Parameters:
<State> ON | OFF

*RST: OFF

MEASurement<m>:GATE:MODE <GateMode>

Defines whether the gate is defined in absolute or relative values.

Suffix:

<m> 1.4
The suffix is irrelevant. One gate is used for all measurement
places.

Parameters:

<GateMode> RELative | ABSolute
*RST: REL

MEASurement<m>:GATE:ABSolute:STARt <Time>
MEASurement<m>:GATE:ABSolute:STOP <Time>

Define the absolute start and end time for the measurement gate, respectively.
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Suffix:

<m> 1.4
The suffix is irrelevant. One gate is used for all measurement
places.

Parameters:

<Time> *RST: 300e-6

Default unit: s

MEASurement<m>:GATE:RELative:STARt <Position>
MEASurement<m>:GATE:RELative:STOP <Position>

Define the relative start and end values for the measurement gate, respectively.

Suffix:

<m> 1.4
The suffix is irrelevant. One gate is used for all measurement
places.

Parameters:

<Position> *RST: 75

Default unit: %

15.7.2.4 Reference Levels

REFLEVEI:RELAtIVEIMODE........ccceeiieee et e et e e e e e e e e e e ene e e eaneeenanees 360
REFLEVEIIRELAIVEILOWVET......ceueieeiteeeeee et e e e et e et e et e e e e e e e e e e e e eean e s eaeeeeeans 361
REFLEVEIIRELAIIVEIUPPET.......ccciieeeeeeeeeeeeeeeeeeeette e et e s e e e e e e e aeaeaeeeeseeeeeeeeesesesesrasanas 361
REFLEVEI:RELAIVEIMIDDIE. .. .uiiieiieiieieeeeettieeeeeeettie e e e e e etteeeeeseeabseeeeeessnaeeeesaerannaeaaens 361

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 set-
ting is valid for all measurement places.

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
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Example: REFL:REL:MODE TWENty
MEAS2 :MAIN RTIM
Sets the reference levels for all measurements and measures
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 <LowerLevel>
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 lev-
els are defined as percentages of the high signal level. They are valid for all measure-

ments.

Parameters:

<LowerlLevel> *RST: 10
Default unit: %

<UpperLevel> *RST: 90

Default unit: %

REFLevel:RELative:MIDDle <MiddleLevel>

Set the middle reference level that is 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 measurements.

Parameters:
<MiddleLevel> *RST: 50
Default unit: %

15.7.3 Cursor Measurements

15.7.3.1 Cursor Settings

(O8] To R0 b AN @ 362
(O8] 2 S o] 201 B A L= YO URPPP 362
CURSOI<MZIFUNCHION. c.etuteieeeieitiiee e e e eeeetee e e e et tee e e e e e eet e e e e e eeaata e eeessesaaneeeesessnnnaeeeesrans 362
CURSOISMZISOURCE. ... eettttieieeieetiiiae e e et ettt e e e eeettaeeeeseeetaeeeeeeastaaeeeseesnsaaeessentanaaaeees 363
CURSOr<mM>:TRA CKING S TATE]: -t et et eeee e ettt et e et e e e e e et e ea e e e e e e e et e eeeeenneenns 364
CURSOI<M> X P OSHION. ...ceteeeee et ee e et e e e et e et e e e eee e e et e e e e e e e e e e eaneeeeenns 364
CURSOI<M> X 2P OSIHION. ..eeteeeeeiee et ee et e e et e e et ee e e e e e e e e e et e e e esaeeesaeeeeaeeeenneeeaneereans 364
(O8] To] R0 D oY= 1T o TR 364
CURSOI<M>IY 2P 0SIHION. ..etttieieeiiiiiei et e e e etee e e e e ettt e e e e e e ettt e s eeeeeetaaeeeeseastaneaeseesnnneeaereens 364
CURSOI<MZY COUPING. 1t eeeitttiieeeeeeettiaeeee e ettt iae e e et eeata s eeeseetataseeseestaneeeesesstaseeeseernnnnns 364
CURSOIr<M>: X COUPING.cettttttretuininnnnniaiaaaaaieseeeeaaaaeeererereeeeresssntnrnnanannnnaraseasasaaseeserereen 364
CURSOISMZISWAVE. ... et e e e e et e e e eeee e e e e e e e e e eeeean 365
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CURSOr<m>:TRACKING:SCALE[:STATE]. ... e teeeiiieeeeeeeiae et s e eeee e e e eea e e eee e eeas
CURSOI<M> SSCREEN. . et etiii i ie e e e e et e e e a e e aenns
CURSOIr<mM>:SPPEaK<N>.... e e et e e e e e aeeaas
(010 ] o R 111 B NN oY= 1 G o S

CURSor<m>:AOFF

Switches the cursor off.

Suffix:
<m> 1, the suffix is irrelevant.
Usage: Event

CURSor<m>:STATe <State>

Activates or deactivates the cursor measurement.

Suffix:

<m> 1, the suffix is irrelevant.
Parameters:

<State> ON | OFF

*RST: OFF

CURSor<m>:FUNCtion <Type>

Defines the cursor measurement type.

Suffix:

<m> 1, the suffix is irrelevant.
Parameters:

<Type> HORIizontal | VERTical | HVERical

To set the V-marker measurement, use CURSor<m>:

TRACking[:STATe].
*RST: VERTical
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Value Description Queries for results
HORIizontal Sets two horizontal cursor lines and measures the | CURSor<m>:Y1Position
voltages at the two cursor positions and the delta CURSor<m>:Y2Position
of the two values.
CURSor<m>:YDELta [ :VALue]?
CURSor<m>:YDELta:SLOPe?
VERTical Sets two vertical cursor lines and measures the CURSor<m>:X1Position
time from the trigger point to each cursor, the time CURSor<m>:X2Position
between the two cursors and the frequency calcu-
lated from that time. CURSor<m>:XDELta[:VALue] ?
CURSor<m>:XDELta:INVerse?
HVERtical Combines the HORizontal cursor and VERTical CURSor<m>:Y1Position
gursor meagurements. Two horizontal and two yer- CURSor<m>:Y2Position
tical cursor lines are set and the voltages and time
from the trigger point are measured at the cursor CURSor<m>:YDELta[:VALue]?
posmons, as well as the delta of the voltage and CURSor<m>:X1Position
time values.
CURSor<m>:X2Position
CURSor<m>:XDELta [ :VALue]?

CURSor<m>:SOURce <Source>

Defines the source of the cursor measurement.

Suffix:
<m>

Parameters:
<Source>

1, the suffix is irrelevant.

CH1 | CH2 | CH3 | CH4 | MA1 | MA2 | MA3 | MA4 | MA5 | RE1 |
RE2 | RE3 | RE4 | XY1 | XY2 | D70 | D158 | DO..15 | SPECtrum |

MINHold | MAXHold | AVERage
CH1 | CH2 | CH3 | CH4

Active analog channel waveforms 1 to 4

MA1 | MA2 | MA3 | MA4 | MA5
Active math waveforms 1 to 5

RE1 | RE2 | RE3 | RE4

Active reference waveform 1 to 4

XY1 | XY2
Active XY-waveforms

DO0..15

Active digital channels DO to D15, available if MSO option

R&S RTB-B1 is installed.

On individual digital channels, only vertical (time) cursor mea-

surements are possible.
D70 | D158

Active digital channels DO...D7 (pod 1) and D8...D15 (pod 2).
Only available, if MSO option R&S RTB-B1 is installed. On pods,
only V-marker measurement is possible.
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SPECtrum | MINHold | MAXHold | AVERage
FFT waveforms

CURSor<m>:TRACKking[:STATe] <State>

If set to ON, the V-Marker cursor measurement is enabled.

Suffix:

<m> 1, the suffix is irrelevant.
Parameters:

<State> ON | OFF

*RST: OFF

CURSor<m>:X1Position <Xposition1>
CURSor<m>:X2Position <Xposition2>

The commands specify or return the positions of vertical cursor lines on the x-axis
(time, frequency for FFT).

Suffix:

<m> 1, the suffix is irrelevant.

Parameters:

<Xposition1> Range: Depends on the current instrument settings, for
<Xposition2> example, horizontal position.

Default unit: s

CURSor<m>:Y1Position <Yposition1>
CURSor<m>:Y2Position <Yposition2>

The commands specify or return the positions of horizontal cursor lines on the y-axis
(voltage, current, level for FFT).

Suffix:

<m> 1, the suffix is irrelevant.

Parameters:

<Yposition2> Range: Depends on the current instrument settings.

Increment: 0.01
Default unit: V

CURSor<m>:YCOupling <Coupling>
CURSor<m>:XCOupling <Coupling>

If enabled, the cursor lines are coupled so that the distance between the two lines
remains the same if one cursor is moved.

Suffix:
<m> 1, the suffix is irrelevant.
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Parameters:
<Coupling> ON | OFF

*RST: OFF

CURSor<m>:SWAVe

Autoset for cursor lines, sets the cursor lines to typical points of the waveform depend-
ing on the selected cursor type. For example, for voltage measurement ("Horizontal"),
the cursor lines are set to the upper and lower peaks of the waveform. For time mea-
surement ("Vertical"), the cursor lines are set to the edges of two consecutive positive
or two consecutive negative pulses.

Suffix:
<m> 1, the suffix is irrelevant.
Usage: Event

CURSor<m>:TRACking:SCALe[:STATe] <State>

Enables the adjustment of cursor lines if the vertical or horizontal scales are changed.

Suffix:
<m> 1, the 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>:SSCReen

Resets the cursors to their initial positions. This is helpful if the cursors have disap-
peared from the display or need to be moved for a larger distance.

Suffix:
<m> 1, the suffix is irrelevant.
Usage: Event

CURSor<m>:SPPeak<n>
CURSor<m>:SNPeak<n>

Set the cursor line to the previous / next peak, respectively. The command is only
available for FFT waveforms.

Suffix:
<m> 1, the suffix is irrelevant.
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<n> 1.2
Selects the cursor line.

Usage: Event

15.7.3.2 Cursor Measurement Results

To get the measurement values of vertical cursor lines (time, frequency for FFT), use:
® (CURSor<m>:X1Position on page 364
® CURSor<m>:X2Position on page 364

To get the measurement values of horizontal cursor lines (voltage, current, level for
FFT), use:

® (CURSor<m>:Y1Position on page 364
® (CURSor<m>:Y2Position on page 364

CURSOr<mM>: XD E LA :VALUE] 2. e ettt et et e e e et e e e e e e e e e e e eaeanen 366
CURSOr<mM>:XDELLA:INVEISE?....... o eeeeeeeeeee et e et e e e et e e e e e e e e e eaaeeeeaeeeenneees 366
CURSOIr<mM>:YDELLA[:VALUE]?...c e ettt e e e eeee et eeeeeeeteitte s s e s e e e e e e e e eaeaeaeeeeeeeaeeeeenennnnannnnns 366
CURSOI<M> Y DELLA:SLOPE?.c.uu e eeeeettee et e ettt e e e e e e et e e e e e e et e e e e e e aabae e e e e eesaaaanns 367

CURSor<m>:XDELta[:VALue]?
Returns the time difference between two vertical cursor lines (At).

Suffix:
<m> 1, the suffix is irrelevant.

Return values:

<Delta> Range: -100E24 to 100E24
Increment: 0.1
Default unit: s

Usage: Query only

CURSor<m>:XDELta:INVerse?
Returns the inverse time difference between the two cursors (1/At, frequency).

Suffix:
<m> 1, the suffix is irrelevant.

Return values:

<Deltalnverse> Range: -100E24 to 100E24
Increment: 0.1
Default unit: 1/s

Usage: Query only

CURSor<m>:YDELta[:VALue]?

Queries the delta of the values in y-direction at the two cursor lines.

User Manual 1333.1611.02 — 08 366

839145 010-62176785 www . hyxyyq.com



R&S®RTB2000

15.8

15.8.1

15.8.2

15.8.2.1

Suffix:
<m>

Return values:
<YDelta>

Usage:

1, the suffix is irrelevant.

Delta value

Query only

CURSor<m>:YDELta:SLOPe?

Remote Control Commands

Returns the inverse value of the vertical difference (e.g. voltage difference) - the recip-

rocal of the vertical distance of two horizontal cursor lines: 1/4V.

Suffix:
<m>

Return values:
<Slope>

Usage:

Applications

General

DEVice:MODE

Sets the operation mode or application.

Parameters:

1, the suffix is irrelevant.

Inverse value

Query only

<OperationalMode> YT | ZOOM | XY | QMEas | UPDate | AUToset | MASKtest | FFT

Mask Testing

Mask Setup

MASK STATE. ....vveruererereseetesesesesesesesesesaeseseseesesesessesesesenesesesessnsesesesenenesssesensesesesenensncns 368
MASK:SOURGE. .....veveeuraererereseetesesenesesesessesesesssesesesessssesesessssssssessesesesesensssssssnsesesessnenens 368
MASK:CHCOPY .- vvevererererereetesesesesesssesesaeseseseseesesessssesesasesesssessssssesesasenensssssssnsesesssenssnens 368
MASK:YPOSHION. ...t veveeeeeseseseseetesesesesesesessssssesesesesesssessssesesesasessssssssssesesesesensssssssssasasas 368
MASK:YSCAIE......vvveeieiiirisistesesesesesesessssesesesesessssssssssesesesesesesessssssesesesesessssssssesesesasans 368
MASKXWIDN. ...ttt s bbb st s b bbb se s bbb sesens e s s esesns 368
MASKYWIDEN. ...ttt ettt bbb b s se e es s s bbb esesnan s s s esebens 369
MASKISAVE . ......eteteeeueneeseresesteseseseaeaesesssesseseseseeaesesssseseseseasasaessssssesesesensnssssssssesesesens 369
MASK:LOAD. .....ceteueueueeseseseeeesesasesesesesessesessseseasssssssesesasasenssessssesesesnsensssssssssesesesesenesnens 369
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MASK:STATe <State>

Turns the mask test application on or off. When turning off, any temporarily stored
masks are deleted.

Parameters:
<State> ON | OFF

*RST: OFF

MASK:SOURce <Source>

Defines the channel to be compared with the mask, and also the channel from which
the mask is created.

Parameters:

<Source> CH1 | CH2 | CH3 | CH4
CH3 and CH4 are only available on 4-channel models.
*RST: CH1

MASK:CHCopy
Creates a mask from the envelope waveform of the source set with MASK : SOURce.

Usage: Event

MASK:YPOSition <Yposition>
Moves the mask vertically within the display.

Parameters:
<Yposition> Mask offset from the vertical center

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.

Default unit: %

MASK:XWIDth <Xaddition>

Changes the width of the mask in horizontal direction.
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15.8.2.2

Parameters:

Remote Control Commands

<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.
Default unit: div

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.

Default unit: div

MASK:SAVE <Filename>
Saves the current mask in the specified file.

Setting parameters:
<Filename> String parameter

Path and file name

Usage: Setting only

MASK:LOAD <Filename>
Loads a stored mask from the specified file.

Setting parameters:
<Filename> String parameter

Path and file name

Usage: Setting only

Actions on Violation

MASK:ACTion:SOUNd:EVENt:MODE........cccceoiiiiieeiieiieeeeeeeeeeeea
MASK:ACTioN:STOP:EVENEMODE......cccoiiiieieiiieiiee et eaeanas
MASK:ACTion:SCRSave:EVENt:MODE........cccccoiieiieieiieieee e,
MASK:ACTion:WFMSave:EVENEMODE........cccoiiviiiiiiieeccceeae
MASK:ACTion:PULSe:EVENt:MODE........ccccieiiiieieeee e,
MASK:ACTion:STOP:EVENt:COUNTL....ccuiieiiieii e
MASK:ACTion:SCRSave:DESTINation.......ccccoveiieieiiiiiieeic e
MASK:ACTion:WFMSave:DESTINation......ccocoveueiieriiriieineeceeceeeeneeens
MASK:ACTION:YOUT:ENABIE.....cuitiieeiieieeieieieeeeteete e ene e enns

MASK:ACTion:SOUNd:EVENt:MODE <EventMode>
MASK:ACTion:STOP:EVENt:MODE <EventMode>
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MASK:ACTion:SCRSave:EVENt:MODE <EventMode>
MASK:ACTion:WFMSave:EVENt:MODE <EventMode>
MASK:ACTion:PULSe:EVENt:MODE <EventMode>

Defines when and how often the action is executed.

® SOUNd: Generates a beep sound on mask violation.

® STOP: Stops the waveform acquisition, after mask is violated for a defined number
of times. You can set how many times with the command MASK:ACTion:STOP:
EVENt : COUNt.

® PULSe: Creates a pulse on the [Aux Out] connector. This selection sets the config-
uration of the [Aux Out] connector to "Mask Violation".

® SCRSave: Saves a screenshot on mask violation. To set path and filename of the
screenshot, use MASK:ACTion:SCRSave:DESTination.

® \WFMSave: Saves the waveform data on mask violation. To set path and filename
of the data file, use MASK:ACTion:WEMSave:DESTination.

Parameters:

<EventMode> OFF | EACH

OFF
No action is executed.

EACH
The selected action is executed on each violation of the mask.

*RST: OFF

MASK:ACTion:STOP:EVENt:COUNt <EventCount>
Sets the number of mask violations after which the action is executed.

Parameters:
<EventCount> Integer value, number of the violations that executes the action.

MASK:ACTion:SCRSave:DESTination <Path>

Defines the directory for a screenshot that is saved on mask violation. The file format is
defined with HCOP : LANG. The filename is manually defined in the "File" > "Screen-
shots" dialog box and is incremented automatically, starting from 01.

Parameters:
<Path> String parameter
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Example: Prerequisite: a mask ist defined, and a waveform that hits the
mask.
MASK:ACT:SCRS:DEST "/USB_FRONT/MASKS" //directory must exist
HCOP:LANG PNG
MASK:ACT:SCRS:EVEN:MODE EACH
MASK:TEST RUN
RUN

On first violation, the screeenshot is saved to <name>01 . PNG,
on second violation to <name>02 . PNG, the third to
<name>03.PNG ...

MASK:ACTion:WFMSave:DESTination <Path>

Defines the directory for waveform data files that are saved on mask violation. The file
format is defined with FORMAT. The filename is manually defined in the "File" > "Wave-
forms" dialog box and is incremented automatically, starting from 01.

Parameters:

<Path> String parameter

Example: Prerequisite: a mask ist defined, and a waveform that hits the
mask.
MASK:ACT:WFMS:DEST "/USB_FRONT/MASKS" //directory must exist
FORM CSV, 0

MASK:ACT:WFMS :EVEN:MODE EACH
MASK:TEST RUN
RUN

On first violation, the waveform data is saved to
<name>01.CSV, on second violation to <name>02.CSV, the
third to <name>03.CSV ...

MASK:ACTion:YOUT:ENABIe <Yout>

Creates a pulse on the [Aux Out] connector if the mask is violated. This selection sets
the configuration of the [Aux Out] connector to "Mask Violation".

Same as MASK:ACTion:PULSe:EVENt :MODE on page 370.

Parameters:
<Yout> ON | OFF
*RST: OFF
15.8.2.3 Mask Test
Y NS Sl I = 372
Y NSy G R S Y= O @ 1 U N L= 372
LYY S 0 15 11 2 372
TN SR 01 @ 10T o TR 372
MASK:CAPTUIE[IMODE]....cuuittieiiiie et eie e e e e e et e e e et s e e e et e e e e e e e e ea e et s eaaaeenaenn 372
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MASK:TEST <Test>
Starts, finishes or interrupts a mask test.

Parameters:
<Test> RUN | STOP | PAUSe

*RST: STOP

MASK:RESet:COUNter
Sets the counters of passed and failed acquisitions to Zero.

Usage: Event

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> Total number of violations

Usage: Query only

MASK:CAPTure[:MODE] <CaptureMode>

Only available with history. The command selects whether all acquisitions are stored in
segments, or only failed acquisition. You can use the hostiry to analyze the segments.

Parameters:
<CaptureMode> ALL | FAILED

*RST: ALL

15.8.2.4 Mask Data

Use the following commands that are described in Chapter 15.9.1.5, "Masks",
on page 408:

® MASK:DATA? on page 408

® VMASK:DATA:HEADer? on page 408

® MASK:DATA:XINCrement? on page 410
® MASK:DATA:XORigin? on page 409
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15.8.3

15.8.3.1

® MASK:DATA:YINCrement? on page 411
® MASK:DATA:YORigin? on page 410
® MASK:DATA:YRESolution? on page 411

Remote Control Commands

FFT Analysis

@  General SEtINGS. ... e e e e e 373
@  FrequENCY SetliNgS. ..o e ———— 375
L I (LTS 1= 11 T 1 PP 376
o Waveform Settings......ooo e 377
@  Waveform Data... ... 378

General Settings

P E UM STATE] ettt ee et eee e s seseeeeee et eeeeeeseseseeeeeeeeeeeeeesesesneeeeeeeesesenesnenaeeeeen. 373
SPECHUMISOURCE. ..ttt ettt ee e e e ettt e e e e e e e e e e e aaaaaeeeeeeeeeaneneeaensnnnn e ens 373
SPECtrum:FREQUENCY:WINDOW:TYPE.........ccieiiiiieeeeeeeeeeteteeeeee s e s e e e e e e e e e aeaeaeeeeeeeeeeees 373
SPECtrum:FREQUENCY:MAGNItUAE:SCALE. ....cuuvereeeerunaaaaaaeieeeeeeeaeaaaaeeereeeeeeeeeeeennennnnnnnnns 374
SPECtrUM:FREQUENCY:POSIION. ...cevuuiiiieiiiiiie e e ee ettt e e e e eetee e e e e e ee e e e e e eeraneeeeesensnaeaeeeees 374
SPECHUM:FREQUENCY:SCALE.....uuiieieiietieieeeeeetiee e e e ettt e e e e e e et ae s e e e s esbeaeeeseesataeeaesenranns 375
DISPlay:CBAR:FFT:POSIHION]. ... e ceeeti ettt ettt e e e e e e e e e e e e e enns 375
SPECtrum[:STATe]

Switches on the spectrum analysis.

Parameters:

<State> ON | OFF

SPECtrum:SOURce

Selects the source for the spectrum analysis diagrams.

Parameters:
<Source> CH1 | CH2 | CH3 | CH4

SPECtrum:FREQuency:WINDow:TYPE

Window functions are multiplied with the input values and thus can improve the spec-

trum analysis display.

Parameters:

<WindowFunction> RECTangular | HAMMing | HANNing | BLACkmanharris |

FLATtop
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RECTangular

The rectangular window has high frequency accuracy with thin
spectral lines, but with increased noise. Use this function pref-
erably with pulse response tests where start and end values are
zero.

HAMMing

The Hamming window has higher noise level inside the spec-
trum than Hann 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 noise level within the spectrum is reduced and the width of
the spectral lines enlarges. Use this window to measure ampli-
tudes of a periodical signal precisely.

BLACkmanharris

In the Blackman window the amplitudes can be measured very
precisely. However, determining the frequency is more difficult.
Use this window to measure amplitudes of a periodical signal
precisely.

FLATtop

The flat top window has low amplitude measurement errors but
a poor frequency resolution. Use this window for accurate sin-
gle-tone measurements and for measurement of amplitudes of
sinusoidal frequency components.

SPECtrum:FREQuency:MAGNitude:SCALe <MagnitudeScale>
Defines the scaling unit of the y-axis.

Parameters:
<MagnitudeScale> 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 V.

SPECtrum:FREQuency:POSition

Defines the vertical position of the spectrum.

Parameters:
<Position> Default unit: div
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SPECtrum:FREQuency:SCALe
Sets the vertical scale of the spectrum analysis waveform.

Parameters:
<Scale> Range values and unit depend on SPECtrum: FREQuency :
MAGNitude:SCALe.

DISPlay:CBAR:FFT[:POSition] <DividerPosition>
Defines the position of the devide bar between normal waveform and FFT window.

Parameters:
<DividerPosition> Vertical position in pixel, measured from the top edge. The verti-
cal display size is 800 px.

Default unit: px

15.8.3.2 Frequency Settings

SPECHUM:FREQUENCY:CENTE...ccutittiiiiiteeeieieieseeeeeeeeeeeeeeeeeeeeeeesrabarnan e e s eeeeaaaaaaaees 375
SPECtrUmM:FREQUENCY:FULLSPAN. .....coiiiiiieiitiitiieeeeeeeeeeeeeeeeeeeaeeeeeeeeeeeeeeesersssasnnanaanaaanans 375
SPECHtrUM:FREQUENCY:SPAN. ... ..cciiiiiiiiieeeieeeie it reeeee e e e e e e eeaeaeaaaeeeeeeeeeeeeeessssararaanaannnns 375
SPECHUM:FREQUENCY:STARL.....ciitiietiitiiititieieeeieieeeeeeeeeeeeeeeeeeeeeeeeeesetarar i aeseeeaaeas 376
SPECHUM:FREQUENCY:STOP..... . iiiittiieeeeeeteie e e ee ettt e e e e et tate e e e e seeta s eeeeesanaaesaeseestanseaaeens 376
SPECtrum:FREQuency:BANDwidth[:RESOIUtON][:VALUEL......ctevrreieiieriiiie e eeeeeeien e e eeeannnns 376
SPECtrum:FREQuency:BANDwidth[:RESoIution]:RATIO. ... ccuuiiiieieeiieeee e 376

SPECtrum:FREQuency:CENTer

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 command SPECt rum:
FREQuency: SPAN.

Parameters:
<CenterFrequency>

SPECtrum:FREQuency:FULLspan
Performs the spectrum analysis calculation for the full frequency span.

Usage: Event

SPECtrum:FREQuency:SPAN

The span is specified in Hertz and defines the width of the displayed frequency range,
which is (Center - Span/2) to (Center + Span/2).

Parameters:
<Span>
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SPECtrum:FREQuency:STARt

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.

Parameters:
<StartFrequency> Range: Depends on various other settings, mainly on time
base, span/RBW ratio, and center frequency.

SPECtrum:FREQuency:STOP

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.

Parameters:
<StopFrequency> Range: Depends on various other settings, mainly on time
base, span/RBW ratio, and center frequency.

SPECtrum:FREQuency:BANDwidth[:RESolution][:VALue] <ResolutionBandwidth>

Defines the resolution bandwidth - the minimum frequency step at which the individual
components of a spectrum can be distinguished.

Parameters:
<ResolutionBandwidthRange: Depends on various other settings.

SPECtrum:FREQuency: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.

Parameters:
<SpanRBWratio> Range: The value is changed in 2n steps from 2410 to
275 (1024, 2048,4096,8192,16384, 32768).

15.8.3.3 Time Settings

SPECHUMITIME:POSIION. ...ttt 376
SPECHUMITIME:RANGE.......oiiiiiiii it s 377

SPECtrum:TIME:POSition <TimePosition>
Sets the time position of the analyzed time range.

Parameters:
<TimePosition>
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SPECtrum:TIME:RANGe <TimeRange>
Sets the time range for the time domain diagram.

Parameters:
<TimeRange>

15.8.3.4 Waveform Settings

SPECtrum:WAVeform:AVERAGE[:ENABIE].....uuteeeiieeiieieeeeetiieeeeeeeettee e e e e e eetee e e e e eeebneeeeaees 377
SPECtrum:WAVeform:MAXIMUM[ENABIE]......uueie et eeee et eeee et e e e e e e e e eeeaae e 377
SPECtrum:WAVeform:MINIimMUM[:ENABIE]......ccceuiiiieee et eena s 377
SPECtrum:WAVeform:SPECHUM[ENABIE].. ... et e e e e e e 377
SPECtrum:FREQUENCY:AVERAGEICOUNL......uiieieieie e e e e e e e e e 377
SPECtrum:FREQuency:AVERAGE:COMPIELE?........ceieeieiiiieieeeeeetiee et e e e e e e e e eeeaaes 377
SPECHUM:FREQUENCY:RESEL ... iiiiiieeiiieieeeeettiie et e e e e et e e e e e ee e e e e e e aeb e e e e eeennanns 377

SPECtrum:WAVeform:AVERage[:ENABIle] <WaveformEnable>
SPECtrum:WAVeform:MAXimum[:ENABIe] <WaveformEnable>
SPECtrum:WAVeform:MINimum[:ENABIle] <WaveformEnable>
SPECtrum:WAVeform:SPECtrum[:ENABIe] <WaveformEnable>

Enables/diables the indicated waveform.

Parameters:
<WaveformEnable> ON | OFF

*RST: ON

SPECtrum:FREQuency:AVERage:COUNt <AverageCount>
Defines the number of spectrums used for averaging.

Parameters:
<AverageCount>

SPECtrum:FREQuency:AVERage:COMPlete?
Returns the state of spectrum averaging.

Parameters:
<AverageComplete>

Usage: Query only

SPECtrum:FREQuency:RESet

Resets the Min Hold, Max Hold, Spectrum and Average waveforms to the current
waveform.

Usage: Event
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Applications

15.8.3.5 Waveform Data

SPECtrum:WAVEeform:AVERAGE I DATA?. ...ttt eeeeeeiee e e e e et e e e e et e e e e e e eabe e e e e eeanaanns 378
SPECtrum:WAVeform:MAXIMUMIDATA? ...t eeeeeeteee e ettt e e e e e e etae e e e e e eabeaeeeeeesnbeeeeeseeranns 378
SPECtrum:WAVeform:MINIMUMIDATA?. ... e e e e et e e e e e e e ereeeeeans 378
SPECtrum:WAVEeform:SPECIUMIDATAT?. ... et et e et e ennas 378
SPECtrum:WAVeform:AVERage: DATAIHEADEI?.......ceuiieeieieeaeaaaaaa e e e e e eeeeaeeeeeeeeeeeeeennenens 378
SPECtrum:WAVeform:MAXIMUM:DATAHEADEI?. ......coeeeeeeeee e e et eeeeean s 378
SPECtrum:WAVeform:MINIiMmUmM:DATAIHEADEI?......coe e e eeeeeeteee e ettt e e e e eete e e e e e enraans 379
SPECtrum:WAVeform:SPECtrUM:DATAHEADEI?......c.uvei et e ettt eeees 379
SPECtrum:WAVeform:AVERage:DATAIPOINIS?.....ccocieei it 379
SPECtrum:WAVeform:MAXImUmM:DATA:POINES?.... oot 379
SPECtrum:WAVeform:MINimum:DATAIPOINIS?. ... 379
SPECtrum:WAVeform:SPECIrUmM:DATAIPOINIS?.....ceeeieeee ettt 379
SPECtrum:WAVeform:AVERage: DATAXINCIEMENT?.......ceieeeeeereieiieaaaaaeieeeeeeeeeaaaeeeeseneees 379
SPECtrum:WAVeform:MAXimum:DATA:XINCIremMeNnt?.......ceeeeereerieeieeeeeiiieeeeeeeeeieeeeeeeesnnanns 379
SPECtrum:WAVeform:MINimum:DATA:XINCIrement?.......ccuueieeeeieeeiieieeeeeeriieeeeeeeereeeeeeeenns 379
SPECtrum:WAVeform:SPECtrum:DATA:XINCIEMENT?......cceeeieeieeeeeeeeeteeee e eeerees 379
SPECtrum:WAVeform:AVERage:DATAXORIGIN?. ...t eeeeeee e 379
SPECtrum:WAVeform:MAXimum:DATA XORIGIN?.......uaaaaae e e eeeeeeeeeeeeeeeeeeeeeeeeeeeeneneeas 379
SPECtrum:WAVeform:MINIimum:DATA: XORIGIN?....ceeeeerrererernnnnnnaaaaaaaeaeeeeeeeaaaeaeeeereeeeennnes 379
SPECtrum:WAVeform:SPECtrum:DATA:XORIGIN?...uuuueiieieieieeeeeeeeeeeeeeieeeeeeeeeresessnrnnnnnnne 379
SPECtrum:WAVeform:AVERage:DATA:YINCIremMeNnt?.......cieeeeeeerieeeeeeeeeiieeeeeeeeereeeeeeeevnnanns 379
SPECtrum:WAVeform:MAXIimum:DATA:YINCIremMeNnt?.......ceeeeeieerueeieeeeeeiieeeeeeeeeieeeeeeeevnnanes 379
SPECtrum:WAVeform:MINimum:DATAYINCrement?........cuueeeeiieeeee e e 379
SPECtrum:WAVeform:SPECtrum:DATA:YINCrement?........cccoeuuiiiieeeeiieeeeeeeeeeeeeeeeeeee e 379
SPECtrum:WAVeform:AVERage:DATA:Y ORIGIN?. . .uuiaaeeeeeeeeeeeeeeeeeeeeeeee e s 380
SPECtrum:WAVeform:MAXimumM:DATA: Y ORIGIN?.....uuueeaeieaeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeennnnnnnnnnas 380
SPECtrum:WAVeform:MINimum:DATA:YORIGIN?....cuvueieeeeeetiieeeeeeeeteseeeeeeenteeeeeseeranaeeaeees 380
SPECtrum:WAVeform:SPECtrUmM:DATA:YORIGIN? ... iiiiieiieeee ettt ee e eevtie e e e e e eetie e e e eeeaaa 380
SPECtrum:WAVeform:AVERage:DATA:YRESOIUtION?......ceeieieiieieeeeeeeeeeeeeeeeeeeeeeeveeevnen 380
SPECtrum:WAVeform:MAXimum:DATA:YRESOIUION?......coeeiiiieeeie e 380
SPECtrum:WAVeform:MINimum:DATA:YRESOIUtION?...... oo 380
SPECtrum:WAVeform:SPECtrum:DATA:YRESOIUtION?......cveeeeeieeeeeeeeeeeeeeeee e 380

SPECtrum:WAVeform:AVERage:DATA?
SPECtrum:WAVeform:MAXimum:DATA?
SPECtrum:WAVeform:MINimum:DATA?
SPECtrum:WAVeform:SPECtrum:DATA?

Returns the data of the indicated waveform points for transmission from the instrument
to the controlling computer. The waveform data can be used in MATLAB, for example.

Return values:
<Data> List of values

Usage: Query only

SPECtrum:WAVeform:AVERage:DATA:HEADer?
SPECtrum:WAVeform:MAXimum:DATA:HEADer?
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SPECtrum:WAVeform:MINimum:DATA:HEADer?
SPECtrum:WAVeform:SPECtrum:DATA:HEADer?

Returns information on the indicated waveform.

Return values:
<Header> StringData

Usage: Query only

SPECtrum:WAVeform:AVERage:DATA:POINts?
SPECtrum:WAVeform:MAXimum:DATA:POINts?
SPECtrum:WAVeform:MINimum:DATA:POINts?
SPECtrum:WAVeform:SPECtrum:DATA:POINts?

Returns the number of data samples that are returned with
SPECtrum:WAVeform:xxx:DATA for the indicated waveform.

Return values:
<DataPoints>

Usage: Query only

SPECtrum:WAVeform:AVERage:DATA:XINCrement?
SPECtrum:WAVeform:MAXimum:DATA:XINCrement?
SPECtrum:WAVeform:MINimum:DATA:XINCrement?
SPECtrum:WAVeform:SPECtrum:DATA:XINCrement?

Return the level difference between two adjacent samples of the indicated waveform.

Return values:
<Xincrement>

Usage: Query only

SPECtrum:WAVeform:AVERage:DATA:XORigin?
SPECtrum:WAVeform:MAXimum:DATA:XORigin?
SPECtrum:WAVeform:MINimum:DATA:XORigin?
SPECtrum:WAVeform:SPECtrum:DATA:XORigin?

Returns the frequency of the first sample of the indicated waveform.

Return values:
<Xorigin>

Usage: Query only

SPECtrum:WAVeform:AVERage:DATA:YINCrement?
SPECtrum:WAVeform:MAXimum:DATA:YINCrement?
SPECtrum:WAVeform:MINimum:DATA:YINCrement?
SPECtrum:WAVeform:SPECtrum:DATA:YINCrement?

Returns the voltage value per bit of the indicated waveform.
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Return values:
<Yincrement>

Usage: Query only

SPECtrum:WAVeform:AVERage:DATA:YORigin?
SPECtrum:WAVeform:MAXimum:DATA:YORigin?
SPECtrum:WAVeform:MINimum:DATA:YORigin?
SPECtrum:WAVeform:SPECtrum:DATA:YORigin?

Returns the vertical bit resolution of the indicated waveform.

Return values:
<Yorigin>

Usage: Query only

SPECtrum:WAVeform:AVERage:DATA:YRESolution?
SPECtrum:WAVeform:MAXimum:DATA:YRESolution?
SPECtrum:WAVeform:MINimum:DATA:YRESolution?
SPECtrum:WAVeform:SPECtrum:DATA:YRESolution?

Returns the vertical bit resolution of the indicated waveform.

Return values:
<Yresolution>

Usage: Query only

15.8.4 Spectrum Analysis (Option R&S RTB-K18)

L IS oo o Yo | =1 o o TS 380
@  Peak List SEttiNGS....uuuiiiiiiiiieie e 381
®  REfEreNCE MaArKET....coii ettt s e s seaereeeeean 383
®  Peak LiSt RESUILS.. ... 385
e Display Settings for Spectrum and Spectrogram..............ccceeeeiiiiiiiiieeeieieveieee. 387

15.8.4.1 Spectrogram

SPECtrum:SPECtrogram:RESet
Resets the current spectrogram and starts a new recording of information.

Usage: Event

SPECtrum:SPECtrogram:SCALe <LinesPerAcquisition>

Defines a zoom factor for the spectrogram.
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Parameters:

<LinesPerAcquisition>Range: 1
Increment: 1
*RST: 1

to 20

DISPlay:CBAR:SPECtrogram[:POSition] <DividerPosition>
Defines the position of the divide bar on top of the spectrogram.

Parameters:
<DividerPosition> Vertical position in pixel, measured from the top edge. The verti-
cal display size is 800 px.

Default unit: px

15.8.4.2 Peak List Settings

SPECtrum:MARKEINRTABIE:IENABIE. ... ...t aaas 381
SPECHUMIMARKEIMTENABIE]. .. et et e e e e e e et e e e e e aeeaenns 381
SPECHUMMARKEINSOURCE. ...tuuiiiiiiiiiie e ee ettt ee e e e e et s e e e eeataaesaeseatta e e eeeeannaseeeeeesnnnnss 381
SPECtrUmM:MARKErSETUDPIMMODE. .....uuuuiaaaieieee e e eeeeeeeeeeeeeeeeeeeeeeeennnnnsaasas e e e e e e asaaaaeees 382
SPECtUM:MARKENSETUPIMLEVEL c.cvuuiiiiieeeeiee ettt e et e e e e ena e 382
SPECtUM:MARKESETUP:DISTANCE. ..euuuieieeieitieieeeeeetieeee e ettt e e e s eebae e e e e eeeebaeeeeseesanannns 382
SPECtUM:MARKESETUP:EXCUISION. .....ceiveteeeeeieeteeeeeeeeeeee e e e e et e e e e eeeaaae s e e e eeebaaeeeeees 382
SPECtrum:MARKErNSETUP:IMWIDN. ..t e e e e eaas 382
SPECtrum:MARKer:REFerence:SETUP:CMPEAK.........ccuuuuieieeieiiiceieeeeeeiie e e e et eeeee s 382
SPECtrum:MARKer:REFerence:SETUP:CSCREEN......ccvvviuieiereiiiaaaaaae e e e e e e e eeeeaeeeeeeeeeeeeens 383

SPECtrum:MARKer:RTABle:ENABIe <ResultTable>
Shows the peak list.

Parameters:
<ResultTable> ON | OFF

*RST: OFF

SPECtrum:MARKer[:ENABIe]
Enables the usage of markers.

Parameters:
<MarkerEnable> ON | OFF

SPECtrum:MARKer:SOURce

Defines the waveform type that is searched for peaks.

Parameters:
<Source> SPECtrum | MINHold | MAXHold | AVERage
*RST: SPEC
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SPECtrum:MARKer:SETup:MMODe
Sets the mode for peak detection.

Parameters:
<MarkerMode> LONLy | ADVanced

LONLy

Level only: detects a peak when a certain minimum level is
exceeded. You can define the minimum level with SPECtrum:
MARKer : SETup:MLEVel.

ADVanced
Enables a more precise advanced peak definition.

SPECtrum:MARKer:SETup:MLEVel
Sets the minimum level for marker peak detection.

Parameters:
<MinimumLevel>

SPECtrum:MARKer:SETup:DISTance

Sets a distance between two subsequent peaks that has to be kept, for the peak to be
detected.

Parameters:
<Distance>

SPECtrum:MARKer:SETup:EXCursion

Sets a level difference between two subsequent peaks that has to be kept, for the peak
to be detected.

Parameters:
<Excursion>

SPECtrum:MARKer:SETup:MWIDth
Sets the maximum width, that a peak can have for it to be detected.

Parameters:
<MaximumWidth>

SPECtrum:MARKer:REFerence:SETup:CMPeak
Centers the display to the highest detected peak.

Usage: Event
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SPECtrum:MARKer:REFerence:SETup:CSCReen
Centers the display to the center frequency.

Usage: Event

15.8.4.3 Reference Marker

SPECtrum:MARKer:REFerence:SETUP:MODE.......ccoociiiiiiiieeeeeeiice ettt eeeeeenne e e e e eeaanns 383
SPECtrum:MARKer:REFerenCe:SETUPINDEX.....ccuuuiieeiiiiiiieeeeeeeeteeeeeeeerneeeeeeeeeraneeeeeeenes 383
SPECtrum:MARKer:REFerence:SETUP:FREQUENCY.........uuuuuaaieie e e e e e eeaeaeeeeeeeeeeeeeeeeaeennes 383
SPECtrum:MARKer:REFerence:SETUP:SPAN......coiiiii it ee e e e e e e 383
SPECHUM:MARKENRMARKEI?. ...cceeeiieie e ettt e e et tie e e e et s e e e e e eaae s e e s e ee e e e e eeaananeeas 384
SPECtrum:MARKer:RMARKEr:FREQUENCY ... uuuieaieieieeeeeeeeeeeeeeeeeeeeeeeeeeeetnneensne e e 384
SPECtrum:MARKErRMARKEILEVEI?......ccieeeeeeeeeeeeeeeteresss s st e e e e e e e e e e e e e eeeeeeeeeeeenenennnnas 384
SPECHUM:MARKENRMODE.......cceiiiieieieiieiiiieieaaieseeeeeaaaaaaeeeeeeeeaeasassssrnsnnnnnaaaaaseeaaaeas 384

SPECtrum:MARKer:REFerence:SETup:MODE
Sets the mode for the selection of the reference peak.

Parameters:
<ReferenceMode>  OFF | INDicated | RANGe

The reference marker is set to the peak with a specified index
number.

RANGe
The peak with the highest level within the selected range is set
as the reference marker.

SPECtrum:MARKer:REFerence:SETup:INDex

Sets the reference marker to the peak with the specified index, if SPECtrum:MARKer :
REFerence: SETup:MODE is set to INDicated.

Parameters:
<Referencelndex>

SPECtrum:MARKer:REFerence:SETup:FREQuency

Sets the center frequency for the capture range, if SPECtrum:MARKer :REFerence:
SETup :MODE is set to RANGe.

Parameters:
<ReferenceFrequency>

SPECtrum:MARKer:REFerence:SETup:SPAN

Sets the span range, the ratio of the capture range and the width of the specified refer-
ence mode, if SPECtrum:MARKer:REFerence: SETup: MODE is set to RANGe.
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Parameters:
<ReferenceSpan>

SPECtrum:MARKer:RMARker?
Returns the frequency and the level values of the present reference marker.

Return values:
<ReferenceFrequency>

<ReferencelLevel>

Usage: Query only

SPECtrum:MARKer:RMARker:FREQuency?
Returns the frequency of the reference marker.

Return values:
<ReferenceFrequency>

Usage: Query only

SPECtrum:MARKer:RMARker:LEVel?
Returns the level of the reference marker.

Return values:
<ReferencelLevel>

Usage: Query only

SPECtrum:MARKer:RMODe <ResultMode>

Defines the values that are shown in the peak list. You can use absolute values, or
delta values in comparison to the reference marker.

Parameters:
<ResultMode> ABSolute | FREQuency | LEVel | FLEVel

ABSolute
Frequency and magnitude in absolute values.

FREQuency
Frequency relative to the reference marker frequency, magni-
tude in absolute values.

LEVel
Frequency in absolute values, magnitude relative to the level of
the reference marker.

FLEVel
Frequency and magnitude relative to the reference marker val-
ues.
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15.8.4.4 Peak List Results

SPECHUM:MARKEIRCOUN?... ittt e ettt e e e e e et e e e e e et e e e e e eenaaaenas 385
SPECHtrUM:MARKENRESUISN>?. ..t e e e e 385
SPECtrum:MARKENRESUISNS I ALL? .. e e e e e eaas 385
SPECtrum:MARKerRESUSN>:ALL:IDELTA?. e ittt e et e e e e aaas 385
SPECtrum:MARKErRESURKN>IDELTA?....cuuiieeeieeeeeeee et e et e et e et e e e e e e e eeaaeees 386
SPECtrum:MARKer:RESUIt<N>FREQUENCY?....uutueuaaaieieie e e eeeeeeeeeeeeeeeeeeeeeeeeeeeneneneen s 386
SPECtrum:MARKer:RESUIt<n>:FREQUENCY:DELTA?....ccuucieieeieiiieieee et e e eeete e e eennaens 386
SPECtrumM:MARKErRESURKN>ILEVEI?.....cc ittt e e enb s 386
SPECtrum:MARKer:RESUIt<N>:LEVELDELTA?. ...t 387

SPECtrum:MARKer:RCOunt?
Returns the number of detected peaks.

Parameters:
<ResultCount>

Usage: Query only

SPECtrum:MARKer:RESult<n>?
Returns the frequency and level values of the n-th marker.

Suffix:
<n> *

Return values:
<ResultFrequency>

<ResultLevel>

Usage: Query only

SPECtrum:MARKer:RESult<n>:ALL?
Returns a list of all marker with the corresponding frequency and level values.

Suffix:
<n> *

Return values:
<ResultValues> List of numeric values with shape <freq>,<level>,....

Usage: Query only

SPECtrum:MARKer:RESult<n>:ALL:DELTa?

Returns the delta frequency and delta level, the difference between the freqeuncy/level
of the specified marker and the freqeuncy/level of the reference marker.
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Suffix:

<n> *

Return values:
<ResultValues> List of numeric values with shape <freq>,<level>,....

Usage: Query only

SPECtrum:MARKer:RESult<n>:DELTa?

Returns the difference in the values between the n-th marker and the reference

marker.

Suffix:

<n> *

Usage: Query only

SPECtrum:MARKer:RESult<n>:FREQuency?
Returns the frequency of the n-th marker.

Suffix:
<n> *

Return values:
<ResultFrequency>

Usage: Query only

SPECtrum:MARKer:RESult<n>:FREQuency:DELTa?

Returns the delta frequency, the difference between the frequency of the specified
marker and the level of the reference marker.

Suffix:

<n> *

Return values:
<ResultFrequencyDifference>

Usage: Query only

SPECtrum:MARKer:RESult<n>:LEVel?
Returns the level of the n-th marker.

Suffix:
<n> *

Return values:
<ResultLevel>

Usage: Query only
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SPECtrum:MARKer:RESult<n>:LEVel:DELTa?

Returns the delta level, the difference between the level of the specified marker and
the level of the reference marker.

Suffix:
<n> *

Return values:
<ResultLevelDifference>

Usage: Query only

15.8.4.5 Display Settings for Spectrum and Spectrogram

SPECtrum:FREQuency:BANDwidth[:RESOIUtION]:AUTO.....coiiiiiiiiieeeeeeice e ee e 387
SPECtrum:DIAGram:COLor:MAGNItUde:MODE........ccoiiiiiiiiieccccc e 387
SPECtrum:DIAGram:COLor:MAXIMUM[:LEVEI].....ccii et 387
SPECtrum:DIAGram:COLor:MINIMUM[LEVEI]...uuuieiieeeieie et 388
SPECtrum:DIAGram:COLor:SCHemME:FDOMAIN........cciiiiiiiiiieeeeeeiiiiee e e e e e e e e e e e e e eeees 388
SPECtrum:DIAGram:COLor:SCHeme:SPECHrOgram............ccuveveeeeeeeeeeeininnnnnaeaaaaaaeeeeeeeens 388
SPECtrum:DIAGram:SPECtrogram[:ENABIE]........cutuieieeeeiitiieieeeeetiieeeeeeeere e e e e eeernneeeeeeees 388

SPECtrum:FREQuency:BANDwidth[:RESolution]:AUTO <AutoSpanRBWratio>

Enables the auto resolution bandwidth mode. In the auto mode "Span": "RBW" ratio of
~1:100 is set.

Parameters:
<AutoSpanRBWratio>ON | OFF

*RST: ON

SPECtrum:DIAGram:COLor:MAGNitude:MODE <MagnitudeMode>
Enables the magnitude coloring of the waveform.

Parameters:
<MagnitudeMode> ON | OFF

SPECtrum:DIAGram:COLor:MAXimum[:LEVel] <MaximumLevel>

Sets the level used as a maximum of the color scale selected with SPECtrum:
DIAGram:COLor:SCHeme:SPECtrogram/SPECtrum: DIAGram:COLor:SCHeme:
FDOMain.

All level values lower than the minimum are displayed with the minimum color.

Parameters:
<MaximumLevel>
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SPECtrum:DIAGram:COLor:MINimum[:LEVel] <MinimumLevel>

Sets the level used as a minimum of the color scale selected with SPECtrum:
DIAGram:COLor:SCHeme:SPECtrogram/SPECtrum: DIAGram:COLor: SCHeme:
FDOMain.

All level values lower than the minimum are displayed with the minimum color.

Parameters:
<MinimumLevel>

SPECtrum:DIAGram:COLor:SCHeme:FDOMain <ColorScheme>
Sets the color scale for the display of the waveform in the frequency domain diagram.

Parameters:
<ColorScheme> MONochrome | TEMPerature | RAINbow

SPECtrum:DIAGram:COLor:SCHeme:SPECtrogram <ColorScheme>
Sets the color scale for the display of the spectrogram.

Parameters:
<ColorScheme> MONochrome | TEMPerature | RAINbow

SPECtrum:DIAGram:SPECtrogram[:ENABIle] <Enable>
Enables the display of the spectrum diagram.

Parameters:
<Enable> ON | OFF

15.8.5 XY-Waveforms

DISPIAY:IMODE..... ettt ettt et e e e et et e e et e et e ea e et e e e eaaeea e e e annaeeanns 388
DL ISY o Y0 0 65T @ L o Y 389
DISPIAYXY Y TSOUICE. ..ceeeieiieiiitntut i aaaaaaaaeeeeeeeeaaeaeeeeeeeeeeeaeeenentnsnnn e aaanaeeaeeaeaaaeaaeeeeeeennnes 389
DISPIAY:XY Y 2S0UICE...ceeiteeirteuturnnnnaaaaaaeseseeeeaaeaeteeeeeeeeraeeeesnsnsnnnnnnaasnseeaesaeaaaaeeeeeeemmmnnes 389

DISPlay:MODE <Mode>

Sets the diagram mode.

Parameters:
<Mode> YT | XY
YT
Default time diagram with a time axis in x-direction and the sig-
nal amplitudes displayed in y-direction.
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XY
XY-diagram, combines the voltage levels of two waveforms in
one diagram.

*RST: YT

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 RTB2000
oscilloscopes.

*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 RTB2000
oscilloscopes.

*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 RTB2000 instruments.

Parameters:
<Source> NONE | CH1 | CH2 | CH3 | CH4

*RST: NONE

15.8.6 Digital Voltmeter

The DVM suffix <m> sets the number of the DVM measurement (measurement place).

DVM<SMZ I EN ABIE. ettt et e et 389
DVMSMZISOURCE. ..ttutuuiiieieieie ettt ee e e e e e e et eeeeeeeeete e eae b aaaeseseeeasaaaaaaeeesereeeeesnesrsssnnnnnnan 390
DAY g e I e N 390
DVM<M>: RESUR L ACTUAI 2. e e et r e e e e e e e e et e e e e e e e eneans 390
DVM<m>:RESUR:ACTUAI:STATUS?. et eettueeeeeeeitie s e e e eeetneeseeseeetaeseeesanna s eeeeensnnaaeeeeeensanns 391

DVM<m>:ENABIe <VoltmeterEnable>

Enables and disables all configured meter measurements.
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Suffix:
<m> 1.4
The suffix is irrelevant.
Parameters:
<VoltmeterEnable> ON | OFF

*RST: OFF

DVM<m>:SOURce <Source>

Selects an analog channel as the source of the selected meter measurement.

Suffix:
<m> 1.4
Sets the number of the meter measurement.
Parameters:
<Source> CH1 | CH2 | CH3 | CH4

CH3 and CH4 are only available with 4-channel instruments.

DVM<m>:TYPE <MeasurementType>
Sets the measurement type for the indicated DVM measurement.

Set OFF to disable the measurement.

Suffix:
<m> 1.4

Sets the number of the meter measurement.
Parameters:

<MeasurementType> DC | ACDCrms | ACRMs | OFF

DC: mean value of the signal

ACDCrms: RMS value of the signal (AC+DC RMS)

ACRMs: RMS value of the signal's AC component (AC RMS)
OFF: disables the selected meter measurement.

*RST: OFF

DVM<m>:RESult[:ACTual]?

Returns the current value of the selected meter measurement.

Suffix:
<m> 1.4
Sets the number of the meter measurement.
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15.8.7

Example:

Usage:

Remote Control Commands

DVM2 : SOUR CH2

DVM2 : TYPE DCRMs

DVM2 :RES?

<-- 7.089E-01

An RMS measurement is performed on measurement place 2,
on channel 2. The result is 708.9 mV.

Query only

DVM<m>:RESult[:ACTual]:STATus?

Returns the result value and the status of the result.

The status is the decimal representation of a 4-bit register value:
® Bit0=1:resultis valid
® Bit1=1:no result available

® Bit2 = 1: clipping occurs
® Bit 3 = 1: no period found

Suffix:
<m>

Return values:
<CurrentValue>

1.4
Sets the number of the meter measurement.

Measured value

<Status> Decimal status value
Example: DVM: SOUR CH1
DVM:TYPE MEAN
DVM:RES:STAT?
<-- 4.968E-01,5
The result value of the mean measurement on channel 1 is
496.1 mV. The result status is 5 (decimal) = 0101 (binary). That
means, the result is valid (bit 0 = 1), and the signal is clipped by
the limits of the ADC range (bit 3 = 1).
Usage: Query only
Trigger Counter
QLIOT @ TN Tt = NN =R 391
TCOUNEISOURCE. .. i iiei e i i e e e et e e e ettt e s e s e e e e e eaaaaaaeeeeeeeeeeeeaeaeseasnsnnnnnnnnnns 392
TCOuNter:RESUR[:ACTUAI:FREQUENCY 2...uuiiiiieeiiieeeee ettt e e e e e eeaeiee e e e e eebs e e e e eeanae e e e e e eeannns 392
TCOunter:RESUIt[:ACTUAIJ:PERIOA?. . ... ettt et e e e e e 392
TCOunter:ENABIle <Enable>
Enables or disables the trigger counter measurements.
391
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15.8.8

15.8.8.1

Remote Control Commands

Parameters:
<Enable> ON | OFF

TCOunter:SOURce
Sets the measurement source for the counter.

Parameters:
<CounterSource> CH1 | CH2 | CH3 | CH4 | TRIGger

TRIGger: Trigger source
*RST: TRIG

TCOunter:RESult[:ACTual]:FREQuency?
Returns the frequency of the trigger source.

Return values:
<FrequencyValue> Default unit: Hz

Usage: Query only

TCOunter:RESult[:ACTual]:PERiod?
Returns the period of the trigger source.

Return values:
<PeriodValue> Default unit: s

Usage: Query only

Bode Plot (Option R&S RTB-K36)

Bode Plot Setup

BPLOEENABIE. ... ceuiitieiee ettt e e et e et e e e e ea e e e e e e aeaanas
BPLot:AMPLitude:PROFil€:COUNL.....cuiiiiiii e eae e e
BPLot:AMPLitude:PROFile:POINt<n>:AMPLitude.........cccceeeeririiiieiieeeeennnee,
BPLot:AMPLitude:PROFile:POINt<n>:FREQUENCY........cccevemiiiniieiieeeeenen
BPLOt:AMPLItUDE:MODE........ et e e eeas
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] o o = == 395
L] I = Y=Y 395
[ o I oh S 7 =T 395

BPLot:ENABIe
Enables the Bode plot diagram.

Parameters:
<PlotEnable> ON | OFF

*RST: OFF

BPLot:AMPLitude:PROFile:COUNt
Sets the number of different points that you can define for the amplitude profile.

Parameters:

<NumberOfPoints> Range: 2
Increment: 1
*RST: 4

to 16

BPLot:AMPLitude:PROFile:POINt<n>:AMPLitude
Sets the amplitude of the specified point of the amplitude profile.

Parameters:
<AmplitudeMode>

BPLot:AMPLitude:PROFile:POINt<n>:FREQuency
Sets the frequency of the specified point of the amplitude profile.

Parameters:
<Frequency>

BPLot:AMPLitude:MODE

Sets the amplitude mode.

Parameters:

<AmplitudeMode> CONStant | PROFil

CONStant
In the amplitude constant mode, there is a fixed amplitude for all
frequencies.

PROFil
In the amplitude profile mode, you can define different ampli-
tudes for different frequency.

*RST: CONS
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BPLot:FREQuency:DATA?
Returns the data of the frequency waveform.

Parameters:
<FrequencyData>

Usage: Query only

BPLot:FREQuency:STARt
Sets the start frequency of the sweep for the Bode plot.

Parameters:

<StartFrequency> Range: 10 to 25e6
Increment: 1
*RST: 100

BPLot:FREQuency:STOP
Sets the stop frequency of the sweep for the Bode plot.

Parameters:

<StopFrequency> Range: 10 to 25e6
Increment: 1
*RST: 1e6

BPLot:INPut[:SOURCce]
Selects the channel for the input signal of the DUT.

Parameters:
<InputSource> CH1 | CH2 | CH3 | CH4

*RST: CH1

BPLot:MEASurement:DELay

Sets a time delay, that the system waits before measuring the next point of the bode

plot.

Parameters:

<MeasDelay> Range: 0 to 10.0
Increment: 0.01
*RST: 0

BPLot:MEASurement:POINt[:DISPLAY]
Enables the display of the measurement points in the bode plot.

Parameters:
<PointDisplay> ON | OFF
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15.8.8.2

Remote Control Commands

BPLot:OUTPut[:SOURCce]
Selects the channel for the output signal of the DUT.

Parameters:
<OutputSource> CH1|CH2 | CH3 | CH4

*RST: CH2

BPLot:POINts:LOGarithmic
Sets the number of points per decade that are measured.

Parameters:

<PointsPerDecade> Range: 10 to 500
Increment: 1
*RST: 10

BPLot:REPeat

Repeats the measurement, using the same parameters.

Parameters:
<RepeatedMeasuremedit| OFF

*RST: OFF
BPLot:RESet

Deletes all test results.

Usage: Event

BPLot:STATe
Starts the Bode plot measurement.

Parameters:
<PlotState> RUN | STOP

*RST: STOP

Bode Plot Diagram Settings

(2] WL 7N |\ B AN N S
BPLOt:GAIN:ENABIE......ie et e et e et e et e e e e e e e e eanas
BPLOt:GAIN:POSIHION. ...ttt e e e e eas
BPLOtIGAINISCALE. . et et e et s e e e e e enns
BP Ot PHASE D AT A e et ettt r e e r e e e e e e aaeans
BPLOUPHASEENABIE? ... ettt et e e e e e ees
BPLOt:PHASE:POSIION?. . i
BPLOt PHASE:SCALE ... ittt et e e e e e e e ea e eaaaas
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BPLOt:AMPLItUAE:ENABIE......eeietiiiiiiie et a e e
BPLOt:AMPLItUAE:POSIHION. ....eniieiie et eaas
BPLOEAMPLItUAE:SCALE...c..veieeeee et eaas

BPLot:GAIN:DATA?
Returns the data of the gain waveform.

Parameters:
<GainData>

Usage: Query only

BPLot:GAIN:ENABIe
Enables the gain waveform for the Bode plot.

Parameters:
<Enable> ON | OFF

*RST: ON

BPLot:GAIN:POSition

Sets the vertical position of the gain waveform in divisions.

Parameters:

<WaveformPosition> Range: -20.0 to 20.0
Increment: 0.1
*RST: 3.0

BPLot:GAIN:SCALe
Sets the vertical scale for the gain waveform.

Parameters:

<WaveformScale>  Range: 0.1 to 20.0
Increment: 0.1
*RST: 20.0

BPLot:PHASe:DATA?
Returns the data of the phase waveform.

Parameters:
<PhaseData>

Usage: Query only

BPLot:PHASe:ENABIe?

Enables the phase waveform for the Bode plot.
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Parameters:

<Enable> ON | OFF
*RST: ON

Usage: Query only

BPLot:PHASe:POSition?

Sets the vertical position of the phase waveform in divisions.

Parameters:

<WaveformPosition> Range: -20.0 to 20.0
Increment: 0.1
*RST: 0.0

Usage: Query only

BPLot:PHASe:SCALe?
Sets the vertical scale for the phase waveform.

Parameters:

<WaveformScale>  Range: 0.1 to 45.0
Increment: 0.1
*RST: 45.0

Usage: Query only

BPLot:AMPLitude:ENABIe
Enables the amplitude waveform for the Bode plot.

Parameters:
<Enable> ON | OFF

*RST: OFF

BPLot:AMPLitude:POSition

Sets the vertical position of the amplitude waveform in divisions.

Parameters:

<WaveformPosition> Range: -10.0 to 10.0
Increment: 0.1
*RST: -5.0

BPLot:AMPLitude:SCALe

Sets the vertical scale for the amplitude waveform.
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15.8.8.3

Remote Control Commands

Parameters:

<WaveformScale>  Range: 0.1 to 2.0
Increment: 0.001
*RST: 1.0

Marker Table

BPLot:MARKer<m>:DIFFerence:FREQ?.....ccoveuiiuiiiiii e eaas
BPLot:MARKer<m>:DIFFerenCe:GAIN?......cccieiieiei et
BPLot:MARKer<m>:DIFFerence:PHASE?.....c.coviiiiiiiii e
BPLot:MARKer<m>:FREQUENCY.....c.cciiuiieiieiiiiiiiieieee et e e e e
BPLOEMARKEr<M>IGAINT?. .. et e et e e e e e e ea e e eaaas
BPLOt:MARKEIr<M>IINDEX. ... ciuiiiiiieiieei et e e et e e e e
BPLOt:MARKEIr<KM>:PHASE? ...t
BPLOt:MARKEr<mM>:SSCREEN.....cuiiuiiiiiiii e e e e e e e

BPLot:MARKer<m>:DIFFerence:FREQ?

Returns the delta value of the frequency between the two markers.

Suffix:
<m> 1.2
The suffix is irrelevant.
Parameters:
<FrequencyDifference>
Usage: Query only

BPLot:MARKer<m>:DIFFerence:GAIN?

Returns the delta value of the gain between the two markers.

Suffix:
<m> 1.2
The suffix is irrelevant.
Parameters:
<GainDifference>
Usage: Query only

BPLot:MARKer<m>:DIFFerence:PHASe?

Returns the delta value of the phase between the two markers.

Suffix:
<m> 1.2
The suffix is irrelevant.
Parameters:
<PhaseDifference>
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Usage: Query only

BPLot:MARKer<m>:FREQuency
Returns the frequency for the specified marker.

Suffix:
<m> 1.2

Parameters:
<MarkerFrequency>

BPLot:MARKer<m>:GAIN?

Returns the gain for the specified marker.

Suffix:
<m> 1.2

Selects the marker number.
Parameters:

<PhaseValue>

Usage: Query only

BPLot:MARKer<m>:INDex

Returns the index for the specified marker.

Suffix:
<m> 1.2
Selects the marker number.
Parameters:
<Index>

BPLot:MARKer<m>:PHASe?

Returns the phase value for the specified marker.

Suffix:
<m> 1.2
Selects the marker number.
Parameters:
<GainValue>
Usage: Query only

BPLot:MARKer<m>:SSCReen

Resets the marker to their initial positions. This is helpful if the markers have disap-
peared from the display or need to be moved for a larger distance.
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Suffix:
<m> 1.2
Usage: Event

15.9 Documenting Results

This chapter describes commands on how to transfer data from the instrument to a
computer, how to export data to file, how to print and save screenshots, and how to
manage measurement settings.

o Transfer of Waveform Data..........cc..uuiiiiiiiiiii e 400
o Waveform Data EXport t0 Fil€........ouuuiiiiiiiiieie e 412
L S T Y= 11 T ] £ SRR 413
e Instrument Settings: Mass MEMomory Subsystem.........ccccoocieiiiiiiieene e 414

15.9.1 Transfer of Waveform Data

This chapter describes data transfer commands that have effect on other commands in
different applications of the instrument, and transfer commands that work in the same
way.

15.9.1.1 Format Settings

FORMEIDATA e eeeeeeeeeeeeeeeeeeeseseee et enseseseseeeeeeeeeeeseseseeeesesneseseeeseeseesesesestenesenneeeeeenens 400
ROy FoT =@ LY 402

FORMat[:DATA] <DataFormat>,<Accuracy>
Defines the format for data export with

® CHANnel<m>:DATA? on page 402

® CHANnel<m>:DATA:ENVelope? on page 404
® CALCulate:MATH<m>:DATA? on page 406

® REFCurve<m>:DATA? on page 407

Parameters:

<DataFormat> ASCii | REAL | UINTeger
ASCii
List of values, for example, 1.23,1.22,1.24,.. File format for
waveform export is TXT.
<Accuracy> is 0 which means that the instrument selects the
number of digits to be returned. The query returns ASC,0.
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REAL

Binary format. <Accuracy> is 32. The query returns REAL,32.
File format for waveform export is FLT.

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 of the following number (= 4 in the exam-
ple)

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. File format for
waveform export is BIN.

The data range for UINT, 8 is 0 to 255, the data range for
UINT, 16 is 0 to 65.535 and for UINT, 32 is 2%2 - 1.

The schema of the result string is the same as for REAL format.
For data conversion, you need the results of following com-

mands:
...: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 15.2.1.4, "Read-
ing Waveform Data in Unsigned Integer Format", on page 282.
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).

Ccsv

Only for waveform export in CSV files. List of comma-separated
values, for example, 1.23,1.22,1.24,..

<Accuracy> is 0 which means that the instrument selects the
number of digits to be returned. The query returns CSV,0.

*RST: ASC

<Accuracy> 0]8]16]32

Length of a data value in bit
0 - for ASC only

32 - for REAL

816 | 32 - for UINT

*RST: 0

Example: Set the ASCII data format:
FORM ASC

Example: Query for data format:
FORM?
-> ASC, 0
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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: Reading Waveform Data in Real Format
ByteOrder 8 bit 16 bit 32 bit
MSBF Oxab 0xAB CD 0xAB CD 00 00
LSBF not relevant 0xCD AB 0x00 00 CD AB

15.9.1.2 Analog Channels

(07 2 T N T R g b 0 A U 402
CHANNEISM> DATAHEADEI?.....c.c e cteetteeeetee e e e e e se e et e eeeeeaaaeessessantssseaeeeeaaaeeessanannnsenns 403
CHANNEISM>:DATAIPOINES....ceteeeeeeeeeieieittteeresrase s e e e e e eaaeaeteeeeeeeeeeeeesrnreranaan i aaaseeaeaeas 403
CHANNEISM>DATAENVEIOPE?. ... eeeteie ettt e ettt e e et ee e e e e e e et e e e e e eaaba e eesensananns 404
CHANNEI<M>:DATA:ENVEIOPEIHEADEI?.....uu i eeeeeeeeeeeeeeeetee e e e e et e e e e e et e e e e eeenaaeeeeaeees 405

CHANnel<m>:DATA?

Returns the data of the analog channel 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 400.
To set the range of samples to be returned, use CHANnel<m>:DATA: POINts.
For envelope waveforms, use the CHANnel<m>:DATA:ENVelope? command.

Suffix:

<m> 1.4
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
recorded waveform samples.
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Example: FORM ASC
CHAN1 : DATA?
-0.125000,-0.123016,-0.123016,-0.123016,
-0.123016,-0.123016, ...

Example: See Chapter 15.2.1.3, "Reading Waveform Data in Real For-
mat", on page 282 and Chapter 15.2.1.4, "Reading Waveform
Data in Unsigned Integer Format", on page 282

Usage: Query only

CHANnel<m>:DATA:HEADer?

Returns information on the channel waveform. For envelope waveforms, use the
CHANnel<m>:DATA:ENVelope:HEADer? command.

Table 15-1: 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 120000

4 Number of values per sample interval, usually 1. 1
Suffix:
<m> 1.4

Selects the input channel. The number of channels depends on
the instrument.

Parameters:
<DataHeader> Comma-separated value list

Example: -9.477E-008,9.477E-008,120000, 1
Usage: Query only

CHANnNel<m>:DATA:POINts <PointSelection>

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.

Depending on the current settings, the memory can contains more data samples than
the screen is able to 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 only be changed in STOP mode. If the acquisition is run-
ning, DEF is always used automatically. If the acquisition has been stopped, data can
be read from the memory, and all settings are available.
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Suffix:
<m> 1.4
The command affects all channels, and the suffix is irrelevant.

Setting parameters:

<PointSelection> DEFault | MAXimum | DMAXimum
Sets the range for data queries.
DEFault
Waveform points that are visible on the screen. At maximum
waveform rate, the instrument stores more samples than visible
on the screen, and DEF returns less values than acquired.
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
waveform record but only for the displayed time range. At maxi-
mum 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 15.2.1.3, "Reading Waveform Data in Real For-
mat", on page 282

CHANnel<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].

To set the range of samples to be returned, use CHANne 1 <m>:DATA: POINts.
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Suffix:

<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<EnvelopeData> List of values according to the format settings - the voltages of
the envelope points. The list contains two values for each sam-
ple 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?.

Table 15-2: Header data

Position Meaning Example
1 XStartins -9.477E-008 = - 94,77 ns
2 XStop in s 9.477E-008 = 94,77 ns
3 Number of samples 120000
4 Number of values per sample interval. For envelope | 2
waveforms the value is 2.

Suffix:

<m> 1.4
Selects the input channel. The number of channels depends on
the instrument.

Parameters:

<EnvelopeHeader> Comma-separated value list
Example: -9.477E-008,9.477E-008,200000, 2

Usage: Query only

15.9.1.3 Math Waveforms

In addition to the commands described below, consider also the following commands:
® (CALCulate:MATH<m>:DATA:XINCrement? on page 410

® CALCulate:MATH<m>:DATA:XORigin? on page 409

® (CALCulate:MATH<m>:DATA:YINCrement? on page 411

® CALCulate:MATH<m>:DATA:YORigin? on page 410

® (CALCulate:MATH<m>:DATA:YRESolution? on page 411
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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 400.

Suffix:
<m> 1.5

Return values:
<Data> List of values according to the format settings - voltages, or
magnitudes of a spectrum.

Usage: Query only

CALCulate:MATH<m>:DATA:HEADer?

Returns information on the math waveform.

Table 15-3: 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 120000

4 Number of values per sample interval, usually 1. 1
Suffix:
<m> 1.5

Return values:
<Header> Comma-separated value list

Example: -9.477E-008,9.477E-008,120000,1

Usage: Query only

CALCulate:MATH<m>:DATA:POINts?

Returns the number of data samples that are returned with CAL.Culate :MATH<m>:
DATA?.

Suffix:
<m> 1.5
Selects the math waveform.

Return values:

<DataPoints> Number of data points
Usage: Query only
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15.9.1.4 Reference Waveforms

Remote Control Commands

In addition to the commands described below, consider also the following commands:

® REFCurve<m>:DATA:XINCrement? on page 410

® REFCurve<m>:DATA:XORigin? on page 409

® REFCurve<m>:DATA:YINCrement? on page 411

® REFCurve<m>:DATA:YORigin? on page 410

® REFCurve<m>:DATA:YRESolution? on page 411

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 400.

Suffix:
<m>

1.4

Selects the reference waveform, the internal reference storage.

Return values:

<Data>

Usage:

List of values according to the format settings.

Query only

REFCurve<m>:DATA:HEADer?

Returns information on the reference waveform.

Table 15-4: Header data

Position Meaning Example
1 XStartin s -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> 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
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15.9.1.5 Masks

In addition to the commands described below, consider also the following commands:
® MASK:DATA:XINCrement? on page 410

® MASK:DATA:XORigin? on page 409

® MASK:DATA:YINCrement? on page 411

® MASK:DATA:YORigin? on page 410

® MASK:DATA:YRESolution? on page 411

MASK:DATA?
Returns the data of the mask. The mask consists of two limit curves.
To set the export format, use FORMat [ : DATA] on page 400.

Return values:

<Data> List of values according to the format settings - the y-values of
the mask points. The list contains two values for each sample
interval.

Usage: Query only

MASK:DATA:HEADer?
Returns information on the mask data that is delivered with MASK : DATA?.

Table 15-5: 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 masks 2
the value is 2.

Return values:
<DataHeader> Comma-separated value list

Example: -9.477E-008,9.477E-008,200000, 2

Usage: Query only

15.9.1.6 Logic Channels

See Chapter 15.12.1.3, "Logic Channels - Waveform Data", on page 501
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15.9.1.7 Parameters for Data Evaluation

To analyze waveform data, you need some parameters, which are queried using the
following commands.

CHANNEISM> DATAXORIGIN? 1t i eeeettee e ettt ee e e e ettt ee s e eeeeeta e e eeseeataaeeeseesntaeeaesenrnnnnnns 409
CHANNel<m>:DATA:ENVEIOPE: XORIGIN?....ceieieieeeeeeeee et se s e e e e e e e aaaeaaaaeeeens 409
CALCulate:MATH<M>:DATA: XORIGIN?. .. ettt et e e e e e e e enas 409
MASK:DATA I XORIGIN? .. ettt ettt ettt et e et e et et e e e e e e e e e e n e e e e eeaaeaanas 409
LOGICKP DATAXORIGIN. e+ eeveeee e eeeerereeeeseseeeeseseseeseseseseeseseseeeeseseseeseseseseeseseseesesesesesens 409
DIGital<m>:DATA:XORIGINT...eettuuuuuununaaaaaaaeeeeeeeaeaaaeteteeeeeerereaeensnsnnnnaaaaseeeeeeeaaaaaeerermeenn 409
REFCUNVE<M>:DATAXORIGIN?....cieieieieeeeeeeretritit e esaeaeseseeeeeesasaassesesereeeeeserssrrrarasanaanannns 409
CHANNEI<M>:DATAXINCIEMENL?.....cceeeeeeeeeeeeeeeeeeete s se s e s e e e e e e eaaeeeeeeeeeeeeaeeesenennnnnnnnnn 410
CHANNel<m>:DATA:ENVEIope: XINCIremMENt?......cccoeviiiieeeieiiiiee e eeeeetie e e e e et e e e e eeaaaaeeaes 410
CALCulate:MATH<mM>:DATAXINCIEMENT?....uuuiieiieeieiiee e e e eeeiee e e e e et e e e e eeeaee e e e e eera e eeees 410
MASK:DATAIXINCIEMENT . ..ttt e et e e e e e s e e et e e e e e e e e e e eerenaennean 410
LOGIC<p>:DATAXINCIEMENL?....ceieeeeeeieeeeeeeeeieieteet e e ae e e e e e e e e e e e e aeeeeeeeeeeneeennennnnnnnaaans 410
DIGital<m>:DATAXINCIEMENE?......cieeeeeeteee et ee e e et e et e e e e et e e e eaeee et e eeeneeeenneeeees 410
REFCUrve<m>:DATA:XINCIEMENE?....cutuieeeeeeiitieeeeeeeetie e e e e e eeatiee e e e e eeate e e e e eeeraaeeeeeesnranens 410
CHANNEISM> DATAY ORIGIN 1t ieeeeetiee e eeeeeeteee e e e ettt e e e e e eeta e e eeeeeataaeeeseesntaaeaesenrannnnns 410
CHANNel<m>:DATAENVEIOPE:Y ORIGIN?...ieieieieeeeeeeeeeeeeeeeeeeeeeette s s e s e e e e e e e aaaaaaeeeeeens 410
CALCulate:MATH<M>:DATA:YORIGIN?. .. ettt ettt e e e e e e eaas 410
MASK:DATAY ORIGIN?. . ettt ettt e e e et et e et e et e e ea e en e e e e eenaeaa s 410
LOGICKP>:DATAIY ORIGIN?. .. etetaaaaaae e e e e e eeeeeaeeeteeeeeeeeeaeeeeanennanaaaaaeaeeeeeaaaaaaaeeaeeeeeeannnnens 410
DIGItal<M>:DATA:YORIGIN?...evvturtuturitiiiiaieieteeeeeeeeeeeteeeereeeerrrsrtarer——————— e eeeeaeasaeseeserereen 410
REFCUVE<M>:DATA:Y ORIGIN?.cettuieteeiittieeieeeeetttaeseeeeetteaeeeeestntaseeesestanaeeeeesstaaeaesessnnns 410
CHANNEI<KM>:DATAYINCIEMENL?......ceeeeeiee ettt se s e e s e s e e e e eaeeeeeeeeeeeeeeeeesassnrnnnnaaan 411
CHANNel<m>:DATA:ENVEIOPE:YINCIEmMEN?.....ccceevereeeeeieeteee e et e e e eeeee e e e e e eeaee e eeeeees 411
CALCulate:MATH<mM>:DATA:YINCIemMENT?......oeiiiiiiieieitceeieeeie e e e e e eeeeeeeeeeeeeeeeeeeeeseaeanananas 411
Y NS Y S N I N =Y 0 T=T o | 411
LOGIC<P>:DATAYINCIEMENT?....ceeeeeeeeieeeeeeeeeieieeteteeasaae s e e e e e e e eeaeaeeeeeeeeeeneeeesensnnnnnnnaens 411
DIGItal<mM>:DATA:YINCIEMENE?. . .cieieeieeeeeeeeeeeeeeeeeeeeeee et b eeeeaeseseeeeeaeaasaseesereeeeessssreres 411
REFCUNVE<M>:DATA:YINCIEMENE?. . euutieieeieieieee e e e e eeeeeeeeee e eeeeeee et s e e e e e e e e aaaaaaaaeees 411
CHANNEISKM>:DATAYRESOIULION?....utitieieieieieeeeeeeeeeeeeeeeeeeeeeeaeaes e sese e e e e e eaeaaaaaaaeaneens 411
CHANnNel<m>:DATA:ENVEIOPe:YRESOIUON?....uueieeeieereeeee e eee et eeeee e e e e e 411
CALCulate:MATH<mM>:DATA:YRESOIUtION?.....ce e eaas 411
MASK:DATAIY RESOIULION? ... eieeieeee et e e et e e e et et e e e e e ea e ea e e s e ene et eeneennen 411
LOGIC<P>:DATA:YRESOIUION?....tuteuaaaeieeeeeeeeeeeeeeeeseeeeeeeeeaneesessnsnnaaaaaaeseeeesaaaaaaaeeeeeeneees 411
DIGital<m>:DATA:YRESOIULION?.....cciieitii e e et eee et e e e e ee e e e e e e et e e e e e e e aane e e e e e eeranans 411
REFCUrve<m>:DATA:YRESOIULION?......ciiiieeeeeeieieiiiitecesessse e e e e e e e e eaeeeeeseeeeeeeeeeeeeeenennnnanan 411

CHANnel<m>:DATA:XORigin?
CHANnNel<m>:DATA:ENVelope:XORigin?
CALCulate:MATH<m>:DATA:XORigin?
MASK:DATA:XORigin?
LOGic<p>:DATA:XORigin?
DIGital<m>:DATA:XORigin?
REFCurve<m>:DATA:XORigin?

Return the time of the first sample of the indicated waveform.
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The commands are relevant for data conversion if binary data format is defined
(FORM UINT, 8]16]32).

Suffix:
<m> 1.4

Return values:
<Xorigin> Timeins

Example: See Chapter 15.2.1.4, "Reading Waveform Data in Unsigned
Integer Format", on page 282

Usage: Query only

CHANnel<m>:DATA:XINCrement?
CHANnNel<m>:DATA:ENVelope:XINCrement?
CALCulate:MATH<m>:DATA:XINCrement?
MASK:DATA:XINCrement?
LOGic<p>:DATA:XINCrement?
DIGital<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).

Suffix:
<m> 1.4

Return values:
<Xincrement> Timeins

Example: See Chapter 15.2.1.4, "Reading Waveform Data in Unsigned
Integer Format", on page 282

Usage: Query only

CHANnNel<m>:DATA:YORIigin?
CHANnel<m>:DATA:ENVelope:YORigin?
CALCulate:MATH<m>:DATA:YORigin?
MASK:DATA:YORigin?
LOGic<p>:DATA:YORIigin?
DIGital<m>:DATA:YORigin?
REFCurve<m>:DATA:YORIigin?

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, 81]16]32).

Suffix:
<m> 1.4
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Return values:
<Yorigin> Voltage in V

Example: See Chapter 15.2.1.4, "Reading Waveform Data in Unsigned
Integer Format", on page 282

Usage: Query only

CHANnel<m>:DATA:YINCrement?
CHANnNel<m>:DATA:ENVelope:YINCrement?
CALCulate:MATH<m>:DATA:YINCrement?
MASK:DATA:YINCrement?
LOGic<p>:DATA:YINCrement?
DIGital<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).

Suffix:
<m> 1.4

Return values:
<Yincrement> Voltage in V

Example: See Chapter 15.2.1.4, "Reading Waveform Data in Unsigned
Integer Format", on page 282

Usage: Query only

CHANnNel<m>:DATA:YRESolution?
CHANnNel<m>:DATA:ENVelope:YRESolution?
CALCulate:MATH<m>:DATA:YRESolution?
MASK:DATA:YRESolution?
LOGic<p>:DATA:YRESolution?
DIGital<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).

Suffix:
<m> 1.4

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 15.2.1.4, "Reading Waveform Data in Unsigned
Integer Format", on page 282
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Usage: Query only

15.9.2 Waveform Data Export to File

EXPOrt:WAVETOIM:SOURGE. ... ettt e ettt e et e e et e et e e e e e e e s e s e st e e esasaenanaeeeen 412
EXPOrt:WAVETOIMINAME. ...ttt ettt e e et et s et s s s s s snsasaanseesnsnansns 412
Lo o T A A\ V= (o g 1R\ VA T 412

EXPort:WAVeform:SOURce <\WaveformSource>

Defines the waveform to be exported.

Parameters:
<WaveformSource> CH1..4|D70| D158 | MA1 | RE1..4
CH1..4
Analog channels CH1 | CH2 | CH3 | CH4
D70
Pod 1, digital channels DO to D7 are exported together
D158
Pod 2, digital channels D8 to D15 are exported together.
MA1
Mathematic waveform
RE1..4

Reference waveforms RE1 | RE2 | RE3 | RE4

EXPort:WAVeform:NAME <FileName>

Defines the path and filename for a waveform data file that will be saved with Export :
WAVeform: SAVE. The data format and file extension is defined using FORMat [ :
DATA].

Existing files will be overwritten.

You can change the storage location, file name and/or file format manually in the [File]
> "Waveforms" menu. Remote control uses the recent settings.

Parameters:
<FileName> String parameter
Example: FORMAT CSV

EXPort:WAVeform:NAME "/USB FRONT/WAVEFORMS/WFMO1"
EXPort:WAVeform: SAVE

The waveform data is saved to WFMO01 .CSV.

EXPort:WAVeform:SAVE

Executes saving a waveform, for which the path and filename have been defined by
EXPort:WAVeform:NAME.
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Usage: Event

15.9.3 Screenshots

This chapter describes remote commands used to save screenshots.

MMEMOTY:NAME. .. ...t e et e e et e et e ea e e e e e e eeaaaenneaenn e 413
HCOPYIMMEIAIE]. e eeeeeeeeseeeeseseseeseseseeseseseeeesessesseesesesesseseseseeseeeseesesenesesens 413
[ (01 @ Yo I T 413
[ (O @ Y L /- 414
HCOPY:LANGUAGJE. ....eevvvrrrrrririrntiaaaiaieseeeeeeeeeseseeserereessststarassnnanseseeseeaeaesesseseresessssrsnes 414
H O O PY S ZE X 2. ettt e ettt e e e e ettt e e e e ettt e e e e e e e ee b e e e e e eetaaa s eaesestannaaeersstannaaesensnnnaaanes 414
[ OO ] Y] 1 PR 414
HCOPY:COLONSCHEME. .....cccieieeeeeeeeeteieit e ee e s e e e e e e e e e eeaeeeeeeeeeeeaeeessetaran e e aaeeeaaeas 414

MMEMory:NAME <file_name>

Defines the file name to store an image of the display with HCOPy [ : TMMediate].

Parameters:

<Filename> String parameter

Example: See Chapter 15.2.1.1, "Saving Screenshots to File",
on page 280

HCOPy[:IMMediate]

Saves a screenshot to the specified file.

Before starting, make sure that:
® The path for storage is defined correctly by MMEMory:CDIRectory
® The file name for storage is defined by MMEMory : NAME.

Example: See Chapter 15.2.1.1, "Saving Screenshots to File",
on page 280
Usage: Event
HCOPy:DATA?
Returns the data of the image file. The file format is defined using HCOPy : LANGuage
(BMP | PNG)
Return values:
<ScreenShot> 488.2 block data
Usage: Query only
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HCOPy:FORMat <Format>
HCOPy:LANGuage <Format>

Defines the format of the screenshot.

Parameters:
<Format> BMP | PNG | GIF
BMP: Windows Bitmap Format
PNG: Portable Network Graphic
GIF: Graphics interchange format
*RST: PNG
Example: See Chapter 15.2.1.1, "Saving Screenshots to File",
on page 280

HCOPy:SIZE:X?
Returns the number of horizontal pixels of the oscilloscope screen.

Return values:
<Xsize> Numeric value

Usage: Query only

HCOPy:SIZE:Y?
Returns the number of vertical pixels of the oscilloscope screen.

Return values:
<Ysize> Numeric value

Usage: Query only

HCOPy:COLor:SCHeme <ColorScheme>
Defines the color mode for screenshots.

Parameters:
<ColorScheme> COLor | GRAYscale | INVerted

INVerted inverts the colors of the output, i.e. a dark waveform is
depicted on a white background.

*RST: COLor
Example: see Chapter 15.2.1.1, "Saving Screenshots to File", on page 280

15.9.4 Instrument Settings: Mass MEMomory Subsystem

The Mass MEMomory subsystem provides commands to access the storage media
and to save and reload instrument settings and data.
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The R&S RTB2000 has the following storage devices indicated as drives:
® /INT: internal storage with default directories for each data type
® /USB_FRONT: USB connector on the front panel

Common computer and network drives like C:, D:, \\server\share are not availa-
ble.

Name conventions

The names of files and directories have to meet the following rules:
® Only the 8.3 format with ASCI characters is supported.

® No special characters are allowed.

® Use/ (slash) instead of \ (backslash).

MMEMOTY:DRIVES?.... ettt et e et et e et e e e e e e e e s e e e ea s eeaeenseean 415
MMEMOTY:IMSIS....ceeeeeeeeeeteietet e aaas e e e e e e e e eeeaeaeeeeeeeeeeeaeeeeensnsannaaaaananaeseeaaaaaeeeeeeeneennnnnnns 415
MMEMOTY:MDIRECIOIY.....cceeeeeeeeieieeeeeeeteretttt b eee e e eeseeeeeeeaeaeaaseeeeeereeessrarebarrarnaaaeaesenas 416
MMEMOTY:CDIRECIOIY....cvttuieeeieitieeeee ettt e e e e e eetataeeee s ettt e eeeesestaaseeseeasanaasaesesstnnseeeseesnnn 416
MMEMOTY:RDIRECIOIY ....cevtuieeeiietiteeeeeeeettia e e e e eeeateaeeeeseetaaaeeeesestaaseeseeesanaasaesesstaneeeeeernnn 416
MMEMOIY:DCATAIOG?....cceeeeeeeeeeeeeeee ettt ee e e s e e e e eaaaaaaaaeeeeeeeesessasatnran e aesesaeaaaaaes 417
MMEMory:DCATaIOg:LENGLEN?......e ettt e e e 417
Y Y 1Y o A @ N -1 [o T 418
Y Y o A @ =1 oY I =1 N o SR 418
MMEMOTY:COPY ...ttt e ettt e e e e e et e e e e e e ettt e e e e eeast e eeesestanaaaeesestanneeesensnnanns 419
MMEMOTY:MOVE......cctttieeeeeiieieieee ettt eee e e ettt e e e e e e ettt s eeeeessan e saeseestaneeeeeesstanseeeseerannnss 419
Y Y T ] Y - 419
LAY Y o] Y B I PP 420
MMEMOTY:STOREISTATE. .. ettt ettt ettt et e et et et e et e e e e e e e e e e eeae e e aennns 420
MMEMOTY:LOAD I STATE. ..ttt eeaaaeee e e et e e eeeeeeee et et eeeeeaeaetsnana e aaaaeaeeeeeaaaaaaaeeeeeeeenanennnnsnnnnnn 420
MMEMory:DRIVes?

Returns the storage devices available on the R&S RTB2000.

Parameters:
<Drive> List of strings, for example, ""/INT"",""/USB_FRONT""
/INT: internal storage
/USB_FRONT: USB connector on the front panel
Usage: Query only

MMEMory:MSIS <Drive>

Changes the default storage location (drive).

Parameters:
<Drive> One of the available drives: /INT, or /USB_FRONT
Example: MMEM:MSTIS '/USB_FRONT'
Sets the USB flash drive connected to the front panel as storage
location.
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MMEMory:MDIRectory <DirectoryName>
Creates a new directory with the specified name.

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:CDIRectory <DirectoryName>

Specifies the current directory for file access. Before using the command, create the
directory with MMEMory :MDIRectory.

Setting parameters:
<DirectoryName> String parameter to specify the directory, including the storage

device.

Example: MMEM:CDIR "/USB FRONT/DATA"

Example: Chapter 15.2.1.2, "Saving, Copying, and Loading Setup Data",
on page 281

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 instru-
ment returns an execution error.

Setting parameters:
<DirectoryName> String parameter, absolute path or relative to the current direc-

tory

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
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MMEMory:DCATalog? <PathName>

Returns the subdirectories of the specified directory. The result corresponds to the
number 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 speci-
fied directory does not have any subdirectory, the current and
the parent directories are returned ("., ,0","..,,0")

Example: Query for directories with absolute path:
MMEM:DCAT? "/USB_FRONT/*"
received ".,,0","..,,0","DATA,, 0", "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:

<DirCount> Number of directories.
Example: MMEMory:DCATalog?
Usage: Query only
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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

Return values:

<UsedMemory> Total amount of storage currently used in the directory, in bytes.
<FreeMemory> Total amount of storage available in the directory, in bytes.
<FileEntry> String parameter
All files of the directory are listed with their file name, format and
size in bytes.
Example: Query for files in the DATA directory, with absolute path:

MMEM:CAT? " /USB_FRONT/DATA/* Lxn
received: 511104,8633856, "MONDAY.TXT,,8",
"TUESDAY.CSV, , 8"

Example: 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

Example: Chapter 15.2.1.2, "Saving, Copying, and Loading Setup Data",
on page 281
Usage: Query only

MMEMory:CATalog:LENGth? <PathName>

Returns the number of files in the specified directory. The result corresponds to the
number of files returned by the MMEMory : CATalog? command.

Query parameters:
<PathName> String parameter

Directory to be queried, absolute or relative path

Return values:

<Count> Number of files.
Example: MMEMory:CATalog?
Usage: Query only
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MMEMory:COPY <FileSource>,<FileDestination>

Copies data to another directory on the same or different storage device. The file name
can be changed, too.

Setting parameters:
<FileSource> String parameter
Name and path of the file to be copied

<FileDestination> String parameter

Name and path of the new file. If the file already exists, it is over-
written without notice.

Example: MMEM:COPY "/INT/SETTINGS/SET001.SET",
"/USB_FRONT/SETTINGS/TESTSET1.SET"

Example: Chapter 15.2.1.2, "Saving, Copying, and Loading Setup Data",
on page 281

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 omit-
ted, the specified file will be deleted in the current directory. Fil-
ters are not allowed.

Example: Chapter 15.2.1.2, "Saving, Copying, and Loading Setup Data",
on page 281
Usage: Setting only
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MMEMory:DATA <FileName>,<Data>

Writes data to the specified file in the current directory MMEMory : CDIRectory, Of
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
providing the number of bytes in the binary data attached.

Parameters for setting and query:
<FileName> String parameter containing the file name

Example: MMEM:DATA "abc.txt", #216This is the file
#2: the length infomation has two digits
16: the binary data has 16 bytes.
MMEM:DATA? "abc.txt"
received: This is the file

Example: Chapter 15.2.1.2, "Saving, Copying, and Loading Setup Data",
on page 281

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: See Chapter 15.2.1.2, "Saving, Copying, and Loading Setup
Data", on page 281

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
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Example: MMEM:CDIR "/USB_ FRONT/DATA"'
MMEM:LOAD:STAT 1,"MORNING"

Example: See Chapter 15.2.1.2, "Saving, Copying, and Loading Setup
Data", on page 281

Usage: Setting only

15.10 General Instrument Setup

@ Display SettiNgS.......uuiiiiiiiiii e a e e 421
®  SYSIEM SEHINGS. .. —————— 426
L I I N BT 11 T [P PUPPRT 430
®  USB SetliNgS. ... e e e e e e e e aaan 432
L JI I T T 1= 11 SR 432
@ Firmware Update........oooiocueiiiiieiiie ettt e e 433

15.10.1 Display Settings

DISPIAY:LANGUAGE. ..vvvttrettteeeeieieeeeeeeeeeeeeeeetereeerrrrtsrarta———————_aieseseaaeseeserereeseresssssrrsrananns 421
DISPIaY:CLEAIN:SCREEN] ettt eeieiitiieeeeeteetee e e e e ettt aeeeeeeettaeeesessstseeesestanasaeseestaneeesessnns 422
DISPIay:PERSISIENCEITYPE......ci it i e ee ittt s e e e e e e e e e e aaeaeaeeeeeeeeeesaeessansnnannnnaan 422
DISPIay:PERSISIENCETIME. .. .cciiiiiieeeeeee ettt e e e e s e e e e e e e e e e e e e e e e e eeeeeeeessarnsanaanannns 422
DISPIay:PERSISIENCEICLEAN........cciiiiiiieieiiiteeeeeee e e e e e e e e e e e e e e e e e e e e e et eeeeeeeas 422
DISPIaY: PERSIStENCE IS TATE]- sttt et ettt eeeeeeeeeeeeeeeeeeeeeeetea e eeaaaa e e e e e e e e eeaaaaaeeeeeeeeeeeneenensnnnnan 423
DISPIay:PERSIStENCEINFINITE. .....cieiesieeeeeeeeieieiiti e re e e e e e e e e e e e e e e e e e e e e e e eeeeeeeeeeneneanaas 423
DISPIAY:DIALOG:CLOSE. ...vuvurerutiutiiiiaeieieteeeeeeeaeeeeeeeeeeeeeeeererstaraa————————aieseseeeaeaaeesereerene 423
DISPIay:DIALOGIMESSAQE. ...cvvuuieeiiiiiiieeeeeiettieeeeee ettt e e e e e eet e e e e e eeataaeeeseesataeeesenrannnnns 423
(D] 5] o 1 €1 | B RS I PP 424
DISPIAY: INTENSIY:BACKIGNT .. veveeeeeeeereeeeeeeeseeseeeseeseeeseseeseessessesseeseseeeseseeseesseeseeseesseens 424
DISPIay:INTENSItY:GRID ... .t ettt e e et e e e e e e e e e ea e eans 424
DISPIay:INTENSity:WAVETOIM. .. ... eieaeeee e e e e e e e ettt e e e e e e e e e e e e e eaaeaeeeeeeeeees 424
DTS Y N N (= PR 425
(D] ES] o =Y R I X YR 425
DISPlay:GRID:ANNOLatiON[:ENABIE].....cuuiiieeiiitiiieee ettt eeeeee e e e e eee e e e e e eaabe s e e e e eerananns 425
DISPIay:GRID:ANNOLAtION:TRACK. .. .tuttttuteeieieieteeeeeaeeeeereerrreeeeerersrnrnran——— e aaaaaaaaees 425

DISPlay:LANGuage <Language>

Selects the language in which the button labels and other screen information is dis-
played.
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Parameters:

<Language> ENGLish | GERMan | FRENch | SPANish | RUSSian |
SCHinese | TCHinese | JAPanese | KORean | ITALian |
PORTuguese | CZECh | POLish

Supported languages are listed in the "Specifications" data
sheet.

*RST: ENGL

DISPlay:CLEar[:SCReen]
Deletes all waveforms and measurement results.

Usage: Event

DISPlay:PERSistence:TYPE <Type>

Defines how long every new data point remains on the screen.

Parameters:

<Type> OFF | TIME | INFinite
OFF
Deactivates persistence.
TIME

Data points remain on the screen for the duration defined with
DISPlay:PERSistence:TIME.

INF
Data points remain on the screen infinitely until persistence is
set to OFF.

*RST: OFF

DISPlay:PERSistence:TIME <Time>

Persistence time if persistence is active (D1SPlay:PERSistence[:STATe] is set to
TIME.

Each new data point in the diagram area remains on the screen for the duration
defined here. .

Parameters:
<Time> Persistence time

Range: 50e-3 to 12.8
Increment: 50e-3

*RST: 50e-3

Default unit: s

DISPlay:PERSistence:CLEar

Removes the displayed persistent waveform from the screen.
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Usage: Event

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 DIsSPlay:
PERSistence:TIME.

OFF
The waveform does not persist on the screen. Only the currently
measured values are displayed.

*RST: OFF

DISPlay:PERSistence:INFinite <InfinitePersistence>

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 per-
sistence is cleared.

Parameters:
<InfinitePersistence> ON | OFF

*RST: OFF

DISPlay:DIALog:CLOSe
Closes an open message box.

Usage: Event

DISPlay:DIALog:MESSage <MessageText>
Sends a message text to the instrument and displays it in a message box.
To close the message box, use DISPlay:DIALog:CLOSe.

Setting parameters:
<MessageText> String

String that contains the message.

Example: DISP:DIAL:MESS 'My message'
DISP:DIAL:CLOS
Usage: Setting only
User Manual 1333.1611.02 — 08 423

839145 010-62176785 www . hyxyyq.com



R&S®RTB2000 Remote Control Commands

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

DISPlay:INTensity:BACKIight <Intensity>
Defines the intensity of illuminated front panel keys and rotary knobs.

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 brightness of the grid lines in the diagram.

Parameters:
<Intensity> Range: 0 to 100
Increment: 1
*RST: not available, *RST does not change the intensity

Default unit: %

DISPlay:INTensity:WAVeform <Intensity>

Defines the brightness of the waveform lines in the diagram.

Parameters:
<Intensity> Range: 0 to 100
Increment: 1
*RST: not available, *RST does not change the intensity
Default unit: %
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DISPlay:PALette <Palette>

Sets the color and brightness of the displayed waveform samples depending on their
cumulative occurance.

Parameters:
<Palette> NORMal | INVerse

NORMal
Values that occur frequently are brighter than rare values.

INVerse
Rare values are brighter than frequent values, inverse to the
NORMal 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: NORM

DISPlay:STYLe <Style>
Defines how the waveform data is displayed

Parameters:
<Style> VECTors | DOTS

VECTors
Individual data points are connected by a line.

DOTS
Only the data points are displayed.

*RST: VECT

DISPlay:GRID:ANNotation[:ENABIe] <State>

Enables or disables the display of scale values and units for the x-axis and y-axis at
the grid lines.

Parameters:
<State> ON | OFF

*RST: ON

DISPlay:GRID:ANNotation: TRACk <State>

If enabled, the grid moves with the waveforms, if you change the waveform's position
in horizontal or vertical direction.
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If disabled, the grid remains centered on the display, if you change the waveform's
position.

Parameters:
<State> ON | OFF

*RST: OFF

15.10.2 System Settings

(AN [T =1 1o} o FE U PPRRUPTIPION 426
(O AN o) =i e AR VAN =Y SRR 426
SY STEMINAME. ... ittt ettt et e e e et eea s saeasasnstnsaesnraaenssaeneeenarnnen 427
R ST =T g T 72 I = 427
O S TL=T 1T L= 427
SYSTem:COMMunicate:INTErface[:SELEC]......eueeeieeeeeeeieie et e e e e e e e eaeeas 427
SYSTeM:BEEPEIrCONTIOESTATE. .. i eiietiieeeeeeeetee e e ettt ee e e e e e ettt s e e e eeetnaeeeeseeata e eeeeesananss 428
SY STeM:BEEPEIERROIMSTATE. ... i iieiitteeeeeieeteee e e ettt e e e e e eetaaaeeaeesera e eeersssaseeserernnanss 428
SY S TEeM BEE P I T RIG: S T AT €.ttt e e e e e e e e e e s eae s raesnraernrenenrenees 428
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O R L= 1t H d B {1 S PR 429
SYSTeM:EDUCAtION:PRESEL.....uuiiiiiiiiiiieieeeeeetieeeee ettt ee e eetteee e e e s eeta s e e e eeeaatseeeeesrananss 429
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CALibration

Calibration starts the self-alignment process. It can take several minutes. Consider
your timeout settings.

Calibration? returns information on the state of the self-alignment. Return values #
0 indicate an error.

Same as *CAL?.

Return values:
<SelfAlignment> Numeric status indicator

CALibration:STATe?
Returns the overall state of the self-alignment.

Return values:
<SelfAlignmentState> NOALignment | RUN | ERRor | OK | ABORt

NOALignment: no self-aligment was performed. Relevant for
service operations.

RUN: self-aligment is running

ERRor: an error occured.
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OK: self-aligment has been performed successfully
ABORU: self-aligment has been cancelled

Usage: Query 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

SYSTem:COMMunicate:INTerface[:SELect]
Selects the interface for remote control and web browser access ( ETHernet only).

Parameters:
<Interface> USB | ETHernet
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SYSTem:BEEPer:CONTrol:STATe

Enables or disables a sound for general control events, e.g. changing the measure-
ment type in the "Measure" menu.

Parameters:
<ControlBeep> ON | OFF

SYSTem:BEEPer:ERRor:STATe
Enables or disables the beep if an error occurs.

Parameters:
<ErrorBeep> ON | OFF

SYSTem:BEEPer:TRIG:STATe
Enables or disables the beep if a trigger occurs.

Parameters:
<TriggerBeep> ON | OFF

SYSTem:BEEPer[:IMMediate]

Generates an immediate beep. You can use this command, for example, to locate the
instrument.

Usage: Event

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]?
Returns the oldest item of the error/event queue and removes it from the queue.

Return values:

<Error> Error/event_number,"Error/event_description>[;Device-depend-
ent info]"

Example: 0,"No error"

Usage: Query only

SCPI confirmed
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SYSTem:ERRor:ALL?

Returns a list of all error/event numbers and their description, and removes it from the
error/event queue.

Return values:
<ErrorList> List of ErrorFormat

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

SYSTem:PRESet
Resets the instrument to the default state, has the same effect as *RST.

Usage: Event

SYSTem:EDUCation:PRESet
Deletes the password of the education mode.

Usage: Event

SYSTem:DFPRint?

Returns the device footprint of the instrument. The device footprint contains the config-
uration of the instrument, installed modules, installed software and software licenses.
This information is written in the device footprint xml file might be useful in case of
maintenance or support request.

Return values:
<DeviceFootprint>  Block Data

Information as block data.

Usage: Query only

SYSTem:TREE?
REturns a list of the implemented remote commands.

Return values:

<SystemTree> List of commands
Usage: Query only
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15.10.3 LAN Settings

The following commands take effect if SYSTem:COMMunicate: INTerface|:
SELect] is setto ETHernet

SYSTem:COMMunicate:INTerface:ETHernet:DHCP..........ccoouuiiiiiiiiiiicceeece e 430
SYSTem:COMMunicate:INTerface:ETHernet:IPADAIess. ........coovuueeeienieeeeeeeeeeeeeeee e 430
SYSTem:COMMunicate:INTerface:ETHernet:SUBNEt..........ceevveieeeiiieeieeeeeeeeeeeee e 430
SYSTem:COMMunicate:INTerface:ETHernet: GATEWAY.......cceeeieieeeeeeeeeeeieeeeeeeeeeeeeeennnnnnnnnnas 430
SYSTem:COMMunicate:INTerface:ETHErnet:IPPOr..........ccuueeieiiiiiiicee et 431
SYSTem:COMMunicate:INTerface:ETHernet:VXIPOrt.........ccccevvvieeieeiieiiiee e, 431
SYSTem:COMMunicate:INTerface:ETHernet:HTTPPOIt........coeeeeieeiieeieeeeeeiieeeeeeeeeree e eeees 431
SYSTem:COMMunicate:INTerface:ETHernet: TRANSTEr.......c.uiiiieeiiiieeeeee e 431
SYSTem:COMMunicate:INTerface:ETHernet:MACaddress?...........oeeevueeeeeeeeiieeeeeeeeeeennens 431

SYSTem:COMMunicate:INTerface:ETHernet:DHCP
Enables DHCP for automatic network parameter distribution.

Parameters:
<DHCP> ON | OFF

OFF

Use the following commands to specify connection parameters:
SYSTem:COMMunicate:INTerface:ETHernet:IPADdress
on page 430
SYSTem:COMMunicate:INTerface:ETHernet:SUBNet

on page 430
SYSTem:COMMunicate:INTerface:ETHernet:GATeway
on page 430

SYSTem:COMMunicate:INTerface:ETHernet:IPADdress
SYSTem:COMMunicate:INTerface:ETHernet:SUBNet
SYSTem:COMMunicate:INTerface:ETHernet: GATeway

Return or specify.

® |P address of the instrument.

® |P subnet mask used by the instrument.
® |P gateway used by the instrument.

Parameters:
<FirstByte> Range: 0 to 255
Increment: 1
<SecondByte> Range: 0 to 255
Increment: 1
<ThirdByte> Range: 0 to 255
Increment: 1
<FourthByte> Range: 0 to 255
Increment: 1
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SYSTem:COMMunicate:INTerface:ETHernet:IPPort <IPPort>
Returns or specifies the IP port number (default = 5025).

Parameters:
<IPPort> Range: 1024 to 65535

SYSTem:COMMunicate:INTerface:ETHernet:VXIPort <V XIport>
Specifies the VXI-11 port number.

Parameters:
<VXlport> Range: 0 to 65535
*RST: 1024

SYSTem:COMMunicate:INTerface:ETHernet:HTTPport <HTTPport>
Returns the HTTP port number.

Parameters:
<HTTPport> Range: 0 to 65535
*RST: 80

SYSTem:COMMunicate:INTerface:ETHernet:TRANsfer <TransferMode>

Enables automatic transfer speed selection, or selects one of the predefined settings
that corresponds to your network data rate.

Parameters:
<TransferMode> AUTO | FD10 | FD100 | HD10 | HD100

AUTO
Automatic transfer speed

FD10 | FD100 | HD10 | HD100
FD = full duplex, HD = half duplex
10 = 10 Mbps, 100 = 100 Mbps

SYSTem:COMMunicate:INTerface:ETHernet:MACaddress?
Returns the instrument's media access control address.

Return values:
<MACaddress> String data

String parameter

Usage: Query only
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15.10.4 USB Settings

The following command takes effect if SYSTem: COMMunicate: INTerface|:
SELect] is set to USB.

SYSTem:COMMunicate:INTerface:USB:CLASs

Selects the USB mode.

® USB TMC (Test & Measurement Class)
e USB VCP (Virtual Com Port)

e USB MTP (Media Transfer Protocol)

Parameters:
<USBClass> TMC | VCP | MTP

15.10.5 Trigger Out

TRIGGEIOUTIMODE.....cettetutieieaaaaaee e e e e e e eeeeaeeeteeeeeeeeeaeaanensasann e aaaeeaeeasaaaaaeeeeeeeeeerennnnnes 432
TRIGQENHOUT PLENGN . .1t e e e e et e e e e e e et e e e e e e eab e e e e eeraaanns 432
TRIGQENHOUT:POLAIY . cuuuuieeieeeiiieeieeeeeetiie e e e ettt ee e e e e e eet e e eeeeeestaaeeeseessaaeeeesrssannsaeseessnnanns 433

TRIGger:OUT:MODE <OutputMode>

Defines which signals are generated at the [Aux Out] connector.
Parameters:

<OutputMode> OFF | TRIGger | REFerence | MASK | GENerator

OFF

No output

TRIGger

Outputs a pulse when the instrument triggers.
REFerence

Outputs a 10 MHz reference frequency.

MASK
Outputs a pulse when a mask is violated. This function is only
available if a mask is specified.

GENerator
Outputs the waveform that is specified using the function gener-
ator (requires option R&S RTB-B6)

*RST: OFF

TRIGger:OUT:PLENgth <PulseLength>

Defines the pulse width of the pulse at the [Aux Out] front connector (at trigger event or
mask viaolation).

Parameters:
<PulseLength> *RST: 1E-6

User Manual 1333.1611.02 — 08 432

839145 010-62176785 www . hyxyyq.com



R&S®RTB2000 Remote Control Commands

TRIGger:OUT:POLarity <Polarity>

Defines the polarity of the pulse at the [Aux Out] front connector (at trigger event or
mask viaolation).

Parameters:
<Polarity> POSitive | NEGative

*RST: POS

15.10.6 Firmware Update

DIAGNOstic:UPDate: TRANSTEIOPEN. .......ciiieiiiirieeeee ettt eeeeeeteeeeeeeeebeeeeeeeesaaeeeeseesanns 433
DIAGNOstic:UPDate: TRANSTEIDATA. ..ot eeaans 433
DIAGNOstic:UPDate: TRANSTEICLOSE. .. .ceeeeeee ettt 433
DIAGNOSHC:UPDAIEINSTAIL. . ..ceeeeeei e et e e e e e ee e e et e e e en e e e e eeeenns 434

DIAGnostic:UPDate:TRANsfer:OPEN <Transferltem>

Opens a data transfer for the firmware update file, and checks for errors.

Parameters:
<Transferltem> FIRMware
Example: See Chapter 15.2.2.2, "Using DIAGnostic:UPDdate: TRANsfer",

on page 284

DIAGnostic:UPDate: TRANsfer:DATA <Offset>,<Checksum>,<Data>
Sends the firmware update file data to the internal RAM of the instrument

Setting parameters:
<Offset> Specifies the byte offset of the blockdata in the file.

<Checksum> CRC-16-CCITT type checksum calculated for the raw binary
data in blockdata.

<Data> Block data is composed of a header #nm containing the length
of the data followed by the data in raw binary format. Here, m is
the length of the data in byte, and n is the number of digits in m.

Example: See Chapter 15.2.2.2, "Using DIAGnostic:UPDdate: TRANsfer",
on page 284
Usage: Setting only

DIAGnostic:UPDate:TRANsfer:CLOSe

Closes the file transfer.

Example: See Chapter 15.2.2.2, "Using DIAGnostic:UPDdate: TRANsfer",
on page 284.
Usage: Event
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DIAGnostic:UPDate:INSTall <Path>
Starts the firmware update.

Setting parameters:

<Path> Empty string

Example: See Chapter 15.2.2.2, "Using DIAGnostic:UPDdate: TRANsfer",
on page 284

Usage: Setting only

15.11 Serial Bus Analysis

L I 1 oY o= | R URUPRPRRRt 434
@  SPI (Option R&S RTB-KT)...ueiiiiiiiiiieeiiieee ettt e et e et e e e e e e e 436
L S O 449
o  UART (Option R&S RTB-K2).....coiitiiiiieeecee ettt et 459
e CAN (Option R&S RTB-K3)....ciiiiiiciiiiei ettt trae e e svae e e e 468
o LIN (Option R&S RTB-K3)... .ottt a e 484

15.11.1 General

BUSSD>ITYPE. ... 434
]ORN N = PPN 434
]8RRS ] @ 1Y - S PPN 435
1SR ] I = = PPN 435
BUS<D>LABEISTATE. ...ttt e e 435
BUS<D>IDSIGNAIS......iiiiiiiiiiiiii et 435
BUSSD>IDSIZE. ... 436
BUSSD>IPOSHION. ... e e 436
BUSSDSIRESUIL. ... e e 436

BUS<b>:TYPE <Type>

Defines the bus or interface type for analysis. All buses require special option to the

instrument.

Suffix:

<b> 112

Parameters:

<Type> PARallel | CPARallel | I2C | SPI | SSPI | UART | CAN | LIN

*RST: PARallel

BUS<b>:STATe <State>

Switches protocol decoding on or off.
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Suffix:

<b> 112
Parameters:

<State> ON | OFF

*RST: OFF

BUS<b>:FORMat <Format>

Sets the decoding format for the display on the screen.

Suffix:

<b> 112

Parameters:

<Format> ASCii | HEXadecimal | BINary | DECimal | OCTal

*RST: HEX

BUS<b>:LABel <Label>

Defines an additional name label for the selected bus. The maximum name length is 8
characters, and only ASCII characters provided on the on-screen keypad can be used.

Suffix:
<b> 1.2
Selects the bus.
Parameters:
<Label> String value

BUS<b>:LABel:STATe <State>

Displays or hides the bus label. The bus label is shown on the the right side of the dis-

play.
Suffix:
<b> 1.2
Selects the bus.
Parameters:
<State> ON | OFF

*RST: ON

BUS<b>:DSIGnals <BitsSignals>

Displays the individual bit lines above the decoded bus line.

Suffix:
<b> 1]2
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15.11.2

Parameters:
<BitsSignals> ON | OFF

*RST: ON

BUS<b>:DSIZe <DisplaySize>

Remote Control Commands

Sets the height of the decoded bus signal on the screen.

Suffix:

<b> 112

Parameters:

<DisplaySize> SMALI | MEDium | LARGe | DIV2 | DIV4

DIV2 | DIV4
2 or 4 divisions

SMALI | MEDium | LARGe

Size of indicated bus is smaller than 2 div.

*RST: MEDium

BUS<b>:POSition <Position>

Sets the vertical position of the decoded bus signal in divisions on the screen.

Suffix:

<b> 112

Parameters:

<Position> Range: 5 to -5
Increment: 0.02
*RST: -3.5

Default unit: DIV

BUS<b>:RESult <ShowResultTable>

Displays or hides the table of decode results.

Suffix:
<b> 1]2

Parameters:
<ShowResultTable> ON | OFF

SPI (Option R&S RTB-K1)

The Serial Peripheral Interface (SPI) is used for communication with slow peripheral
devices, in particular, for transmission of data streams.

SPI (no CS) is a Simplified SPI configuration without chip select line.
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A 4-channel instrument is required for full support of the SPI (with CS) and SPI (no CS)

protocols.

o SPI (with CS)- Configuration...........oooeeiiiiiii e 437
o SPI (N0 CS) - Configuration.........cccuiiiieiie e 440
L IS T B 4 o T T PRSP 443
®  SPl-DeCode RESUIS.....coiiiiiiiiie it 445

15.11.2.1 SPI (with CS)- Configuration

Start the bus configuration with the threshold setting. Use one of the following com-
mands:

® CHANnel<m>:THReshold:FINDlevel on page 297
® (CHANnel<m>:THReshold on page 296

In all BUS<b>:SPI... commands, the suffix <b> selects the bus.

BUSSD>:SPLCS:SOURGE........cceteieeeeerererereititiiaaaaieseseeeeeasaeseseererererrssrarararaaa—n s 437
BUS D> SPICSPOLAIY....cctuuieeieeieitiieeeeeetttiaeeeesettiaaeeeererttaseeserssnnasaeserstaiaeaeressnnnsees 437
BUS<D>:SPI:CLOCK:SOURCE. ...tuittiiiiiiiiit ettt e e e et e e et s s ee e e e e eaeans 438
BUS<D>:SPL:CLOCK:POLAIY . .. ttuteteiteee ettt et e e et e e e e e e e e e e e e eaeeeaeen 438
BUS<D>:SPIDATA:SOURCE. ...ttt e e e e e e e e e e e e e e e e e e e e een 438
BUS<D>:SPIIMOSSOURCE. .. ettt ettt e e e e e e e e e s s en e enenes 438
BUS<D>:SPLIMISO:SOURGE. ... ceeeeeieteeeieie e e et e et e et e e et e e st e e s e e e e e e e s e e e raaeeenans 438
BUSSD> SPIDATAPOLAIY . .vuvuteeeieieeeeeeeeeeeeeieeeeeeeeeresestabasa e aeseseeeeeasaaaeseesererersssssrenes 439
BUS<D>:SPIIMOSIPOLAIY..cceeeeiitieieeeieiiiiie e e eeetetiee e e e e eetaeeeeeeeeeste s eeeeeetaaaeeeeseestaaeeaseeenns 439
(20 IS o] e 1Y/ ST @ =@ ] = T4 2N 439
(20 IS o] e = 1@ I 1Y 439
LS R 0B e S 1 1 17 TSRS 440

BUS<b>:SPI:CS:SOURce <Source>

Selects the input channel of the chip select line.

Suffix:

<b> 112

Parameters:

<Source> CH1 | CH2 | CH3 | CH4 | DO..D15

*RST: CH1

BUS<b>:SPI:CS:POLarity <Polarity>

Selects whether the chip select signal is high active (high = 1) or low active (low = 1).

Suffix:
<b> 112
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Parameters:
<Polarity> POSitive | NEGative

POSitive = high active
NEGative = low active

*RST: NEGative

BUS<b>:SPI:CLOCk:SOURce <Source>

Selects the input channel of the clock line.

Suffix:

<b> 1]2

Parameters:

<Source> CH1 | CH2 | CH3 | CH4 | DO..D15

*RST: CH1

BUS<b>: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.

Suffix:

<b> 1]2

Parameters:

<Polarity> POSitive | NEGative

POSitive: rising slope
NEGative: falling slope
*RST: POS

BUS<b>:SPI:DATA:SOURce <Source>
BUS<b>:SPI:MOSI:SOURce <MosiSource>

Selects the input channel of the MOSI / MISO line.

Suffix:

<b> 112

Parameters:

<MosiSource> CH1 | CH2 | CH3 | CH4 | D0..D15

*RST: CH1

BUS<b>:SPI:MISO:SOURce <MisoSource>

Selects the input channel of the optional MISO line.

Suffix:
<b> 1, bus 2 is not available if the MISO source is used.
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Parameters:
<MisoSource> CH1 | CH2 | CH3 | CH4 | NONE | D0..D15

*RST: NONE

BUS<b>:SPI:DATA:POLarity <Polarity>

Selects whether transmitted data is high active (high = 1) or low active (low = 1) on the

data line.

Suffix:

<b> 1]2

Parameters:

<Polarity> POSitive | NEGative

POSitive = high active
NEGative = low active
*RST: POSitive

BUS<b>:SPI:MOSI:POLarity <MosiPolarity>

Selects if transmitted data is high active (high = 1) or low active (low = 1) on the MOSI/

MISO line.

Suffix:

<b> 112

Parameters:

<MosiPolarity> ACTLow | ACTHigh

*RST: ACTH

BUS<b>:SPI:MISO:POLarity <MisoPolarity>

Selects whether transmitted data is high active (high = 1) or low active (low = 1) on the

MISO line.

Suffix:

<b> 1, bus 2 is not available if the MISO source is used.
Parameters:

<MisoPolarity> ACTLow | ACTHigh

*RST: ACTH

BUS<b>:SPI:BORDer <BitOrder>

Defines if the data of the messages starts with MSB (most significant bit) or LSB (least
significant bit).

Suffix:
<b> 112
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Parameters:
<BitOrder> MSBFirst | LSBFirst

*RST: MSBFirst

BUS<b>:SPI:SSIZe <SymbolSize>

Sets the word length, the number of bits in a message.

Suffix:

<b> 112

Parameters:

<SymbolSize> Range: 4 to 32
Increment: 1
*RST: 8

Default unit: Bit

15.11.2.2 SPI (no CS) - Configuration

Start the bus configuration with the threshold setting. Use one of the following com-
mands:

® (CHANnel<m>:THReshold:FINDlevel on page 297
® CHANnel<m>:THReshold on page 296

In all BUS<b>:SSPI... commands, the suffix <b> selects the bus.

BUS<D>:SSPICLOCK:SOURCE. ....iuieiiiieeeeee ettt et e e e e e e e e e s e e e enenas 440
BUS<D>:SSPI:CLOCK:POLAIMY...tutuuuuaaaaaaeeeeeeeeeeeeeeieeeeeeeeeaeeeeensnnnnaaaaasaeeeeeesaaaaaeeeereneen 441
BUS<D>:SSPIDATAISOURCE. ..uuuuiieieieieieeeeeeeeeeeeeeeeeeeeeetabab b e aaseseseeeaeaaaasaeserereeeesesranes 441
BUS<D>:SSPLMOSISOURCE. . ettt et e e e e e e s e ea e e rae e raaenreaennenns 441
BUS<D>:SSPIMISO:SOURCE. ...ttt e s e s e e e e e n e eas 441
BUS<D>:SSPIDATAIPOLAIIY .« ettt ettt et ettt e e e ee et e e e et e eeeeenneeas 441
BUS<D>:SSPLIMOSIPOLAIIY. . eeeeee ettt ettt et e et e e et e e e e e eeas 442
BUS<D>:SSPIIMISO:POLAIMY . ...etuutuuaaaaaeeeeeeeeeeeaeeeeeeeeeeeeeeneaeenennaaaaeaeaeeeeeeaaaaaaeeeeeeeene 442
S WIS e ST o = 1 =Y N 442
BUS D> SSPIBORDET . .....ccuuiiiieeieiiieeeeeetttt e e e e e eetteaeeeessettteseseesanasaessestaaasaeseestanaeaasens 442
LSS T o S T B 1 Y 74 - N 443

BUS<b>:SSPI:CLOCk:SOURce <Source>

Selects the input channel of the clock line.

Suffix:

<b> 1]2

Parameters:

<Source> CH1| CH2 | CH3 | CH4 | D0..D15
CH3 and CH4 are only available with 4-channel R&S RTB2000
oscilloscopes.
*RST: CH1
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BUS<b>: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.

Suffix:

<b> 1]2

Parameters:

<Polarity> POSitive | NEGative

POSitive: rising slope
NEGative: falling slope
*RST: POSitive

BUS<b>:SSPI:DATA:SOURce <Source>
BUS<b>:SSPI:MOSI:SOURce <MosiSource>

Selects the input channel of the MOSI / MISO line.

Suffix:

<b> 112

Parameters:

<MosiSource> CH1 | CH2 | CH3 | CH4 | D0..D15

*RST: CH1

BUS<b>:SSPI:MISO:SOURce <MisoSource>

Selects the input channel of the optional MISO line.

Suffix:

<b> 1, bus 2 is not available if the MISO source is used.
Parameters:

<MisoSource> CH1| CH2 | CH3 | CH4 | NONE | D0..D15

*RST: NONE

BUS<b>:SSPI:DATA:POLarity <Polarity>

Selects whether transmitted data is high active (high = 1) or low active (low = 1) on the

data line.
Suffix:
<b> 1]2
Parameters:
<Polarity> POSitive | NEGative
POSitive = high active
NEGative = low active
*RST: POSitive
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BUS<b>:SSPI:MOSI:POLarity <MosiPolarity>

Selects if transmitted data is high active (high = 1) or low active (low = 1) on the MOSI/

MISO line.

Suffix:

<b> 1]2

Parameters:

<MosiPolarity> ACTLow | ACTHigh

*RST: ACTH

BUS<b>:SSPI:MISO:POLarity <MisoPolarity>

Selects whether transmitted data is high active (high = 1) or low active (low = 1) on the

MISO line.

Suffix:

<b> 1, bus 2 is not available if the MISO source is used.
Parameters:

<MisoPolarity> ACTLow | ACTHigh

*RST: ACTH

BUS<b>: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 inter-
val between the data words is shorter than the idle time, the words are part of the
same frame.

Suffix:
<b> 112

Parameters:

<BurstldleTime> Range: 16e-9 to 838.832e-6
Increment: 16e-9
*RST: 100e-6
Default unit: s

BUS<b>:SSPI:BORDer <BitOrder>

Defines if the data of the messages starts with MSB (most significant bit) or LSB (least
significant bit).

Suffix:
<b> 112
Parameters:
<BitOrder> MSBFirst | LSBFirst
*RST: MSBFirst
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BUS<b>:SSPI:SSIZe <SymbolSize>

Sets the word length, the number of bits in a message.

Suffix:

<b> 112

Parameters:

<SymbolSize> Range: 4 to 32
Increment: 1
*RST: 8

Default unit: Bit

15.11.2.3 SPI - Trigger

To configure the protocol trigger, make sure to set first:
® TRIGger:A:TYPE to BUS
® TRIGger:A:SOURce to SBUS1 | SBUS2

TRIGGENAISOURCEISPL. .. e e e e e e e e e e e e e e e e e e e ee e e aee e e e e e e e e e eeas 443
TRIGGENAISPIIMODE.... e ii i i i i e ettt eas e s s e e e e e e e eeaaaaeaeeeeeeeeeeneesenensnnnnnnnnnn 443
LRl e o NS T N I =T o TP 444
TRIGQENAISPLIPLENGEN....ciiiiiieee ittt et e e e ettt e e e e e e eab e e e s eeasaaeeaeseesannaeaanes 444
R T e AN o @] o =T SR 444

TRIGger:A:SOURce:SPI <SpiSource>

Selects the MOSI or the MISO line as trigger source. Only relevant, if both lines are
used and configured.

Parameters:
<SpiSource> MOSI | MISO

TRIGger:A:SPI:MODE <Mode>
Specifies the trigger mode for the SPI protocols (with and without CS).

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.
NTHBiIt
Sets the trigger event to the specified bit number. To define the
bit number, use TRIGger:A:SPI:POFFset.
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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
toset TRIGger:A:SPI:PLENgth and TRIGger:A:SPTI:
POFFset.

*RST: BSTart

TRIGger:A:SPI:PATTern <DataPattern>

Defines the bit pattern as trigger condition. The pattern length is adjusted to the num-
ber of bits defined in the pattern.

Parameters:
<DataPattern>

Example:

String with max. 32 characters (4 byte + 8 bit) . Characters 0, 1
and X are allowed.

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>

Example:

Range: 1 to 32
Increment: 1
*RST: 4

TRIG:A:SPI:PATT "0011XXXX0110"
TRIG:A:SPI:PLEN?

12

TRIG:A:SPI:PLEN 4
TRIG:A:SPI:PATT?

"0011"

TRIGger:A:SPI:POFFset <PatternBitOffset>

Sets the number of bits before the first bit of the pattern.

Parameters:
<PatternBitOffset>
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15.11.2.4 SPI - Decode Results

In all BUS<b>:SPI... and BUS<b>:SSPI... commands, the suffix <b> selects the

bus.

LSS T o B o B L O 11 o | N 445
BUS <> S P L F RAME SN S T AT US 2. e tteitieee ettt e et e st e et e e e e e e esenesnenernraarnranens 445
BUS<D> SP L FRAME SN S T AR 2. ettt e e e e e e e e e enannes 445
BUS <D= S P L FRAME SN ST O P 2. . ettt e e e e e s e e rea e saenaens 446
BUS<b>:SPIIFRAMESN>:DATAIMOSI 2. ettt e e e e 446
BUS<b>:SPI:FRAMESN>:DATAIMISO ... eeeietiiee e ettt e ettt e e e st s e e e e e eaae s e e e eeeananns 446
BUS<b>:SPI:FRAMESN>:WCOUN?....uiiieiiiiiiieeeeeetiee e eeeeeeiee e e e e eeeb e e e e s eeanaeeeeeeenbanaeaaees 447
BUS<b>:SPI:FRAME<N>:WORD<O>:STARL . ..cuitiiieiieeieeee e e e e eas 447
BUS<b>:SPI:FRAME<N>WORD<O>:STOP .. ettt e e e enas 447
BUS<b>:SPI:FRAME<N>WORD<OZ:MOSI?. ...ttt eeas 448
BUS<b>:SPI:FRAME<N>WORD<O>:MISO?......uo it e e eae e e e 448

BUS<b>:SPI:FCOunt?

Returns the number of decoded frames.

Suffix:

<b> 112

Return values:

<FrameCount> Total number of decoded frames.
Usage: Query only

BUS<b>:SPI:FRAME<n>:STATus?

Returns the overall state of the specified frame.

Suffix:
<b> 112
<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<b>:SPI:FRAME<n>:STARt?

Returns the start time of the specified frame.
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Suffix:
<b> 112
<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<b>:SPI:FRAME<n>:STOP?

Returns the end time of the specified frame.

Suffix:
<b> 112
<n> *

Selects the frame.

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<b>:SPI:FRAME<n>:DATA:MOSI?

Returns the data words of the specified frame of the MOSI line.

Suffix:
<b> 112
<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<b>:SPI:FRAME<n>:DATA:MISO?
Returns the data words of the specified frame of the MISO line.

Suffix:
<b> 112
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<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<b>:SPI:FRAME<n>:WCOunt?

Returns the number of words in the specified frame.

Suffix:
<b> 112
<n> *

Selects the frame.

Return values:
<WordCount> Number of words

Usage: Query only

BUS<b>:SPI:FRAME<n>:WORD<o0>:STARt?

Returns the start time of the specified data word.

Suffix:
<b> 112
<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<b>:SPI:FRAME<n>:WORD<0>:STOP?
Returns the end time of the specified data word.

Suffix:
<b> 112
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<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<b>:SPI:FRAME<n>:WORD<0>:MOSI?
Returns the data value of the specified word on the MOSI line.

Use this command if only one line is defined.

Suffix:
<b> 112
<n> *
Selects the frame (1...n)
<0> *

Selects the word number (1...0)

Return values:
<Data> Decimal value of the data word

Usage: Query only

BUS<b>:SPI:FRAME<n>:WORD<o0>:MISO?

Returns the data value of the specified word on the optional MISO line.

Suffix:
<b> 112
<n> *
Selects the frame (1...n)
<0> *

Selects the word number (1...0)

Return values:

<Data> Decimal value of the data word
Usage: Query only
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15.11.3 I’C

The Inter-Integrated Circuit is a simple, low-bandwidth, low-speed protocol used for
communication between on-board devices, for example, in LCD and LED drivers,
RAM, EEPROM, and others.

e |2C - Configuration (Option R&S RTB-KT).....cieiiiiiiiiiiiiiiiiciciieie e e e eeeeeeeens 449
L N O Iy o o =T S 450
@ [2C - DeCOUE RESUILS...ceeiiiiiiiieeceeeee e e e e e e e e e 452

15.11.3.1 I?C - Configuration (Option R&S RTB-K1)

Start the bus configuration with the threshold setting. Use one of the following com-
mands:

® CHANnel<m>:THReshold:FINDlevel on page 297
® CHANnel<m>:THReshold on page 296

In all BUS<b>:1I2C... commands, the suffix <b> selects the bus.

BUS<D>:I12C:CLOCK:SOURCE. ....uiietiieieeee et e ettt e et e et e e e e e et e e st e e st e e eean e e seaaeeeaans 449
BUS D> 2C : DATA S OUR . ..ttt e s e e e a s e et s e enenensnnas 449

BUS<b>:12C:CLOCk:SOURce <Source>

Sets the input channel to which the clock line is connected.

Suffix:

<b> 1]2

Parameters:

<Source> CH1 | CH2 | CH3 | CH4 | DO..D15

CH3 and CH4 are only available with 4-channel R&S RTB2000
oscilloscopes.

*RST: CH1

BUS<b>:12C:DATA:SOURce <Source>

Sets the input channel to which the data line is connected.

Suffix:

<b> 112

Parameters:

<Source> CH1|CH2 | CH3 | CH4 | D0..D15
CH3 and CH4 are only available with 4-channel R&S RTB2000
oscilloscopes.
*RST: CH1
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15.11.3.2 I*C - Trigger

To configure the protocol trigger, make sure to set first:
® TRIGger:A:TYPE to BUS
® TRIGger:A:SOURce to SBUS1 | SBUS2

TRIGGENAI2C:MODE... ... ittt e e e et e e e e e et ea e e e e e eeta e e e e eeeasaseeeeesrannnns 450
TRIGEI A2 ACCESS. .. ieieieiieeeeeee e ee et ettt eeeete ettt aeaaeseeeeeaeaaaaaaaeeeeeerereeesesersnsnnannnan 450
TRIGGENAI2C:AMODAE. .. ..ttt ettt e e et e et e et e ee e e e e e e eaaaeaaeaenn s 451
TRIGGEI A2 ADDRESS . ittt ettt eeeeeeeeee et eeeeeteaeaeaeten e aaaeseaeeeeeeeaaaaaaaaeeeeeeeenaneneennnnnnnnnn 451
IRy AN 12 @ A I =Y o TSRS 451
TRIGQENAII2C: PLENGN. .ttt e e e e e et e e e e e et e e e e e eeab e e e e eeernnanes 452
TRIGQE A2 PO F S 1 eiieeeieieeeeeeeetee et e ettt e e ettt ee e e e e eet e e e e eeetaaeeeeseestan e eeeeesnnanns 452

TRIGger:A:12C:MODE <Mode>
Specifies the trigger mode for I2C.

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 mes-
sage.
For a complete configuration of the pattern mode, you have to
set:
TRIGger:A:12C:ACCess (read/write access), and
TRIGger:A:I2C:AMODe and TRIGger:A:I2C:ADDRess
(address), and/or
TRIGger:A:I12C:POFFset and TRIGger:A:I2C:PLENgth
and TRIGger:A:12C: PATTern (pattern)

*RST: STARt

TRIGger:A:12C:ACCess <Access>

Toggles the trigger condition between Read and Write access of the master.
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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.

Parameters:

<AddressString> 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.

Example: TRIG:A:I2C:AMOD NORM
TRIG:A:I2C:ADDR "1011"
TRIG:A:I2C:ADDR?
Return value (7bit address): "0001011"

Example: 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:T2C: PLENgth.

Parameters:

<DataPattern> 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

Example: TRIG:A:I2C:PLEN 2
TRIG:A:I2C:PATT "10X10000XXXX1111"
TRIG:A:I2C:PATT?
Return value (2 bytes): "10X10000XXXxX1111"
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Example: TRIG:A:I2C:PLEN 1
TRIG:A:I2C:PATT "110"
TRIG:A:I2C:PATT?

Return value (1 byte): "110xXxXXxXx"

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: I12C: PATTern.

Parameters:
<PatternLength> Number of bytes

Range: 1to3
Increment: 1
*RST: 1

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

15.11.3.3 I2C - Decode Results

In all BUS<b>:I2C... commands, the suffix <b> selects the bus.

BUS D> 2C FCOUN ..ttt e ettt e e e et e e e e e e et e e e e e e eab e e e s eesaaa e aeeensanannns 453
BUS D> 2 F R AME NS DA T A 2. ettt ettt et e et e e e e e e et rraerrarnrenens 453
BUS D> 2 FRAME NS S T AT US 2. e ititeeiie ettt e e e et e e e ee e eeeteeneaesnsansnrenenrenennen 453
BUS D> 2 FRAME NS S T A R 2. ettt e e e e e e ea st ea s eaenanns 454
BUS D> 2C : FRAMESNZ S T O 2. . e ettt ettt e e r s e en e e nenas 454
BUS<D>:2C: FRAMESNZ AACCESS 7. .. eeeeeeeeeeeeeeeeeeeee e e ete e e et e e et e e st e e et e e eeaeereneeeeaans 454
BUS<D>:12C:FRAMESN>IACCESS?...ccvvuueieeeiittiiieeeeeetttaeeeessetttaaeeeeseataaeesersnneaeeersnnnns 454
BUS<b>:12C:FRAMESN>ACOMPIELE?....cvuueieeeiieiiieieeeeetcee e e e e et e e e e et ee e e e e e e aabe e e e e e eesanas 455
BUS<b>:12C:FRAMESN>ADBSIAI?....ccvuiieeieiiiiieeeeee et ieeeeeeeeee e e e e e eetaeeeeeeesba e eeseernnanns 455
BUS<D>:12C: FRAMESNZ AD D RESS 7. . e ittt ieeiiete et ea et ea e ee e e et easeenesnenesnranenaens 455
BUS<D>:I2C: FRAMESNZ I ADEVICE 2. e ettt e e e e eneas 456
BUS<Db>:I2C:FRAMESNZAMODE ... ittt ettt e e e e e e e enes 456
BUS<D>:I2C: FRAMESNZASTAM?. ..ceeciieie et ee et e et e e ete e e e e e e e e s e e e e e e e eaneenennes 456
BUS<b>:12C:FRAMESN>BCOUNL?....ccvuteiieeiiitiiieeeee ettt eeeeetee e e e e e ee e e e e e e eaaaseeseessnnanns 457
BUS<b>:12C:FRAMESN>BY TESO> I ACCESS?.ceutuiieeieetiiiieeeeietrieseeeeeetiieeeeeesntaeeeeseerannns 457
BUS<b>:12C:FRAMe<N>:BYTE<O> ACKSIAM?.....uuieieeiieeieeieeeeeeeee et e e eeena 457
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BUS<b>:I12C:FRAME<N>BYTE<O>COMPIELE?.....uieeieieeei ettt eeas 458
BUS<b>:12C:FRAMESN> BY TE <O ST AR 2. ettt ee e e e e e e e eeaens 458
BUS<b>:12C:FRAMESN>BYTESOZ:VALUE?....uieniieiet it eee e e et et e et e et e et e st s easesnnee 459

BUS<b>:12C:FCOunt?

Returns the number of received frames.

Suffix:

<b> 112

Return values:

<FrameCount> Total number of decoded frames.
Usage: Query only

BUS<b>:12C:FRAMe<n>:DATA?

Returns the data words of the specified frame.

Suffix:
<b> 112
<n> *

Selects the frame.

Return values:
<DataWords> Comma-separated list of decimal values of the data bytes.

Example: BUS:I2C:FRAM2:DATA?

returns four data bytes:
-> 69,158,174,161

Usage: Query only

BUS<b>:12C:FRAMe<n>:STATus?

Returns the overall state of the frame.

Suffix:
<b> 112
<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
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BUS<b>:12C:FRAMe<n>:STARt?

Returns the start time of the specified frame.

Suffix:
<b> 112
<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<b>:12C:FRAMe<n>:STOP?

Returns the end time of the specified frame.

Suffix:
<b> 112
<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

BUS<b>:12C:FRAMe<n>:AACCess?

Returns the address acknowledge bit value for the indicated frame.

Suffix:
<b> 112
<n> *

Selects the frame.

Return values:
<Acknowledge> INComplete | ACK | NACK | EITHer

Usage: Query only

BUS<b>:12C:FRAMe<n>:ACCess?

Returns the transfer direction - read or write access from master to slave.
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Suffix:
<b> 112
<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<b>:12C:FRAMe<n>:ACOMplete?

Returns the state of the address.

Suffix:
<b> 112
<n> *

Selects the frame.

Return values:
<AddressComplete> ON | OFF

ON
Address was received completely.

Usage: Query only

BUS<b>:12C:FRAMe<n>:ADBStart?

Returns the start time of the address acknowledge bit.

Suffix:
<b> 112
<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<b>:12C:FRAMe<n>:ADDRess?

Returns the decimal address value of the indicated frame including the R/W bit.
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Suffix:
<b> 112
<n> *

Selects the frame.

Return values:

<AddressValue> Decimal value

Range:
Increment: 1

Usage: Query only

BUS<b>:12C:FRAMe<n>:ADEVice?

0 to 2047

Remote Control Commands

Returns the decimal address value of the indicated frame without R/\W bit.

Suffix:
<b> 112
<n> *

Selects the frame.

Return values:

<SlaveAddress> Decimal value

Range:
Increment: 1

Usage: Query only

BUS<b>:12C:FRAMe<n>:AMODe?

Returns the address length.

Suffix:
<b> 112
<n> *

Selects the frame.

Return values:

<AddressMode> BIT7 | BIT10

Usage: Query only

BUS<b>:12C:FRAMe<n>:ASTart?

0 to 1023

Returns the start time of the address for the indicated frame.

Suffix:
<b> 112
<n> *

Selects the frame.
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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<b>:12C:FRAMe<n>:BCOunt?
Returns the number of data bytes in the specified frame.

Suffix:
<b> 1]2

*

<n>
Selects the frame.

Return values:

<ByteCount im Number of words (bytes)

Frame>

Example: BUS:I2C:FRAM2:BCO?
-> 4

Usage: Query only

BUS<b>:12C:FRAMe<n>:BYTE<0>:ACCess?

Returns the acknowledge bit value of the specified data byte.

Suffix:
<b> 112
<n> *
Selects the frame.
<0> *

Selects the byte number.

Return values:
<Acknowledge> INComplete | ACK | NACK | EITHer

Usage: Query only

BUS<b>:12C:FRAMe<n>:BYTE<o>:ACKStart?
Returns the start time of the acknowledge bit of the specified byte.

Suffix:
<b> 112

*

<n>
Selects the frame.
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<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<b>:12C:FRAMe<n>:BYTE<0>:COMPlete?
Returns the state of the byte.

Suffix:
<b> 112
<n> *
Selects the frame.
<0> *

Selects the byte number.

Return values:
<ByteComplete> ON | OFF

ON
Data byte was received completely.

Usage: Query only

BUS<b>:12C:FRAMe<n>:BYTE<0>:STARt?

Returns the start time of the specified data byte.

Suffix:
<b> 112
<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
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BUS<b>:12C:FRAMe<n>:BYTE<o>:VALue?

Returns the decimal value of the specified byte.

Suffix:
<b> 112
<n> *
Selects the frame.
<0> *

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

15.11.4 UART (Option R&S RTB-K2)

The Universal Asynchronous Receiver/Transmitter (UART) converts a word of data into
serial data, and vice versa.

o UART - Configuration............ooooiiiiiiiieeeee e e e e e e e e e e 459
(07 I Iy o o = TP 462
o UART - Decode RESUILS. ... ...t e e 464

15.11.4.1 UART - Configuration

Start the bus configuration with the threshold setting. Use one of the following com-
mands:

® CHANnel<m>:THReshold:FINDlevel on page 297
® CHANnel<m>:THReshold on page 296

In all BUS<b>:UART. .. commands, the suffix <b> selects the bus.

BUS<D>UART:RX:SOURCE. . e ieieteiie ettt et et e e e et e e e e e e e e e e e e e e eaeennes 460
BUS<D>UART:DATA:SOURCE. . cuitiiieeiee ettt ettt e e e st e e e e s e e e e enanns 460
BUS<D>UART:TX:SOURGE. ...u i ceeeteeeteee ettt e et e et e e et e e et e et ee s et e e e e e s eaeeersaeeeeaneees 460
BUS D> UARTPOLAIMY . c.etuuieieeeiiiteieeeieetiieeeeeeeteteeeeeseetataeeeeseestnnseeserstanasaeeesstaaeeeerernns 460
BUS<D>UART:DATAIPOLAIY...ctuuiieeieiiiiieeeeeeietieeeeeeeetteeeeeeeeateaeeeeeessneeeeeeestaaeeesessnnanns 460
(20 S o U N S 1S ] 1 PP 461
BUS KD UART:PARILY .. e ettt ettt et et et e e e e e e e e e e e eeas 461
L2 RS o B U N 10 =] N S 461
BUS<D>UART:BAUDIALE. .....eeeeeeeeteeeee e et e et e et e et e e et e e e et e e e eae e e eee e e e e e e e enneeeerans 461
SIS T o U o = 1T 462
User Manual 1333.1611.02 — 08 459

839145 010-62176785 www . hyxyyq.com



R&S®RTB2000 Remote Control Commands

BUS<b>:UART:RX:SOURce <Source>
BUS<b>:UART:DATA:SOURce <Source>

Selects the input channel of the data line.

Suffix:

<b> 112

Parameters:

<Source> CH1 | CH2 | CH3 | CH4 | DO..D15

CH3 and CH4 are only available with 4-channel R&S RTB2000
oscilloscopes.

*RST: CHA1

BUS<b>:UART:TX:SOURce <Source>

Selects the input channel of the transmitter TX line.

Suffix:
<b> 1, bus 2 is not available if the TX source is used.
Parameters:
<TxSource> CH1 | CH2 | CH3 | CH4 | NONE | D0..D15
NONE
Disables the optional TX line.
*RST: NONE

BUS<b>: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<b>:UART :DATA:POLarity

Suffix:

<b> 112
Parameters:

<|dleState> IDLLow | IDLHigh

IDLLow: idle low, low = 1
IDLHigh: idle high, high = 1
*RST: IDLH

BUS<b>: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<b>:UART:POLarity.

Suffix:
<b> 112
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Parameters:

<Polarity> POSitive | NEGative

POSitive = high active
NEGative = low active

*RST: POS

BUS<b>:UART:SSIZe <SymbolSize>

Sets the number of data bits in a message.

Suffix:

<b> 1]2

Parameters:

<SymbolSize> Range: 51t 9
Increment: 1
*RST: 8

Default unit: Bit

BUS<b>:UART:PARIity <Parity>

Remote Control Commands

Defines the optional parity bit that is used for error detection.

Note: SPI and UART protocols occupy two bus lines.

Suffix:
<b> 1.2
Selects the bus.
Parameters:
<Parity> ODD | EVEN | NONE

*RST: NONE

BUS<b>:UART:SBIT <StopBitNumber>
Sets the stop bits.

Note: SPI and UART protocols occupy two bus lines.

Suffix:
<b> 1.2
Selects the bus.
Parameters:
<StopBitNumber> B1|B1_5|B2

1 stop bit, 1.5 stop bits or 2 stop bits are possible.

*RST: B1

BUS<b>:UART:BAUDrate <Baudrate>

Sets the number of transmitted bits per second.
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Suffix:

<b> 1]2

Parameters:

<Baudrate> Range: 100 to 78.1E6
Increment: 100
*RST: 115200

Default unit: Bit

BUS<b>: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.

Suffix:

<b> 112

Parameters:

<BurstldleTime> Range: Range depends on the bus configuration, mainly on

bit rate and symbol size.
Default unit: s

15.11.4.2 UART - Trigger

To configure the protocol trigger, make sure to set first:
® TRIGger:A:TYPE to BUS
® TRIGger:A:SOURce to SBUS1 | SBUS2

TRIGGENA:SOURCEIUART ...ttt ettt et e e et e e e et e e e e e e e e aeaaas 462
TRIGGErNA:UARTIMODE. .. ...ttt e e e e e e e e e e e e e eanas 462
TRIGGErNAIUART:PATTEIM. ..ttt e e e e e e e e s e s e e e e e e e e e e e s e s annenreneees 463
TRIGGErAUART:PLENGIN. .. ettieieieeee e e ie ettt ite e e e e e e e e s e sseree e e e e e e e e e e e e s s snnnrreeereeeaaaaeeenan 463
I R o AN U N o O T T 463

TRIGger:A:SOURce:UART <UartSource>
Selects the transmitter or receiver line as trigger source.

Parameters:
<UartSource> RX|TX

TRIGger:A:UART:MODE <Mode>
Specifies the trigger mode for UART/RS-232 interfaces.
See also: "UART trigger settings" on page 220.

Parameters:
<Mode> BSTart | SBIT | NTHSymbol | SYMBol | PATTern | PRERror |
SPERror | BREak
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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.
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

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: 1t 4
Increment: 1
*RST: 1

TRIGger:A:UART:POFFset <PatternByteOffset>

Sets the number of symbols before the first symbol of the pattern.
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Serial Bus Analysis

Parameters:
<PatternByteOffset> Number of ignored symbols

Range: 0 to 4095
Increment: 1
*RST: 0

15.11.4.3 UART - Decode Results

In all BUS<b>:UART. .. commands, the suffix <b> selects the bus.

BUSSKD>UART:FCOUNE?....ceititieieeeieeieeeeeeeetee e e e e eeet e e eeseetataeeaesestannseeeressnnesaeseesransenasens 464
S WIS T o U N o 1 0 G L 0 11 o | 464
(S WIS o U N o B 1D G o O @ U o | o PP 464
BUS<b>UART:FRAMESN> ST AR 2. ettt aens 465
BUS<b>:UART:RX:FRAMESNZ: STARL ... e e 465
BUS<b>UART: TX:FRAMESN> S TAR 2. tiiiitiiteii ittt e e s e e e e e s e s e e ene e s s e eennes 465
BUS<D>UART: FRAMESNS IS TOP 2.ttt ettt s e e e e s et s e s enesarasensenrenss 465
BUS<b>:UART:RX:FRAMESNS I STOP 2. e ittt ettt s e e e e eans 465
BUS<b>UART: TX:FRAMESNS ST OP ...ttt e e e e e eas 465
BUS<DSIUAR T FRAME KNS S T AT 2 eeeteee ettt ettt et e e e e e e e e e aeeeaennen 465
BUS<D>UART: R X FRAMESNS S T AT 2 ettt r e e e e e e e e eaeeaeans 465
BUS<b>:UART: TX:FRAMESN>ISTATE?. ..cetnieeeeeeeeeee e e ee et e e et e e e e e e e e s eaeeeeaeeeeenneeeeas 465
BUS<b>:UART:FRAMESN>WCOUNE?.....uutururuiieieieieieeeeeeeeeeeeeeeeeeeeeeeesssersssnnanaaeaeseeeens 466
BUS<b>:UART:RX:FRAMESN>WCOUNL?.....ocetiiieeieeeieiee e ee ettt e e et e e e e ee e e e e e eaban s 466
BUS<b>:UART:TX:FRAMESN>WCOUNL?....cceeiiiiieieeieeiieieeeeeetee e eeeeeebe e e e e e e e e e e eebanns 466
BUS<b>:UART:FRAMe<n>:WORD<O>:SOURCE?.....cittttiittiiiteeieieeieieeieteeeeeeeee e ee e 466
BUS<b>:UART:FRAMESN>WORD<KOZ S TATE?...e ittt et e ee e e eneeneans 466
BUS<b>:UART:RX:FRAME<N>:WORD<KOZ:STATE 2. e ettt e e e aas 466
BUS<b>:UART:TX:FRAME<N>:WORD<O>:STATE?....ccuueiieteeeeereeeeieee et eeeeneeeeaeeseaeeeeanns 466
BUS<b>:UART:FRAMe<N>:WORD<O>:STARL?.....u ittt eeee e ee e ee e e e e e e eeaaas 467
BUS<b>:UART:RX:FRAMe<n>WORD<0>:STARL?.....ccouieiieiiririeeeeeeetiiee e e eeere e e e eeeannnns 467
BUS<b>:UART:TX:FRAMe<N>:WORD<O>:STARL Z....cteiiieiite et e e 467
BUS<b>:UART:FRAME<N>:WORD<O>:STOP 2. ...ttt ea e 468
BUS<b>:UART:RX:FRAMe<N>:WORD<O>:STOP ...ttt eeaes 468
BUS<b>:UART:TX:FRAME<N>WORD<O>:STOP ...ttt 468
BUS<b>:UART:FRAME<N>:WORD<O>:VALUE?.......cevvvrrrrrrrerennnieieieseseeeesaaaaseesereeeesesssranes 468
BUS<b>:UART:FRAMe<n>:WORD<O>:RXVAIUE?.......ceiieiiiiriieeeeieetie i eeeeeeteeeeeeeeeraeeaeens 468
BUS<b>:UART:FRAMe<n>:WORD<O>:TXVAIUB?........ueeieriiiiriiieeeeieeriiieeeeeeenieeeeeeeeraneeaes 468
BUS<b>:UART:RX:FRAME<N>:WORD<OZ:VALUE?....cuettteiieeeiieeeeieeeeeeeeeeeeeee e enereaenneans 468
BUS<b>:UART: TX:FRAMEe<N>:WORD<O>:VALUEB?.....cuteieiieeieeeeeeeeeeeeeeeee e 468

BUS<b>:UART:FCOunt?
BUS<b>:UART:RX:FCOunt?
BUS<b>:UART:TX:FCOunt?

Return the number of decoded frames on the data line.

Suffix:
<b> 112
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Return values:
<FrameCount> Total number of decoded frames.

Usage: Query only

BUS<b>:UART:FRAMe<n>:STARt?
BUS<b>:UART:RX:FRAMe<n>:STARt?
BUS<b>:UART:TX:FRAMe<n>:STARt?

Return the start time of the specified frame.

Suffix:
<b> 112
<n> *

Selects the frame.

Return values:

<TxFrameStart> Time in s, range depends on sample rate, record length, and
time base
Usage: Query only

BUS<b>:UART:FRAMe<n>:STOP?
BUS<b>:UART:RX:FRAMe<n>:STOP?
BUS<b>:UART:TX:FRAMe<n>:STOP?

Return the end time of the specified frame.

Suffix:
<b> 112
<n> *

Selects the frame.

Return values:

<TxFrameStop> Time in s, range depends on sample rate, record length, and
time base
Usage: Query only

BUS<b>:UART:FRAMe<n>:STATe?
BUS<b>:UART:RX:FRAMe<n>:STATe?
BUS<b>:UART:-TX:FRAMe<n>:STATe?

Returns the status of the specified frame.

Suffix:
<b> 112
<n> *

Selects the frame.

Return values:
<TxFrameState> STER | SPER | PRER | BRE | OK | INS
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Usage:

Remote Control Commands

STER: start error, no start bit found.

SPERr: stop error, no stop condition found.

PRER: parity error, which indicates a transmission error.

BRE: break condition found. A start bit is not followed by a stop
bit, and the data line remains at logic 0 for longer than a UART
word.

OK: the frame is valid.

INS: the frame is not completely contained in the acquisition.
The acquired part of the frame is valid.

Query only

BUS<b>:UART:FRAMe<n>:WCOunt?
BUS<b>:UART:RX:FRAMe<n>:WCOunt?
BUS<b>:UART:TX:FRAMe<n>:WCOunt?

Returns the number of symbols in the specified frame.

Suffix:
<b>

<n>

Return values:
<WordCount>

Usage:

112

Selects the frame.

Number of words (symbols, characters)

Query only

BUS<b>:UART:FRAMe<n>:WORD<0>:SOURce?

Returns the line on which the specified word was transferred.

Suffix:
<b>

<n>
<o0>
Return values:

<Source>

Usage:

1]2

Selects the frame.

*

Selects the word.

TX or RX
Query only

BUS<b>:UART:FRAMe<n>:WORD<o0>:STATe?
BUS<b>:UART:RX:FRAMe<n>:WORD<o0>:STATe?
BUS<b>:UART:TX:FRAMe<n>:WORD<o0>:STATe?

Returns the status of the specified symbol (word).
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Suffix:
<b>

<n>

<0>

Return values:

<Status>

Usage:

Remote Control Commands

112

Selects the frame.

*

Selects the word number.

OK | FRSTart | FRENd | FRMError | STERror | SPERror |
PRERror | INSufficient | BREak

OK: the frame is valid.

FRSTart: frame start not found

FRENdJ: frame end not found

FRMError: error in frame

STERror: start error, no start bit found.

SPERror: stop error, no stop condition found.

PRERror: parity error, which indicates a transmission error.
INSufficient: the frame is not completely contained in the
acquisition. The acquired part of the frame is valid.

BREak: break condition found. A start bit is not followed by a
stop bit, and the data line remains at logic O for longer than a
UART word.

Query only

BUS<b>:UART:FRAMe<n>:WORD<0>:STARt?
BUS<b>:UART:RX:FRAMe<n>:WORD<0>:STARt?
BUS<b>:UART:TX:FRAMe<n>:WORD<0>:STARt?

Returns the start time of the specified symbol (word).

Suffix:
<b>

<n>

<0>

Return values:

<StartTime>

Usage:

User Manual 1333.1611.02 — 08
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Selects the frame.

*

Selects the word number.

Range: depends on sample rate, record length, and time
base
Increment: depends on the time base

Default unit: s

Query only
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BUS<b>:UART:FRAMe<n>:WORD<0>:STOP?
BUS<b>:UART:RX:FRAMe<n>:WORD<0>:STOP?
BUS<b>:UART:TX:FRAMe<n>:WORD<0>:STOP?

Returns the end time of the specified symbol (word).

Suffix:
<b> 112
<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<b>:UART:FRAMe<n>:WORD<o0>:VALue?
BUS<b>:UART:FRAMe<n>:WORD<o0>:RXValue?
BUS<b>:UART:FRAMe<n>:WORD<o0>:TXValue?
BUS<b>:UART:RX:FRAMe<n>:WORD<o0>:VALue?
BUS<b>:UART:TX:FRAMe<n>:WORD<o0>:VALue?

Return the value of the specified symbol (word) on the Rx line and Tx line, respectively.

Suffix:
<b> 112
<n> *
Selects the frame.
<0> *

Selects the word number.

Return values:
<Value> Range: 0 to 511
Increment: 1

Usage: Query only

15.11.5 CAN (Option R&S RTB-K3)

CAN is the Controller Area Network, a bus system used within automotive network
architecture.
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®  CAN - CONfIQUIAION. ....ceeeiieieiiie e e e e e e 469
L I O N I T o = SRR 470
®  CAN - DeCOde RESUILS.......coiiiiiiiiieeieiee e e 474
L I O B 1Y T o o SRR 480

15.11.5.1 CAN - Configuration

Start the bus configuration with the threshold setting. Use one of the following com-
mands:

® CHANnel<m>:THReshold:FINDlevel on page 297
® CHANnel<m>:THReshold on page 296

In all BUS<b>:CAN. .. commands, the suffix <b> selects the bus.

BUS<D>:CAN:DATA:SOURGE. .......cceeeeeeieieeeieeereretritar i aaaaeseseeeeeaeaaaasseserereeseersrarsarsrananns 469
LTS T o = O 1N R I 1 U 469
BUS<b>:CAN:SAMPIEPOINT. .. ettt e e et s e e e e aanas 470
S WS o O A (= 1 I = = T PPN 470

BUS<b>:CAN:DATA:SOURce <Source>

Sets the source of the data line. All channel waveforms can be used.

Suffix:

<b> 112

Parameters:

<Source> CH1 | CH2 | CH3 | CH4 | DO..D15

Logic chann