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For Your Safety

1 Preface

1.1 For Your Safety

The R&S RTM3000 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.

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 25.




Documentation Overview

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. The
minimum distance from the wall is 10 cm.

® 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

1.21

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.

Documentation Overview

This section provides an overview of the R&S RTM3000 user documentation.

Manuals and Instrument Help

You find the manuals on the product page at:

www.rohde-schwarz.com/manual/rtm3000

Getting started manual

Introduces the R&S RTM3000 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.


http://www.rohde-schwarz.com/manual/rtm3000

Documentation Overview

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.

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 RTM3000 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 RTM3000. 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/rtm3000

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/rtm3000. The open source acknowledgment
document can also be read directly on the instrument.


https://gloris.rohde-schwarz.com
https://gloris.rohde-schwarz.com
http://www.rohde-schwarz.com/brochure-datasheet/rtm3000
https://gloris.rohde-schwarz.com/calcert
http://www.rohde-schwarz.com/firmware/rtm3000

Conventions Used in the Documentation

1.3 Conventions Used in the Documentation

1.3.1 Typographical Conventions

The following text markers are used throughout this documentation:

Convention Description
"Graphical user interface ele- All names of graphical user interface elements on the screen, such as
ments" dialog boxes, menus, options, buttons, and softkeys are enclosed by

quotation marks.

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

File names, commands, File names, 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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2.1
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Preparing for Use

Getting Started

Preparing for Use

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 21.

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.

2.1.2

Delivery contents

The delivery package contains the following items:

e R&S RTM3000 digital oscilloscope

® R&S RT-ZPO05 probes (2x for R&S RTM3002; 4x for R&S RTM3004)
® Country-specific power cable

® Printed "Getting Started" manual

® Printed "Basic Safety Instructions" brochure

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.

Risk of instrument damage due to overheating

An insufficient airflow can cause the R&S RTM3000 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
The R&S RTM3000 can be used with different AC power voltages and adapts itself
automatically to it.

The nominal ranges are:
® 100V to240V AC at 50 Hz to 60 Hz
° 16Ato0.7A
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max. 160 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.

To start the instrument

1.

Connect the power cable to the AC power connector on the rear panel of the
R&S RTM3000.

Connect the power cable to the socket outlet.

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

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

Press the [Standby] key.

The instrument performs a system check and starts the firmware.

6 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 30 min.

To power off the instrument

1.

2.
3.

Press the [Standby] key.

All current settings are saved, and the software shuts down. All data transfers and
running processes are interrupted.

Switch the main power switch at the rear of the instrument to position 0.

Disconnect the AC power cable from the AC power supply.

Overview of power switch and [Standby] key actions

Action Condition Result [Standby]
Set power switch to I. [Standby] key was off Instrument is in standby mode. Yellow
when switching power
switch to 0.
[Standby] key was on Instrument performs system check | Green
when switching power | and boots the firmware. It is ready
switch to 0. for operation.
Switch [Standby] on. Power switch is on.
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Action Condition Result [Standby]

Switch [Standby] off. Power switch is on. Software shuts down. All instru- Yellow
ment settings are saved, running
data transfers and processes are
interrupted (e.g., self-alignment).

Instrument is in standby mode.

Set power switch to 0. Instrument is working, Software shuts down. All instru- Off
[Standby] is Green. ment settings are saved, running
data transfers and processes are
interrupted (e.g., self-alignment).

No power on the instrument.

Set power switch to 0. Instrument is in standby | No power on the instrument. Off
mode, [Standby] is Yel-
low.

2.1.4 Replacing the Fuse

The instrument is protected by a fuse. You can find it on the rear panel between the
main power switch and AC power supply.

Type of fuse: Size 5x20 mm, 250V~, T3.15H (slow-blow), IEC60127-2/5

Risk of electric shock

The fuse is part of the main power supply. Therefore, handling the fuse while power is
on can lead to electric shock. Before opening the fuse holder, make sure that the
instrument is switched off and disconnected from all power supplies.

Always use fuses supplied by Rohde & Schwarz as spare parts, or fuses of the same
type and rating.

1. Pull the fuse holder out of its slot on the rear panel.
2. Exchange the fuse.

3. Insert the fuse holder carefully back in its slot until it latches.

2.2 Instrument Tour

2.2.1 Front View

Figure 2-1 shows the front panel of the R&S RTM3000. The function keys are grouped
in functional blocks to the right of the display.
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&2 ROHDE&SCHWARZ RTM3004 -[Oscilloscope - 5 GSass - 10-bit ADC

e Pattern Generator Gen Ext. Trigger In [~}
D = i ©5 20
L .
11 10 9 8 7 6 5 4

Figure 2-1: Front panel of R&S RTM3000 with 4 input channels

1 = Display

2 = Horizontal and vertical setup controls

3 = Trigger settings, action and analysis controls

4 = Analog input channels (BNC)

5 = External trigger input

6 = Connectors for demo signal output

7 = Connector for optional function generator output (BNC, R&S RTM-B6)
8 = Connectors for optional pattern generator (R&S RTM-B6)
9 = Connectors for probe compensation

10 = USB connector

11 = [Standby] key

The R&S RTM3002 has 2 input channels, and the R&S RTM3004 has 4 input chan-
nels.

2211 Input Connectors

Ext. Trigger In (» 1] Chz
A @ N (o)
T EC .
’:UT "?D ceocee
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BNC inputs (4 and 5)

The R&S RTM3000 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.

For channel connectors, the input impedance is selectable, the values are 50 Q and
1 MQ.

A WARNING

Risk of electrical shock - maximum input voltages

The maximum input voltage on channel inputs must not exceed:

® 400V (peak) and 300 V (RMS) at 1 MQ input impedance

® 30V (peak) and 5V (RMS) at 50 Q input impedance

For the external trigger input, the maximum input voltage is 400 V (peak) and
300 V (RMS) at 1 MQ input impedance.

Transient overvoltages must not exceed 400 V (peak).

For further specifications, refer to the data sheet.

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, lll or IV circuits, make sure that no such
overvoltages reach the R&S RTM3000 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.
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2.2.1.2 Other Connectors on the Front Panel

& 5 O

== i
| T | T
10 9 8 7 6
[Demo] (6)

The pins are intended for demonstration purposes.

[Gen]: Function Generator (7)
BNC output of the function generator (with option R&S RTM-B6).

[Pattern Generator] (8)
Connectors for the pattern generator PO, P1, P2, P3.

[Probe Comp.] (9)
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 (10)

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.
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2.2.2 Side View

Figure 2-2: Side view of R&S RTM3000
1 = Connectors for logic probe (Mixed Signal Option R&S RTM-B1)

Logic probe

The connectors for logic channels can be used if the Mixed Signal Option R&S RTM-
B1 is installed. The option provides connectors for two logical probes with 8 digital
channels 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 400 MHz.

2.2.3 Rear View

Figure 2-3 shows the rear panel of the R&S RTM3000 with its connectors.
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Figure 2-3: Rear panel view of R&S RTM3000

1 = Aux Out connector

2 = USB connector, type B

3 = LAN connector

4 = AC power supply connector and main power switch

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

7 = not used

[Aux Out] (1)
Multi-purpose BNC output that can function as pass/fail and trigger output, and output
of 10 MHz reference frequency.

[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.

[LAN] (3)

8-pin connector RJ-45 used to connect the instrument to a Local Area Network (LAN).
It supports up to 1 Gbit/s.
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AC supply: mains connector and main power switch (4)
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.

1 2 3 4 5 6

LY m |BE] Q ™ & = o I Auto 20 ps/ Complete

Undo Delete  Menubist.  Zoom FFT Annotation Quitkccess . 126 mV 1.25 GSafs 10ps Sample

f29.99992kHz V1: 250,98mV V2: 4.883mV AV: 255.86mV

an Z0mvpp
7 High? 10 kHz

910 11 12 13

Figure 3-1: Display of the R&S RTM3000 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 RTM-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:

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

L 4

Scroll down.
Select "Apps".

Apps Selection

Applications Protocol

Quickieas

Z

Probe Adjust

L

Function Gen. Pattern Gen.

3.3 Using the Touchscreen

3.3.1 Accessing Functionality Using the Main Menu

Using the touchscreen of the R&S RTM3000 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 bot-
tom corner of the display.

[
User Manual 1335.9090.02 — 04 32



R&S®RTM3000 Operating Basics

?Help ? Help

N

Vertical

>

History

HisWlry Protocol

(=]

Measure Display

100 s

Figure 3-2: Open the main menu and select a menu item

Source 1 —1 ?Help Source 1 _l ?He[p

-
Source 2 —1 » Source 2 — »

History Mathematics

State @ ¥ State Bo

Source 1 Source 1

Cl €1 o
Operator
Addition
Source 2
Q

Mathematics History

Operator
Addition
Source 2
2 @
Reference
I\
o0
Protocol
| Gl

Display

Protocol

Display

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.

AC
20MHz Auto
50Q £ Rising
Probe

\  Falling

Auto Scale
Off Y Elther

ienu

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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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

3.3.4 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.

@ .RQB 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
Q @ 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
Q selected waveform.
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Front Panel Keys

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 RTM-K15 is installed, swipe two fingers in the diagram to
scrolls through the history segments.

Front Panel Keys

For an overview of the front panel keys, see figure 2-1 on page 25.

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

® Horizontal section: see Chapter 4.4.1, "HORIZONTAL Controls", on page 62.
® \lertical section: see Chapter 4.3.1, "VERTICAL Controls", on page 44.

® Trigger section: see Chapter 5.1, "Trigger Controls", on page 71

® Action section, see Chapter 3.4.1, "Action Controls", on page 36.

® Analysis section, see Chapter 3.4.2, "Analysis Controls", on page 37.

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 523

3.4.2 Analysis Controls

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

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.

[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 8 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.

Press the key to stop quick measurements.
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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 RTM-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 RTM-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.

ﬂﬁm’\*m&'?

Undo Redo Delete M Single Meter FFT Annotation (]

2. Disable the functions that you do not need.
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3. Tap the functions that you need. You can select maximum 8 functions.

Toolbar

S 72 B

Redo Preset

(IO

Menu Hist.

.,

Save Wavef, RunfStop

[T I = S AY

Mask Reference

.
—
e
—

Report

You can select up to 8 tools.

4. Close the dialog box.

3.6 Quick Access

/\ )
Autoset
~,

M Single

Q

Search

¥

Setup

? X
r o @

Save Setup  LoadSetup  Screenshot

N H

Meter

&

Cursor

~

Edu. Mode

Set to Default

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 38.

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 RTM3000. 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 38.

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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N 0T Bt Q@ b &£ F

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.

|
User Manual 1335.9090.02 — 04 41



R&S®RTM3000 Waveform Setup

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.
AC
20MHz
Probe

Auto Scale

Off Menu

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 [Preset] key.
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7. Press the [Autoset] key.

[Preset]

Resets the instrument to the default state, without analyzing the signal. The previous
user-defined configuration is removed and all channels except for channel 1 are dis-
abled.

Remote command:
*RST

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

Remote command:
AUToscale on page 385

Adjusting Passive Probes

Passive probes, which are delivered with the instrument, are already pre-compensated
to the R&S RTM3000 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 =& [Apps Selection] key.

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.

undercompensated optimum overcompensated

|
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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 offset.

® Drag one finger vertically on the screen to change the offset of the selected chan-
nel 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.
® Use the comprehensive menu to adjust all vertical settings.

4.3.1 VERTICAL Controls

Vertical

[Ch <n>]
For each analog channel, a channel key is available. The key is illuminated in the
channel color, if the channel is on.
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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 387

[Offset / Position (upper knob)]

The rotary knob adjusts the following, depending on the selected waveform:
e (Offset or position of an analog channel (adjustable)

® \lertical 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 div.

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

® Pods: set to the center of the display

Remote command:

CHANnel<m>:0FFSet on page 389
CALCulate:MATH<m>:POSition on page 425
REFCurve<m>:VERTical:POSition on page 428

[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 388
CALCulate:MATH<m>:SCALe on page 425
REFCurve<m>:VERTical:SCALe on page 429

[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 RTM-B1.

Logic analyzer functions are described in Chapter 14, "Logic Analyzer (Option
R&S RTM-B1, MSO)", on page 351.
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[Ref]
Displays the reference waveforms with their last configuration. The key works in the
same way as the channel keys.

Reference wavforms are described in Chapter 6.3, "Reference Waveforms",
on page 100.

[Math]
Enables the math waveform, a waveform calculated from the captured data. The key
works in the same way as the channel keys.

Mathematics is described in Chapter 6.2, "Mathematics", on page 96.

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.
If the channel was not selected, tap twice: Once to select the waveform, and next
to open the short menu.

AC
20MHz
500
Probe

Auto Scale

Off Menu

Functions in the short menu:

e "AC | DC": see "Coupling" on page 48.

e "<current bandwidth>" ("20MHz" in the above example): see "Bandwidth"
on page 49.

® Termination: "1 MQ" or "50 Q", see "Termination" on page 49.

® "Probe": opens the "Probe" menu, see Chapter 4.3.4, "Probe Settings for Probes
with BNC Connector”, on page 51.

e "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.

|
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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.
Vertical

Channel 1
Channel 2
Channel 3

Channel 4

Vert. Position Knob
Offset

» 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.

|
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State N | Vertical Scale

50 mv/f

Coupling Offset
DC oV

I 5 Deskew

Ground
0s

Termination Zero Adjust

500 oV
Bandwidth Waveform Color
Full Default

Invert Bo Probe

Position
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, offset is set. [Preset] does not affect the assigment.

Channel <n>
Opens the channel menu.

State
Switches the selected channel on or off.

Remote command:
CHANnel<m>:STATe on page 387

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 389
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Ground
Connects the input to a virtual ground. All channel data is set to 0 V. Ground connec-
tion is labeled with . The coupling is not affected by the ground setting.

Remote command:
CHANnel<m>:COUPling on page 389

Termination

Adjusts the input impedance of the instrument to the impedance of the DUT. If an
active Rohde & Schwarz probe is used, the termination is read out from the probe -
usually it is 50 Q.

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

"50 " Used for measurement systems with characteristic impedance of
50 Q. The input resistor of the oscilloscope minimizes the reflections
along the signal path, and increases the accuracy of measurement
results. DC coupling is set automatically. 50 Q termination is indicated
in the waveform labels by an Q.

Remote command:
CHANnel<m>:COUPling on page 389

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 390

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.
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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 390

Position

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

Remote command:
CHANnel<m>:POSition on page 389

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.

Remote command:
CHANnel<m>:SCALe on page 388

Offset

The offset voltage is used to correct 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.

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

If an active differential probe is connected, set the common-mode offset to compensate
for a common DC voltage applied to both input sockets (referenced to the ground
socket). Thus, you can measure on differential signals with high common mode levels,
for example, current measurements using a shunt resistor. You can measure the com-
mon mode input voltage using the R&S ProbeMeter.

Remote command:
CHANnel<m>:0FFSet on page 389

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 may lead to a non-synchronous waveform display.
For example, a coax cable with a length of 1 meter has a propagation delay of typically
5.3 ns.
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Remote command:
CHANnel<m>:SKEW on page 390

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 391

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 391

4.3.4 Probe Settings for Probes with BNC Connector

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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Vertical Setup

A

~ Probe Adijust

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 394
PROBe<m>:SETup:GAIN:MANual on page 395

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 394
PROBe<m>: SETup:GAIN:UNIT on page 394

Probe Adjust
Starts the probe adjustment procedure. A wizard explains the adjustment step by step.

Probe Settings for Probes with Rohde & Schwarz Interface

Probes with Rohde & Schwarz probe interface have an integrated data memory that
contains identification data and individual probe correction parameters. The

R&S RTM3000 can detect these probes and read out the data, for example, band-
width, termination and attenuation. These parameters do not need any adjustment.

Other parameters, like the offset value for the selected channel, the micro button action
and other probe-specific settings are defined in the probe menu.

Access: [Ch <n>] > "Probe" (scroll down). Or: short channel menu > "Probe"
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The menu provides the settings for the recognized probe. If no probe is recognized, the
default probe menu for BNC-connected probes is shown. The channel label at the bot-
tom shows the probe type, and coupling or termination.

4.3.5.1 Active Broadband Single-Ended Probes

Active single-ended probes like R&S RT-ZS10 and R&S RT-ZS20 provide special fea-
tures: the micro button and the ProbeMeter. The ProbeMeter measures DC voltages
between the probe tip and ground. Special features are available in the "Probe" menu
if the probe is connected and recognized by the instrument.

Access: [Ch <n>] > "Probe" (scroll down); or short menu > "Probe"

)—
1
Probe: RT-Z520

Offset
oV

Probeteter® Il

ficroButton
Continuous

O Info

Figure 4-3: Probe settings of R&S RT-ZS20 with ProbeMeter measurement

Offset
Same as "Offset" in the "Vertical" menu, see "Offset" on page 50.

ProbeMeter®
Activates the integrated R&S ProbeMeter of active Rohde & Schwarz voltage probes.

If a single-ended or power rail probe is connected, the ProbeMeter measures DC vol-
tages between the probe tip and ground connection and enables ground-referenced
measurements of voltages.

If a differential probe is connected, the ProbeMeter measures differential and common
mode voltages.

If activated, the ProbeMeter measures continuously and in parallel to the measure-
ments of the oscilloscope. The results are shown below the grid. You can switch off the
ProbeMeter using the button below the the results.
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Remote command:
PROBe<m>: SETup:O0FFSwitch on page 395
PROBe<m>: SETup:DCOFfset? on page 396

MicroButton

Active Rohde & Schwarz probes have a configurable micro button on the probe head.
Pressing this button, you can perform an action on the instrument directly from the
probe. During internal automatic processes the button is disabled, for example, during
self alignment, autoset, and find level.

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

"None" Select this option to prevent unwanted actions due to unintended
usage of the micro button.

"Continuous" Starts continuous acquisition, like the [Run Stop] key. The acquisition
is running as long as you press the micro button again.

"Single" Starts one acquisition.

"Autoset" Starts the autoset procedure

"Probe Menu"  Opens the probe menu.

Remote command:
PROBe<m>:SETup:MODE on page 396

Info

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

Active Probe on Channel1 7 X

General Information
Identification & Type: RT-Z520 single-ended
Mat.No. & Serial No.: 1410,3502,02 / 101527
Production Date: 2010-10-26

Electrical Characteristics
Bandwidth: 1.5 GHz

Attenuation: 10:1

Input Impedance: 1 M

Input Capacitance: 800 fF

Sensitivity: 25 mV

Propagation Delay: 5.56 ns

Input voltage range: 8¥ — +8V
Probe DC-Offset range: -12V — +12 ¥

Remote command:

PROBe<m>:SETup : NAME? on page 398
PROBe<m>:ID:BUILd? on page 396
PROBe<m>:ID:PARTnumber? on page 397
PROBe<m>:ID:PRDate? on page 397
PROBe<m>:ID:SRNumber? on page 397
PROBe<m>:ID:SWVersion? on page 397
PROBe<m>:SETup:BANDwidth? on page 398
PROBe<m>:SETup:ATTenuation [:AUTO] ? on page 399
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PROBe<m>:SETup:GAIN[ :AUTO] ? on page 399
PROBe<m>: SETup:CAPacitance? on page 399
PROBe<m>:SETup: IMPedance? on page 399

4.3.5.2 Active Broadband Differential Probes

Active differential probes like R&S RT-ZD10 and R&S RT-ZD20 provide special fea-
tures: the micro button and the ProbeMeter. The ProbeMeter measures the differential
and common mode voltages. Special features are available in the "Probe" menu if the
probe is connected and recognized by the instrument.

Access: [Ch <n>] > "Probe" (scroll down); or short menu > "Probe"

=

Probe C1: RT-ZD20

ov

Probeiieter® I

MicroButton
Continuous

Attenuator
RT-ZA15

O Info

Figure 4-4: Probe settings of R&S RT-ZD20 with ProbeMeter measurement

Offset
Same as "Offset" in the "Vertical" menu, see "Offset" on page 50.

ProbeMeter®
Same as "ProbeMeter®" for active broadband single-ended probes, see "ProbeMeter®"
on page 53.

MicroButton
Same as for active single-ended probes, see "MicroButton" on page 54.

Info
Same as for active single-ended probes, see "Info" on page 54.
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Attenuator RT-ZA15
If you use the external attenuator R&S RT-ZA15 together with one of the differential

active probes R&S RT-ZD, enable "Attenuator RT-ZA15" to include the external attenu-
ation in the measurements.

4.3.5.3 Current Probes

Rohde & Schwarz provides current probes with different output connectors: BNC or
Rohde & Schwarz probe box.
Current probes R&S RT-ZCxx

The current probes R&S RT-ZCxx have BNC connectors. The setup is described in
Chapter 4.3.4, "Probe Settings for Probes with BNC Connector", on page 51. Demag-
netizing and zero adjustment is done on the probe, see the probe's User Manual for
details. Make sure to demagnetize and adjust the probe before taking measurements.

Current probes R&S RT-ZCxxB

Current probes R&S RT-ZCxxB have a Rohde & Schwarz probe interface; they are
powered and remotely controlled by the oscilloscope.

When the probe is connected, demagnetization is performed automatically.

Access: [Ch <n>] > "Probe" (scroll down); or short menu > "Probe"

Probe: RT-ZC15B
Zero Adjust

Save
Zaro Adjust

Degauss

O Info

Zero Adjust
Sets the waveform to zero position. After demagnetizing, always carry out a zero

adjustment. The setting corresponds to Zero Adjust in the channel menu but the value
is set in %.

Save Zero Adjust

Saves the "Zero Adjust” value in the probe box. If you connect the probe to another
channel or to another R&S RTx oscilloscope, the value is read out again.
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Degauss

Demagnetizes the core if it has been magnetized by switching the power on and off, or
by an excessive input. Always carry out demagnetizing before measurement. The
demagnetizing process takes about one second. During demagnetizing, a demagnetiz-
ing waveform is present at the output.

Info
Same as for active single-ended probes, see "Info" on page 54.

4.3.5.4 High-Voltage Differential Probes

Rohde & Schwarz high-voltage differential probes of the R&S RT-ZHD series have the
same settings as active broadband differential probes, and additional range settings.
Other high-voltage differential probes have a BNC interface, dor setup, see Chap-

ter 4.3.4, "Probe Settings for Probes with BNC Connector", on page 51.

Access: [Ch <n>] > "Probe" (scroll down); or short menu > "Probe"

Probe C1: RT-ZHD16

Offset
ov

ProbeMeter® Il

MicroButton
Continuous v
Input voltage range
Auto

Bandwidth

Limit

Audible

4
3 ns "‘ Overrange

C ProbelVleter®

Info
g O
1

T Dift:  60mV
. Cm: -20mv = Back

Figure 4-5: Probe settings of R&S RT-ZHD16 with results of ProbeMeter measurement

Offset
Same as "Offset" in the "Vertical" menu, see "Offset" on page 50.

ProbeMeter®

Same as "ProbeMeter®" for active broadband single-ended probes, see "ProbeMeter®"
on page 53.

MicroButton
Same as for active single-ended probes, see "MicroButton" on page 54.
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Input voltage range
Sets the voltage range of a R&S RT-ZHD probe. You can set the range on the probe
control box or at the oscilloscope.

"Auto" The voltage range is set only at the oscilloscope by adjusting the ver-
tical scale.

"<High value>" Sets the higher voltage range of the connected probe. The selection
list shows the value that is specified on the probe.

"<Low value>" Sets the lower voltage range of the connected probe. The selection
list shows the value that is specified on the probe.

Bandwidth Limit

Activates the lowpass filter in the probe control box. You can also set the filter directly
on the probe control box. The limit depends on the probe type and is shown on the
probe control box.

Audible Overrange
Activates the acoustic overrange warning in the probe control box. You can also acti-
vate the sound directly on the probe control box.

Info
Same as for active single-ended probes, see "Info" on page 54.

4.3.5.5 Power Rail Probes

Rohde & Schwarz power rail probes like R&S RT-ZPR20 have a Rohde & Schwarz
probe interface with ProbeMeter, but no micro button. R&S RT-ZPR probes require
50 Q termination, which is set automatically. The ProbeMeter measures DC voltages
between the probe tip and ground.

Access: [Ch <n>] > "Probe" (scroll down).
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Probe C1: RT-ZPR20

Offset
ov

ProbeMeter® Il

O Info

: Probelater®

DG 63mV

Figure 4-6: Probe settings of R&S RT-ZPR20 with ProbeMeter measurement

Offset
Same as "Offset" in the "Vertical" menu, see "Offset" on page 50.

ProbeMeter®
Same as "ProbeMeter®" for active broadband single-ended probes, see "ProbeMeter®"
on page 53.

Info
Same as for active single-ended probes, see "Info" on page 54.

4.3.6 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).

Threshold

Hysteresis
iedium

—/ Find Threshold

e
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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 392

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
! k/w

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 393

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 393

4.3.7 Label Settings

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

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

O

Predefined Label
User Defined

T Edit Label




Horizontal Setup

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 394
CHANnel<m>:LABel on page 393

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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Trigger point Reference point Resnlutmn

F“L“:;Lo_l:um

sample in record

L

Horizantal
acquisitiun
window

Horizontal position|{time)

_Reference point (%)
le

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

Horizontal

[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.



4.4.2

Horizontal Setup

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 400
REFCurve<m>:HORizontal :POSition on page 428
TIMebase:Z00M: TIME on page 423

[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 400
REFCurve<m>:HORizontal:SCALe on page 428
TIMebase:z00M: SCALe on page 423

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

See also: Chapter 6.1, "Zoom", on page 92.

Remote command:
TIMebase:Z00M: STATe on page 422

[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 65.

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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.
\: s _ Sample

Auto 500 ns/
2.5 GSafs 0s

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 400

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 400
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4.5

4.5.1

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 400

Acquisition Setup

During an acquisition, the R&S RTM3000 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 71.

® 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.

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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Auto
2.5 GSafs

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 107.

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 402

ACQuire:POINts[:VALue] on page 402
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Acquire Mode

Waveform Setup

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 RTM3000
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"

"Peak Detect"

"High Resolu-
tion"

"Average"

"Average +
HRll

"Envelope"

"Enve-
lope + PD"

"Envelope +
HR"

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.

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.

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

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 68.

Combines the high resolution mode with averaging over several
acquisitions.

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.

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

Each acquisition is done in high resolution mode, and the minimum
and maximum values over some consecutive acquisitions build the
envelope.
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Remote command:
CHANnel<m>:ARIThmetics on page 403
CHANnel<m>:TYPE on page 403
ACQuire:PEAKdetect on page 404
ACQuire:HRESolution on page 404

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 404
ACQuire:AVERage:RESet on page 404

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 386

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 to automatically ("Auto" mode).

Remote command:
TIMebase:ROLL:AUTomatic on page 405

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 405

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 405



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 61.

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 RTM3000 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.

Run
Levels Stop

B |

[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 407

[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 407

[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.



Shortcuts for Trigger Settings

Remote command:
TRIGger:A:LEVel<n>[:VALue] on page 409
TRIGger:A:FINDlevel on page 410

[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 385

[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 386
RUNContinous on page 386
STOP on page 386
ACQuire:STATe on page 386

[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 RTM3000-K15 is available, you can set the number of acquis-
itions: press the [Acquisition] key and enter "Nx Single".

Remote command:
SINGle on page 386
RUNSingle on page 386

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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DR

Auto 0 ns/
2.5 GSafs Os

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

Trigger Mode

Norm
Trigger Type
Edge

Source

HF Reject I (o]

Noise Reject [ O

Hold OFff Bo

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 "Auto". 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 407

Trigger Type

Selects the trigger type.

"Edge" Triggers on signal edges.
See Chapter 5.4, "Edge Trigger", on page 75.

"Edge A/B" Triggers on a sequence of two edge trigger conditions.
See Chapter 5.5, "Edge A/B Trigger", on page 77

"Width" Triggers on pulse width.
See Chapter 5.6, "Width Trigger", on page 78.

"Video" Triggers on various PAL, NTSC and HDTV standard video signals.
See Chapter 5.7, "Video Trigger", on page 81.

"Pattern” Triggers on logical combinations of the input channels.
See Chapter 5.8, "Pattern Trigger", on page 83.

"Runt" Triggers on pulses lower than normal in amplitude.
See Chapter 5.9, "Runt Trigger", on page 86.

"Risetime" Triggers on fast or slow rising or falling edges.
See Chapter 5.10, "Rise Time Trigger", on page 87.

"Timeout" Triggers on signal level timeout.
See Chapter 5.11, "Timeout Trigger", on page 89.

"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 RTM-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 212.

Remote command:
TRIGger:A:TYPE on page 408

Source
Selects the trigger source.



Edge Trigger

"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 RTM-B1 is installed.
Not available for video, runt, and risetime trigger.

"Extern" Sets the external trigger input on the front panel as trigger source.
Available for edge and video trigger.

"B1, B2, B3 or Serial bus that is used for triggering on protocols. Only available, if
B4" the trigger type "Serial Bus" is selected.

Remote command:
TRIGger:A:SOURce on page 407

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 408
TRIGger:A:HOLDoff:TIME on page 409

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

Source

Hysteresis
Automatic
Coupling
DC

HF Reject fo

Noise Reject [ O
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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 409

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 409
TRIGger:A:FINDlevel on page 410
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Edge A/B Trigger

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.

Remote command:
TRIGger:A:HYSTeresis on page 410
TRIGger:A:LEVel<n>:HYSTeresis on page 410

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.

"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 410

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 410

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 411

5.5 Edge A/B Trigger

The edge A/B trigger is a sequence of two edge trigger conditions. The instrument trig-
gers if both edge trigger conditions (A and B) are fulfilled. You can configure a delay
between the A- and B-trigger.

» [Trigger] > "Trigger Type" = "Edge A/B" > "Trigger Setup"
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Edge A/B

A 5 Edge A/B
B

" Trigger Mode
1 2 3 4 5 6 n

Trigger Type
Edge A/B

A s00mv| £ LA\ B soomv, S\ L Trigger Setup

Hysteresis  Medium v Hysteresis  Medium v

Hold Off Bo

Trigger  After Eventsv

Trigger Setup

Opens a dialog where you configure the trigger sequence. On the left, the first edge
trigger (A) is defined as usual. On the right, a second edge trigger (B) is defined with
the same parameters: source, level, edge, and hysteresis. The conditions of the B-trig-
ger are considered when the conditions of the A-trigger are met.

In addition, you can set a delay for the B-trigger ("Trigger").

Remote command:
TRIGger:B:ENABle on page 411
TRIGger:B:SOURce on page 411
TRIGger:B:EDGE:SLOPe on page 412

Trigger
Sets a time delay or event delay for the B-trigger. The instrument waits for that delay
after an A-trigger until it recognizes the B-trigger.

"After time" Sets the time the instrument waits until it checks the B-trigger condi-
tion.

"After events"  Sets a number of B-trigger events that fulfill the B-trigger condition
but do not cause the trigger. The oscilloscope triggers on the n-th
event, the last of the specified number of events.

Remote command:

TRIGger:B:MODE on page 412
TRIGger:B:DELay on page 412
TRIGger:B:EVENt:COUNt on page 412

5.6 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.
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Width Trigger

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

v v

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

>

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

1 = Inside: min width < pulse < max width
2 = Outside: pulse < min width OR pulse > max width

R A

. O . ©

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"
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Trigger Type
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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 413

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.
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5.7

Video Trigger

"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 413

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 413

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 ttAt.

Remote command:
TRIGger:A:WIDTh:DELTa on page 414

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 413
TRIGger:A:WIDTh:DELTa on page 414

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

See also "Threshold" on page 60 and "Trigger Level, Threshold" on page 76.

Remote command:
TRIGger:A:LEVel<n>[:VALue] on page 409
CHANnel<m>:THReshold on page 392

Hysteresis
Hysteresis of the trigger source channel, see "Hysteresis" on page 60.

Remote command:
CHANnel<m>:THReshold:HYSTeresis on page 393

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.
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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
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Standard

Selects the color television standard.

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

"NTSC"

"SECAM"

"PAL-M"

"SDTV 576i" (PAL and SECAM)

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 414
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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 414

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" Enables triggerin on an exact "Line" number.

Remote command:
TRIGger:A:TV:FIELd on page 415

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 415

5.8 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.
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R&S®RTM3000 Trigger

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

Set All

n H Pattr:rn
I_I_'_I_I

- Trigger Mode

Norm

Trigger Type

Duration Ml s Trve Pattern

Edit Pattern

Hodoff o

Timetl 400 us

Variation 150 ps

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 4.3.6, "Threshold Settings", on page 59.

The thresholds of logic channels are also set in the [Logic] > "Threshold and Deskew"
dialog, see Chapter 14.2, "Logic Analyzer Settings", on page 353.

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 RTM-B1.

Thus the pattern can have 2, 4, 18, or 20 bits.

Use "Set All" to set all channels to the same state.
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Pattern Trigger

Remote command:
TRIGger:A:PATTern: SOURce on page 416

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 416

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.

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

® |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 416

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 5.6, "Width Trigger", on page 78.

® "Timeout" and "Time t"
Define a minimum time during which the signals match the pattern condition.

® "Width >" or "Width <" and "Time t"
Triggers if the pattern condition changes before or after the specified time.

® "Width =", "Time t1" and "Variation"
Triggers if the pattern condition is fulfilled for a duration "Time t1" £ "Variation".

® "Width #", "Time t1" and "Variation"
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.

® "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.
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Remote command:

TRIGger:A:PATTern:MODE on page 417
TRIGger:A:PATTern:WIDTh:RANGe on page 417
TRIGger:A:PATTern:WIDTh[:WIDTh] on page 418
TRIGger:A:PATTern:WIDTh:DELTa on page 418

5.9 Runt Trigger

A runt is a pulse lower than normal in amplitude. The amplitude crosses the first
threshold twice in succession without crossing the second one. For example, this trig-
ger can detect logic, digital, and analog signals remaining below a specified threshold
amplitude because I/O ports are in undefined state.

» [Trigger] > "Trigger Type" = "Runt"

Trigger Type
Runt

Source

_/~ Find Threshold
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Find Threshold

Polarity

Sets the polarity of a pulse, that is the direction of the first pulse slope.

o positive going pulse, the width is defined from the rising to the falling slopes.
o negative going pulse, the width is defined from the falling to the rising slopes.
° selects both positive and negative going pulses.

Remote command:
TRIGger:A:RUNT:POLarity on page 419
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5.10

Rise Time Trigger

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:
TRIGger:A:LEVel<n>:RUNT:UPPer on page 418

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:
TRIGger:A:LEVel<n>:RUNT:LOWer on page 418

Hysteresis
Hysteresis of the trigger source channel, see "Hysteresis" on page 60.

Remote command:
CHANnel<m>:THReshold:HYSTeresis on page 393

Find Threshold

The instrument analyzes the signal and sets the upper and lower trigger levels. If no
level can be found, the existing values remain unchanged, and you can set the thresh-
olds manually.

Rise Time Trigger

The rise time trigger, also known as slew rate or transition trigger, can detect fast or
slow rising or falling edges selectively. It triggers on edges, if the rise or fall time from
the lower to higher voltage level (or vice versa) is shorter or longer as defined, or inside
or outside a specified time range. The trigger finds slew rates that are faster than
expected or permissible to avoid overshooting and other interfering effects. It also
detects very slow edges violating the timing in pulse series.

» [Trigger] > "Trigger Type" = "Risetime"
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Trigger Type
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Polarity

Sets the edge, the transition time of which is to be analyzed:
° rise time trigger

° fall time trigger

° rise and fall time trigger

Remote command:
TRIGger:A:RISetime:SLOPe on page 421

Comparison

Selects how the time limit for the slew rate is defined. The time measurement starts
when the signal crosses the first trigger level - the upper or lower level depending on
the selected slope - and stops when the signal crosses the second level.

"Greater than" Triggers on transition times longer than the given "Rise Time".

"Lower than" Triggers on transition times shorter than the given "Rise Time".

e
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Timeout Trigger

"Equal" Triggers on transition times inside the time range Rise Time #* Varia-
tion.

"Not equal" Triggers on transition times outside the time range Rise Time # Varia-
tion.

Remote command:
TRIGger:A:RISetime:RANGe on page 420

Rise Time
Sets the reference rise time, the nominal value for comparisons.

Remote command:
TRIGger:A:RISetime:TIME on page 421

Variation
Defines a time range around the given "Rise Time" value.

Remote command:
TRIGger:A:RUNT:DELTa on page 419

Upper Level
Sets the upper voltage threshold. When the signal crosses this level, the slew rate
measurement starts or stops depending on the selected polarity.

Remote command:
TRIGger:A:LEVel<n>:RISetime:UPPer on page 420

Lower Level
Sets the lower voltage threshold. When the signal crosses this level, the slew rate
measurement starts or stops depending on the selected slope.

The value corresponds to the threshold value of the trigger channel.

Remote command:
TRIGger:A:LEVel<n>:RISetime:LOWer on page 420

Hysteresis
Hysteresis of the trigger source channel, see "Hysteresis" on page 60.

Remote command:
CHANnel<m>:THReshold:HYSTeresis on page 393

Find Threshold
See "Find Threshold" on page 87.

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.
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y .
> < time

Figure 5-8: Timeout trigger with range Stays High

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

Trigger Type

Timeout

Source

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 421

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

Remote command:
TRIGger:A:TIMeout: TIME on page 422

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

See also "Threshold" on page 60 and "Trigger Level, Threshold" on page 76.
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Trigger Out Signal

Remote command:
TRIGger:A:LEVel<n>[:VALue] on page 409
CHANnel<m>:THReshold on page 392

Hysteresis
Hysteresis of the trigger source channel, see "Hysteresis" on page 60.

Remote command:
CHANnel<m>:THReshold:HYSTeresis on page 393

5.12 Trigger Out Signal

The R&S RTM3000 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 190.

2. Using remote commands, you can set the pulse width and polarity of the trigger out
pulse. The commands are described in Chapter 16.10.5, "Trigger Out",
on page 533.
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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.

® \ertical 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.

» 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. A rectan-
gle indicates the current zoom area.
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Auto

2.5G5afs

1.25 G5afs Sample Zoam Off

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 = Sample rate in zoom window
6 = Horizontal scale and position of the normal waveform
7 = Close zoom window

e
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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 95.

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 [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 423

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:Z0O0M:TIME on page 423

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.

Short menu

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.

M1: FIRST=DIV(C1,C2) . g
M2: sun(a,z@
M3: MULET, 1

M4: DIV{C1,C2)in ¥

M5: ADD{C1,2)in ¥

Off enu

50/ M
MUL{C1,M1)in ¥

1 = 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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6.2.1 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:

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 44.

6.2.2 Math Waveform Settings

In the "Mathematics" menu, you find the general math settings:

® Switching mathematics on and off.

® Saving the configured equations in an equations set file.

® |oading a previously saved equation set.

In the "Equation Set Editor", you configure up to 5 math waveforms, and set their visi-

bility. Each equation consists of one or two operands and an operator. An operand can
be an input channel, a constant value, or a math waveform with lower number.
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Equation Set Editor
State Label

[ FreT

Source(s)

Cl

A
—

c2

cons

(G~ W = 2
— —

A
[w]
N

Waveform Analysis

Operation

Addition .
Mathematics

State N |

Subtraction

Multiplication

Division

Addition

Figure 6-3: Mathematics menu and Equation Set Editor

The following operations are available:

Addition

Op1 + Op2
Adds the two operands.

Subtraction

Op1 - Op2

Subtracts the second operand from the first operand.

Multiplication

Op1 * Op2

Multiplies the two operands.

Division

Divides the first operand by the second operand.

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

Square

SRR

Op1 * Op1

Squares the operand. If the operand contains negative values that
have been clipped, then the result contains positive clipping.
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Square Root Square Root (Op1)

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

Abs. Value |Op1|

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

Reciprocal 1V / Op1
Divides 1V by the operand values.
For small operand amplitudes the result increases quickly. If the

operand crosses zero, the result would be a range of +« to -». In
this case, instead of 0V, 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 operand, i.e. all values are mir-
rored at the ground level. Thus, a positive voltage offset becomes
negative. If the amplitude of the operand is clipped, the result is

the inverted limitation.

Common Log. aur log (Op1)
7 l l w | Calculates the logarithm to the basis 10 of the operand. Note that
the logarithm of a negative number is undefined and the result is

clipped.
:: pp

Natural Log. ur In (Op1)

___ﬂjf Calculates the logarithm to the basis e (Euler number) of the oper-
and. Note that the logarithm of a negative number is undefined

and the result is clipped.
=

Derivative f(Op1)

/
— The derivative corresponds to the rise of the tangent through a
function point and indicates the dimension of the change in quan-
—'n‘f— tity of the operand 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 operand.

The calculation is displayed in the illustration. The integration
starts at point "a" and adds the area beneath the waveform. Point
"b" indicates the currently calculated value. At the end of the 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.
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6.3

Reference Waveforms

Low pass IIR (Op1,BW=0p2)

Calculates a low-pass filtered waveform of "Operand 1". The cut-

off frequency BW is set with constant "Operand 2". Signal compo-
nents with frequencies higher than the cut-off frequency are atte-

nuated significantly.

High pass IIR (Op1,BW=0p2)

Calculates a high-pass filtered waveform of "Operand 1". The cut-
off frequency BW is set with constant "Operand 2". Signal compo-
nents with frequencies below the cut-off frequency are attenuated
significantly.

Remote commands:

® CALCulate:MATH<m>:STATe on page 424

® CALCulate:MATH<m>[:EXPRession] [:DEFine] on page 424

® CALCulate:MATH<m>:POSition on page 425

® CALCulate:MATH<m>:SCALe on page 425

® \Waveform transfer: see Chapter 16.9.1.3, "Math Waveforms", on page 506

® History data: see Chapter 16.6.5.2, "Displaying History Segments", on page 448
and Chapter 16.6.5.3, "Timestamps", on page 452

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 187.

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.

3. Enter the file name.
4. Optionally, enter a comment.

5. Tap "Save".

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.
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Reference Waveforms

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.

HIVE

R2: C1

R3: C1

R4: Unused
Off

500 mV/
1 msf

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.

TRF is the specific binary format for reference waveforms of the R&S RTM3000. 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 RTM3000.

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.
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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 44
e Chapter4.4.1, "HORIZONTAL Controls", on page 62
To save a waveform as reference waveform
You can save any active waveform directly as reference waveform to a file.
1. To open the "References" menu, tap the € menu icon and select "References".
Tap "Save Reference".
Select the waveform that you want to save: "Source".
Tap "Destination".

Select the "Location" (internal or USB).

o o M w b

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".

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) Tap the € menu icon in the lower right corner of the screen.
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b) Scroll down. Select "References".
Source
C1
Reference
R2

2V, Copy

State I o

|mg Load Reference

Save Reference

Waveform Color
Default

Label

[0 7= To IS 11 U 104
SAVE REIEIENCE. ....coeeeeeeeeeeeee e e e e e e e e e e e e 104
AT = 1YY (o] g O] o] AU PROS PR 104
[T oYY 105
L Bl ettt ettt ettt ettt n e e eene 105
L o =TSRRI 105
L Predefined Label..........covov ittt 105
L Bt LADEL. ettt ee et en e 105
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 426
REFCurve<m>:SOURce:CATalog? on page 426

Reference
Selects one of the four possible reference waveforms.
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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 427

State
Activates the reference waveform and displays it.

Remote command:
REFCurve<m>:STATe on page 427

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 427

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 428

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.

"Comment" Optionally, enter text to describe the waveform.

"Save" Saves the data.

Remote command:
REFCurve<m>:SAVE on page 427

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 51.
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6.4

6.4.1

Remote command:
REFCurve<m>:WCOLor on page 429

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 429

History and Segmented Memory (Option R&S RTM-
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 RTM3000 measurement and analysis tools are available: zoom,
cursor measurements, quick and automatic measurements, mask test, serial protocol
analysis, mixed-signal functions and so on.

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.

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

|
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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

Segmented SERRE emims jesezc weing
memory at M 1B
time =ts Discarded e LR LU

earlier | I
waveforms | ts ty I ts
I 12 waveforms acquired > 10 segments
|
9 -7 -6 -5 -4 -1 0
Segmented TEE AT SWHE SWEE SRS S AW TR TR SR S G i
e ET mmmmm A
time = t13 muamae Taad i " i otF mmummE

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 RTM-B1).

® Decoded bus data if the bus is active (with at least one serial protocol option, for
example, R&S RTM-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, ultra segmentation
is provided.

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.
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6.4.2 Activating the History

To activate the history

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

3. Enable "Show History".

The "History" button in the menu turns blue as long as the history is active, and 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

1. Tap the "Menu" icon.

2. Select "History".

3. Disable "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 [ ©

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 446

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 402
ACQuire:POINts[:VALue] on page 402

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 105

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 105

Remote command:
ACQuire:SEGMented:STATe on page 448
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6.4.4

: Segment Table

Number Trigger
Trg'

-1 Trg'
Trg'

Trg'

Trg'

Trg'

Show History
Enables or disables the history.

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.

Relative Time Time Format

Relative Time

PP DA AN A

Play Prev. Next Repeat Speed Number Overlay Average Envelope

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.
e Drag the slider until the required segment number is shown.
e Tap "Number" and enter the segment number. The newest segment has always
the number "0". Older segments have a negative number.
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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 16.6.5.3, "Timestamps", on page 452

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 111.

Remote command:
EXPort:ATABle:NAME on page 456
EXPort:ATABle:SAVE on page 456

Run / Stop
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

Speed
Sets the speed of the history playback: automatic, slow, middle, or fast.
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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

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.

Overlay
Displays the segments with infinite persistence. Thus, you can see all data points of all
displayed segments of a player cycle.
6.4.5 Exporting History Data
History segments can be saved to files on a USB flash drive even if the history is not

activate. 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.

Press the [Save Load] key.

2

3. Select "Waveforms" in the menu.

4. Under "Points", select "History Data".
5

Under "Source", select whether you want to store all visible channels, or one of
them.
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6. 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
File Name Auto Name
HIST_A03 X
Format Source Points
Vis. Channels v History Data

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

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

8. Tap "Save".

A message shows the progress of the saving process.

9. Close the dialog box.

To save the segment table

1. Connect a USB flash drive to the instrument.
In the segment table window, tap "Save".
To select the target folder, double-tap it.

2

3

4. Tap "New File".
5. Enter the filename.
6

Tap "Enter".
The file is saved immediately, and the window is closed.
6.4.5.2 File Organization and Content
The segment table and history segments are saved to CSV files.

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.
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Date Time
“Jstart of Acquisition 2017-10-13 [13:55:19 |
2017-10-13 135527
53
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
-31-6.363604384000000E-01 1.001169600000000E-02 2017-10-13 13:55:26 13.6363956160E-01 Tra'd

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.

| WFMO1

| WFMO2

| WFMOG

. WFMOT C1_0.CSV
C1.1.CSV
C1_2.CSV
C1.3.CSV
C1_4.C5V
C1_5.C5V

INDEX.CSV

—— —

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,Clin%C2in'

-3.00000E-04 -5.518E-03 2 .540E-01
-2 99994E-04 -5.9532E-03 2.510E-01
-2 99939E-04 -6.932E-03 2.515E-O
-2 99933604 -5.932E-03 2.510E-01
-2 99975E-04 -6.005E-03 2 .515E-01
-2 9997 2E-04 -5.932E-03 2 .530E-01
-2 99956E-04 -9 424E-03 2 505E-01
-2.99951 E-04 -5.932E-03 2. .500E-01
-2 99955604 -5 494E-03 2 544E-01
-2 B99950E-04 -5.518E-03 2.505E-01

Figure 6-7: Content of a history segment file, two channels are saved
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.
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6.5

6.5.1

Murmber Date Time Thousandths in ms Filename
0,2017-04-18 16:18:10,0.000000000e0,C1_0.CSW
-1,2017-04-18 16:18:09 994 500019200e-3,C1_1.CEV
-2, 2017-04-18 16:18:09 989.699993500.-3,C1_2 CEW
-3,2017-04-18 16:18:09 9834 .8300000000e-3,C1_3.CEW
-4 2017-04-18 16:18:03 979 4999651600e-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

Search

Search Conditions and Results

The search functions of R&S RTM3000 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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Hysteresis
25 mY

-/~ Find Threshold

: Search

Search Event Table: C1, Edge, Positive

-200.000us
-99.998us
2.800ns
100.004us

Search Results: 1-4 16

Figure 6-9: Search results and settings during running acquisition

Remote commands to get search results:

® SEARch:RCOunt? on page 445

® SEARch:RESult:ALL? on page 444

® SEARch:RESult<n>? on page 445

® SEARch:RESDiagram:SHOW on page 444
® SEARch:RESult:BCOunt? on page 444

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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: Search

Search Event Table: C1, Edge, Positive

1 -300.0020ps
2 -200.0020ps
3 -100.0020ps
4 -1.2000ns

Search Results: 1-4 17

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.

Search Type
Edge
Source

C1

Setup

-~
¥ | Search

Search Event Table: C1, Edge, Positive Track Event

-1.2000ns Save
99.9996us
200.0004us
300.0000us

Search Results: 4=7 /7

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 430

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 119.

"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 120.

"Peak" The peak search finds pulses exceeding a given peak-to peak value.
For settings, see Chapter 6.5.5, "Peak Search", on page 121.
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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 122.

"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 123.

"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 125.

"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 126.

"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.

"Window" The window search checks the signal run in relation to a "window".
The window is formed by the upper and lower voltage levels. The
search condition is fulfilled, if the waveform enters or leaves the win-
dow, or if the waveform stays inside or outside for a time longer or
shorter than specified.

For settings, see Chapter 6.5.10, "Window Search", on page 128.

Remote command:
SEARch:CONDition on page 431

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 432

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

Remote command:
EXPort:SEARch:NAME on page 445
EXPort:SEARch:SAVE on page 446

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”

Edge
Slope

Falling
Level

61.03 mV
Hysteresis

63.97 mV

—/~ Find Threshold

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

Remote command:
SEARch:TRIGger :EDGE: SLOPe on page 432

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 432

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 432
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Find Threshold
Analyzes the signal, sets the level to 50% of the signal amplitude, and also sets the
hysteresis.

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"

Width

Polarity

Positive
Level
125 my
Hysteresis
64.71 mV

—/ Find Threshold

Comparison
Width =
Width
400 ps

Variation

+100 ps

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

Remote command:
SEARch:TRIGger:WIDTh:POLarity on page 433

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 433

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".

|
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Remote command:
SEARch:TRIGger:WIDTh:LEVel : DELTa on page 433

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

The comparison works like the comparison of the width trigger, see Chapter 5.6, "Width
Trigger", on page 78.

Remote command:
SEARch:TRIGger :WIDTh:RANGe on page 433

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

Remote command:
SEARch:TRIGger :WIDTh:WIDTh on page 434

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 434
6.5.5 Peak Search
The peak search finds pulses exceeding a given peak-to-peak value (magnitude).
» [Search] > "Search Type" = "Peak" > "Setup"

Peak

Polarity
Positive

Magnitude
200 my

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

Remote command:
SEARch:MEASure:PEAK:POLarity on page 434

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 435
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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.

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

Rise/Fall Time
Slope

Rising
Upper Level

600 mV/
Lower Level

400 mV/

—/~ Find Threshold

Comparison

Greater Than

Rise/Fall Time
399.9996 ps

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 435

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 435
SEARch:TRIGger:LEVel :RISetime:UPPer on page 435

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".
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Search
"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.

Remote command:
SEARch:TRIGger:RISetime:RANGe on page 435

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

Remote command:
SEARch:TRIGger:RISetime: TIME on page 436

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 436

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”
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Runt

Polarity

Positive
Upper Level

600 my
Lower Level

400 my

~/~ Find Threshold

Comparison
Width #
Width
400 ps
Variation
+100 ps

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

Remote command:
SEARch:TRIGger :RUNT:POLarity on page 436

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 437

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 437

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 5.6, "Width
Trigger", on page 78.

Remote command:
SEARch: TRIGger : RUNT : RANGe on page 437

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

Remote command:
SEARch:TRIGger :RUNT:WIDTh on page 437

|
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Variation

Sets a range At to the reference "Width" if comparison is set to "Equal" or "Not equal".
The instrument finds pulses inside or outside the range width + At.

Remote command:

SEARch:TRIGger :RUNT:DELTa on page 438

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.

60.06 mV

Hysteresis
27.34mV

DaQZClock

Polarity

Positive
Data

Q

Level

Setup Time
Os
Hold Time
53.004 ps

125.98 mV

Hysteresis
63.97 mV

—/~ Find Threshold

Clock
Selects the input channel of the clock signal.

Remote command:
SEARch:TRIGger:DATatoclock:CSOurce on page 438

Data
Selects the input channel of the data signal.

User Manual 1335.9090.02 — 04 125



6.5.9

Search

Remote command:
SEARch : SOURce on page 432

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 438
SEARch:TRIGger:DATatoclock:DLEVel on page 438

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 439
SEARch:TRIGger:DATatoclock:DLEVel:DELTa on page 439

Polarity

Sets the edge of the clock signal to define the start point for the setup and hold time.

"Rising" Only positive clock edges are considered.

"Falling" Only negative clock edges are considered.

"Either" The clock edges next to the data edge are considered regardless of
the clock slope. Use this setting, for example, for signals with double
data rate.

Remote command:
SEARch:TRIGger:DATatoclock:CEDGe on page 439

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 439

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 439

Pattern Search
For pattern search, up to four analog channels can be used as source. If MSO option

R&S RTM-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
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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".

7 X
Set Al

Comparison
Widthz w

R _!"L I

Width 400,002 us

Variation | 50,0024 us

Threshold Hysteresis Threshold Hysteresis
50 my £2my 3 50 my £10 my

2 50 my £2my 500 mv £200 my

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 440
SEARch:TRIGger:PATTern:LEVel<n>:DELTa on page 441

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 RTM-B1. Use "Set
All" to set all channels to the same state.

Remote command:
SEARch:TRIGger :PATTern: SOURce on page 440

AND, OR, NAND, NOR
Sets the logical combination of the channel states.
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"AND" The required states of all channels must appear in the input signal at
the same time.
"OR" At least one of the channels must have the required state.
"NAND" "Not and" operator, at least one of the channels does not have the

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

Remote command:
SEARch:TRIGger:PATTern:FUNCtion on page 440

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 5.6, "Width
Trigger", on page 78.

Remote command:
SEARch:TRIGger :PATTern:WIDTh:RANGe on page 441

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

Remote command:
SEARch:TRIGger:PATTern:WIDTh[:WIDTh] on page 441

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 441

6.5.10 Window Search

The window search checks the signal run in relation to a "window". The window is
formed by the upper and lower voltage levels. The search condition is fulfilled, if the
waveform enters or leaves the window, or if the waveform stays inside or outside for a
time longer or shorter than specified.
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Window

Condition
Enter

Upper Level

600 mv
Lower Level
400 mV

Polarity
Either

Condition
Selects how the signal runs in relation to the window. Additionallz, various time limita-
tions can be defined with "Comparison" for most window conditions.

"Enter" The signal crosses the upper or lower level and thus enters the win-
dow made up of these two levels.

"Exit" Searches for events when the signal leaves the window.

"Stay within" The signal stays between the upper and lower level for a specified
time.

"Stay outside" The signal stays above the upper level or below the lower level for a
specified time.

"Pass through" The signal crosses both levels in a specified time. The time measure-
ment starts when the signal crosses the first level.

"Not pass The signal crosses one level, but does not cross the second level in a
through" specified time.

Remote command:
SEARch: TRIGger :WINDow: RANGe on page 442

Upper Level, Lower Level

Set the upper and lower voltage thresholds. When the signal crosses the first level, the
window 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 :WINDow: LOWer on page 442
SEARch:TRIGger:LEVel :WINDow:UPPer on page 442

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

Remote command:
SEARch:TRIGger:WINDow: POLarity on page 442

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

The comparison works like the comparison of the width trigger, see Chapter 5.6, "Width
Trigger", on page 78.
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Remote command:
SEARch:TRIGger :WINDow: TIMerange on page 443
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7 Measurements

7.1 Quick 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

e
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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 457

® MEASurement<m>:AOFF on page 458

® VMEASurement<m>:ALL[:STATe] on page 458
® MEASurement<m>:ARESult? on page 458

7.2 Automatic Measurements

You can perform up to 8 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 133.

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 137.

7.2.1 Measurement Results

The measurement results are shown in a line below the grid.
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100 Lz 150 ps

& VAmp: 2.52 V

10:1
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.

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.

=200 s =150 s -100 s L% 100 p= 160 us

X Statistics

Current Minimum Maximum flean o-Deviation \Wave count
10.000 kHz 10.000 kHz 10.00 kHz 10.00 kHz 58.35 mHz 1509

11.20 ns 11.20 ns 11.20 ns 11.20 ns E] 1509

10.05 kHz 10.05 kHz 10.05 kHz 10.05 kHz 128.34 mHz 1509

-17.63 ps -49.72 ps 49.70 ps 3.39ps 28.18 us 663

Figure 7-2: Statistic results of four active measurements

Remote commands are described in:
® Chapter 16.7.2.2, "Measurements Results", on page 463

7.2.2 Measurement Types

The R&S RTM3000 provides many measurement types to measure time and ampli-
tude 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= ]I_/ T
in Hz first period.
LS{0L/SEE TITTTRTN R
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.
TS{0 ;7000 ORI, ST
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 O.% '!' 10|O%
the signal. Ttr :
——
N SRR S
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 O.% '!' 10|O%
of the signal. Tt :
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. S
Lo/ ¥
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. Q0% Y
Pulse width + PW+ Duration of the first positive pulse: time between a rising
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
ins edge and the following rising edge measured on the 50%
level.
Delay Dly Time difference between two slopes of the same or different
waveforms, measured on the 50% level.
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Meas. type Symbol Description Graphic / formula
Phase Phs Phase difference between two waveforms, measured on the | Phase = At/ T * 360°
PR 50% level.
in e
100%
Slew rate + Slewrt+ Steepness of the rising edge, measured between the refer- | Slewrt = AV / At
ence levels 10% and 90%
Slew rate - Slewrt- Steepness of the falling edge, measured between the refer- | Slewrt = AV / At
ence levels 90% and 10%
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 Top oo f N ,
signal. The measurement requires at least one complete .
period of the signal. Amplitude
Basemsd................. \.. ... g
Top level Vtop High level of the displayed waveform - the upper maximum RIS R L ——
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. SYVRR S P
Mean cycle MeanCyc | Mean value of the left-most signal period.
inV
DC"'? ..................................... P
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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 - Yoo R P
N-T
Peak to peak Vpp Difference of maximum and minimum values. Max - e,
Pk-Pk
Mln ...............
Peak+ Vp+ Maximum value within the displayed waveform. Max---3
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|ygq — TOP
is calculated f | level, base level, | Over+=——2% -100%
Neg. Overshoot _Ovr is calculated from measurement values top level, base level, Amplitude
' local maximum, local minimum, and amplitude.
in % _Mi
Over- = 225¢ “MiNogal 44,
Amplitude
Top oo P - OVELE
Amplitude
Base ....... iOVer-
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 Max | x; |
the maximum value divided by the RMS value of the dis- Crest =
played waveform.

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 1 2 3 NIL
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.

Negative pulse CntP- Number of negative pulses on the display. The mean value 1 2 3 NI
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.

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
Z
o

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.

-
N
«W
z
~

7.2.3 Settings for Automatic Measurements

» To open the "Measure" menu, press the [Meas] key.
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|

ffleas. Place
1

Type
Delay

easure 1

Type feasure Source
Peak Peak €1

Source ffleasure Source 2
Cl )

Use _
Gate =/ Delay Setup I

Statistics

== Delete all
Measurements

Reference
FL Level

[ Gate Setup

In the measurement menu, you can configure up to 8 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 458

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 459

Source

Selects an analog channel, reference or math waveform as the source of the selected
measurement. If MSO option R&S RTM-B1 is installed, active digital channels are
available as measurement sources.

e
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If the waveform is not active, it is activated automatically when selected as measure-
ment source.

Remote command:
MEASurement<m>:SOURce on page 461

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 461

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 462

Use Gate
Activates or deactivates the measurement gate. To set the gate, scroll down and select
Gate Setup.

Remote command:
MEASurement<m>:GATE on page 468

Statistics
Activates or deactivates the statistical evaluation for the selected measurement.

Remote command:
MEASurement<m>:STATistics[:ENABle] on page 462

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 463

Delete all Measurements
Deactivates all active measurements.

Reference Level

Upper Level

Middle Level

Lowver Level
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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 469
REFLevel:RELative:LOWer on page 469
REFLevel:RELative:MIDDle on page 470
REFLevel :RELative:UPPer on page 469

Gate Setup
Gate Setup
iflode
Relative
Start

Stop

Define a gate to limit the measurement to a time range. You can set the "Start" and
"Stop" time in absolute or relative values, depending on the "Mode".

Remote command:

MEASurement<m>:GATE : MODE on page 468
MEASurement<m>:GATE:ABSolute: STARt on page 468
MEASurement<m>:GATE:ABSolute:STOP on page 468
MEASurement<m>:GATE:RELative:STARt on page 468
MEASurement<m>:GATE:RELative:STOP on page 468

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.

Available results depend on the cursor type and the type of the waveform.
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|

Vertical & Horiz. v

Source
C1 v

Track Scaling IR

Coupling Bo
il Set To Trace

|:| Set To Screen
=10k us HERTEY s 05w 106

12:200.000ps Y23 my At: 99,999 pis &V: 3154 = Back

Figure 7-3: Cursor measurement with vertical and horizontal cursors and Set To Trace

Results = below the grid
Cursor lines 1, 2, 3 = not active
Cursor line 4 = active, 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".
4. Select the "Source", the waveform you want to measure.

5. Set additional settings if necessary: Track Scaling, Coupling, Set To Trace, or Set
To Screen.

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.

s
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7.3.1 Cursor Settings

» To open the "Cursor" menu:

a) Tap the € "Menu" icon in the lower right corner of the screen.
b) Scroll down. Select "Cursor".

Type

C1 v

Track Scaling il

Coupling N |

] Set To Trace

|:| Set To Screen

Cursor
Activates or deactivates the cursor measurement.

Remote command:
CURSor<m>:STATe on page 471

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.

"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)
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"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 471
CURSor<m>:TRACking[:STATe] on page 472 (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 RTM -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 471

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 474

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 473
CURSor<m>:YCOupling on page 473

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 473



Cursor Measurements

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 473



Mask Testing

8 Applications

8.1

8.11

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 32.

The following applications are available:

® "QuickMeas": see Chapter 7.1, "Quick Measurements", on page 131

® "Probe Adjust": see Chapter 4.2, "Adjusting Passive Probes", on page 43

® "Function Gen.": see Chapter 15.1, "Function Generator", on page 360
e "Pattern Gen.": see Chapter 15.2, "Pattern Generator", on page 367

®  MaASK TESHING. . eeeeeei e 145
L I o I g =1 £ SR 152
e Spectrum Analysis and Spectrogram (Option R&S RTM-K18).......cueeeeiiiiiieennnns 159
LI I - To | - 1 o 1 171
®  Digital VOIMETEr ... e 173
L J I T To [T @010 | (= P EURRRRI 175
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.

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.

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:
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1453 Failed: 35902 Total:

Elapsed : \:\ " IEB ﬁ ﬁ X
P . 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 476 to start the mask application
® MASK:COUNt? on page 480

® MASK:VCOunt? on page 480

File format for masks: MSK

MSK is the specific binary format for masks of the R&S RTM3000. 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 RTM3000.

8.1.2 Using Masks

Starting the mask application
1. Press the i [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 38.

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".
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______________________________________________________________________________________________________________________________________________________________|

0 Failed: 0 Total:
0% Elapsed :

b gl a B X

Reset Run New Size + Size - Save Load Capt.Fails Setup Exit

100my O

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".

0 Failed: Total :
e & ¢ (@ @ 2 8 X

0% Elapsed :

New Size + Size - Save Load Capt.Fails Setup Exit

6. To save the mask for later use, tap "Save".

To load a mask

1. Press the [&&&l [Apps Selection] key.
2. Tap "Mask".

3. Tap "Load".

s
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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 146
e "To load a mask" on page 147

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.

: Mask
Passed: 1453 Failed: 35902 Total: 37355
3.89 % Elapsed : 34s

Stop New  Sie+ Sze- Sme  load aptFails Setup  Exit

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.

Total :

S > D e X

Reset Run New Size + Size - Save Load Capt. Fails Setup Exit

Elapsed :
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Reset
Deletes all test results.

Remote command:
MASK:RESet :COUNter on page 480

Run, Stop
Starts or finishes the mask test.

Remote command:
MASK:TEST on page 480

New
Creates a mask from the envelope of the selected channel waveform.

Remote command:
MASK:SOURce on page 477
MASK:CHCopy on page 477

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 478
MASK:LOAD on page 478

Capt. Fails
If selected, only failed acquisitions are saved in memory segments.

Only available with history option R&S RTM-K15.

Remote command:
MASK:CAPTure [ :MODE] on page 481

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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