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R&S®Scope Rider RTH For Your Safety

1 For Your Safety

To prevent electric shock, personal injury, or fire caused by high voltages, carefully
read and observe the following safety information:

® This chapter, the first part of the safety booklet, provides warnings and safety infor-
mation for usage of oscilloscopes, probes, and other measurement accessories.

® The second part of the safety booklet provides basic safety instructions

® Product manuals provide specific safety instructions for procedures and measure-
ment accessories.

Electrical safety

® \oltages 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 protec-
tive measures to preclude direct contact with the measurement setup:

— Do not touch exposed connections and components when power is applied.
— Use only insulated voltage probes, test leads and adapters.
® Make sure that only personnel familiar with the potential risks of measuring electri-

cal quantities controls the instrument. Observe applicable local or national safety
regulations and rules for the prevention of accidents.

® Use only specified probes and accessories that comply with the measurement cat-
egory (CAT) of your measurement task. If you use other than Rohde & Schwarz
accessories, make sure that they are suitable for the instrument and the measure-
ment task.

® Observe all voltage and current ratings of the instrument, the probes, and the
accessories. The lowest rated component defines the rating of the complete mea-
surement setup. Limits and ratings are marked on the products and listed in the
data sheets.

For probes, consider that the rated voltage depends on the frequency. The voltage
limitation curves are provided in the data sheet. Do not exceed these two ratings:

— Maximum measurement voltage from the probe tip to the probe reference lead.
— Maximum floating voltage from the probe reference lead to earth ground.

® Set the correct 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.

® Set up all connections to the instrument before applying power.
® Do not open the instrument casing.

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

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

® Observe the operating conditions specified in the data sheet and in the basic safety
instructions.
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______________________________________________________________________________________________________________________________________________________________|

Battery replacement

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

Use only the specified Li-ion battery pack, which is delivered with the instrument.
You can order additional battery packs at Rohde & Schwarz, see data sheet for
order number.

Do not operate the instrument with the battery cover open.
Use only the specified power adapter, which is delivered with the instrument.

Cleaning

Remove all probes, leads, USB and LAN cables and power supply before cleaning the
instrument. Use only cleaning materials that are specified in the manual.

Measurement categories

IEC 61010-2-030 defines measurement categories that rate instruments on their ability
to resist short transient overvoltages that occur in addition to the working voltage. Use
the measurement instrument and accessories only in electrical environments for which
they are rated.

O - Instruments without rated measurement category

For measurements performed on circuits not directly connected to mains, for exam-
ple, electronics, circuits powered by batteries, and specially protected secondary
circuits. This measurement category is also known as CAT I.

CAT Il

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

CAT Il

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

CAT IV:

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

Low voltage High voltage
0 (CATI) CAT Il CAT 1l CAT IV
g ===
% © o ././J. ><
[ < X
g — N Q} .=I.- ! X
Powerlsupply Wall slocket MainI fuse Transflormer
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Preface

2 Getting Started

2.1 Preface

2.1.1 Key Features

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

key features are:

® Full isolation of all channels and interfaces

e CAT IV 600V /CAT Il 1000 V safety rating

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

® Acquisition speed up to 50.000 waveforms per second

® 2 mV/div sensitivity

e Upto 200 V offset range

® 33 automatic measurement functions

® Full operation using touch or keypad

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

The R&S RTH combines:

® | ab performance oscilloscope

® | ogic analyzer with 8 digital inputs (optional)

® Protocol analyzer with trigger and decode (optional)

® Data logger

® Digital multimeter (R&S RTH1002)

2.1.2 Input Isolation

The instrument has independently floating isolated inputs. Each input channel has its
own signal input and its own reference input. Each input channel is electrically isolated
from the other input channels. Therefore, each reference of the used inputs must be
connected to a reference voltage. Furthermore, input channels are electrically isolated
from the communication ports and the power adapter input.



213

Preface

CH4 DC and/or AC voltage

] | | [ Hu i

CH1 CH?2 CH3 Channel reference

System DC input

USB,
Ethernet

Interfaces

-
il

T

Electrical insulation MSO0 logic probe

Figure 2-1: Isolation scheme of the R&S RTH

The input isolation has several advantages:

You can measure independently floating signals simultaneously.

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

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

Documentation Overview

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

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

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

Getting Started

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



2.2

Preparing for Use

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

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

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

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

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

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

Preparing for Use

This section describes the basic steps to be taken when setting up the R&S RTH for
the first time.


http://www.rohde-schwarz.com/manual/rth
http://www.rohde-schwarz.com/manual/rth
http://www.rohde-schwarz.com/brochure-datasheet/rth
http://www.rohde-schwarz.com/brochure-datasheet/rth
https://gloris.rohde-schwarz.com/calcert
http://www.rohde-schwarz.com/firmware/rth
https://www.rohde-schwarz.com/application/rth/
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A WARNING

Shock hazard caused by high voltages

The instrument must be used in an appropriate manner to prevent electric shock, fire,
personal injury, or damage.

® Do not open the instrument casing.

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

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

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

® \Voltages higher than 30 V RMS or 42 V peak or 60 V DC are regarded as hazard-
ous contact voltages. Make sure that only electrically skilled persons use the
R&S RTH for measurements on hazardous contact voltages. These working condi-
tions require special education and experience to perceive risks and to avoid haz-
ards which electricity can create.

® Observe the operating conditions specified in the data sheet.

® Read and observe the "Safety Instructions" delivered as a printed brochure with the
instrument. Also read and observe the safety instructions in the following sections.

2.2.1 Unpacking the Instrument

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

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

2. Unpack the handheld scope and the accessories and check the contents for com-
pleteness, see "Package contents" on page 13.
If anything is missing, contact your Rohde & Schwarz service center.

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

User Manual 1326.1578.02 — 12 12



Preparing for Use

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.

Package contents

The delivery package contains the following items:

® R&S RTH handheld oscilloscope

® 4 Gbyte microSD card, installed in the battery compartment

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

® Battery pack

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

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

® Hand strap, attached on the handheld scope

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

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

2.2.2 Inserting and Charging the Battery

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

Risk of electrical shock during battery replacement

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

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

® Do not operate the instrument with the battery cover open.
® Use only the specified power adapter, which is delivered with the instrument.




Preparing for Use

1. Turn off the instrument power. Remove power supply, probes, test leads and all
other cables.

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

Screw down the battery cover.

2 T

Connect the power adapter to the connector on the left side of the scope, and fully
charge the battery. Charging may take a few hours.



Preparing for Use

If the instrument is on, the battery status is shown on the display.

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

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

2.2.3 Powering On/Off

» Press the © [Power] key to switch the instrument on or off.

The key blinks and turns green after a few seconds.

Table 2-1: Colors of the Power key

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

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

2.2.4 Using the Tilt Stand

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



Preparing for Use

» Pull the tilt stand as shown below.

2.2.5 EMI Suppression

Electromagnetic Interference (EMI) may affect the measurement results.

To suppress generated Electromagnetic Interference:

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

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



Instrument Tour

2.3 Instrument Tour

2.3.1 Front View

RTH1002 - Digital Oscilloscope : Isolated - 5 GSals

x: 4251 mv Top= 1881mV  sony S ENNem  Trig?
: 40320 B w: 15730 i
v

- -
| | al Measurement
\ 1 1 2 3 4

siae o
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100 mv B 50 mv B

f ] A F 3
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Figure 2-2: Front panel of the R&S RTH1002

= Touch display

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

= Mode selection

= Save/Recall

= Instrument settings

= Power on/off

= Navigation controls

9 = Horizontal settings

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

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

14 = Multimeter measurements

O ~NO A WN -~



Instrument Tour

RTH1004 - Digital Oscilloscope - Isolated - 5 GSa/s

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

SHIFT

10

LEVEL

ACQUIRE 1 1

12 13

Figure 2-3: Front panel of the R&S RTH1004

= Touch display

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

= Mode selection

= Save/Recall

= Instrument settings

= Power on/off

= Navigation controls

9 = Horizontal settings

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

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

0N O WN -

For a description of the keys, see Chapter 2.4.1.3, "Using Front Panel Keys",
on page 30.



Instrument Tour

2.3.2 Top View

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

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

AllInputs

‘o

Figure 2-4: Top view of R&S RTH1002

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

Figure 2-5: Top view of R&S RTH1004

Shock hazard caused by high voltages

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

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

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

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

Maximum input voltage:

® At BNC inputs: CAT IV 300 V

® With probe R&S RT-ZI10 or R&S RT-ZI11: CAT IV 600 V, CAT IIl 1000 V
® Meter input: CAT IV 600 V; CAT IIl 1000 V

Voltage ratings: V RMS (50 to 60 Hz) for AC sine wave and V DC for DC applications.




Instrument Tour

Risk of electrical shock or fire

Voltages higher than 30 V RMS or 42 V peak or 60 V DC are regarded as hazardous
contact voltages. When working with hazardous contact voltages, use appropriate pro-
tective avoid electrical shock and injuries:

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

2.3.3

See also: Chapter 2.1.2, "Input Isolation”, on page 9.

Right View

1=LAN

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

4 = USB type A for flash drive

5 = Logic probe connector

CAUTION

Risk of injury or instrument damage

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

LAN connector

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

USB type A connector

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

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

Probe compensation

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

Logic probe connector

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

Risk of electrical shock - no CAT rating for MSO measurements

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

2.3.4 Left View

1 = DC input
2 = Kensington lock slot

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

Kensington lock slot

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

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

2.3.6 Display Overview

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

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

= Trigger type, trigger source, and trigger mode

= Capture status

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

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

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

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

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

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

11 = Menu button

© oo N OB WN -

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

2.4 Operating Basics

2.4.1 Accessing the Functionality

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

2411 Using the Touchscreen

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

? Help

\J o

Vertical A

Acquire

Figure 2-6: Open the menu and select a menu item

e
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? Help

Min------ Q i Q

Zoom Zoom
Measurement Measurement

2 — m £

Acquire f 7 Acquire
NG \

Type \ ?

Minimum

Source I\g Source f\/
1 Cursor ; c2 Cursor

Source 2 f(X) Source 2

fath

Trigger Level

Figure 2-8: Enter numerical value and unit

2.41.2 Using the Navigation Wheel

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

— Turn the wheel to move the focus.

— Press the wheel button to apply the selection.

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

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

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

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

Menu navigation

The following procedure describes how to access and navigate the menu. Navigating
dialogs and selecting parameter values works in the same way. See also Figure 2-9.

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

2. Press the wheel button to open the menu.

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

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

Vertical Zoom

)

Acquire

Logic

7'4

Trigger

Y

—

Horizontal G

& £

Z0om Math

Figure 2-9: Open the menu and select a menu item

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

3. Press [BACK].
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Trigger Mode Trigger Mode
Auto Auto

Trigger Type | Trigger Type
Edge Edge

Source Source

Cl (1

Slope

. - ISR

Trigger Level Q Trigger Level
Zoom 2 my Zoom

Slope

Horizontal Horizontal

Holdoff Mode Holdoff tode

Figure 2-10: Set numerical value using the wheel

Data entry using wheel and keypad

You can enter precise numerical values on the keypad. See also Figure 2-11.

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

2

3. Press the wheel button.

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

Press the wheel button.
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Trigger Level
Logic
Trigger Type

Edge 7;|I'
Source
C1 Inc

§lope ‘
- 1
Trigger Level Q

Zoom

Horizontal

(SHIFT)

Holdoff Mode

Trigger Level

&

Inc

(SHIFT) [SHIFT)

Figure 2-11: Enter numerical value and unit in the keypad

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

BHIFT selects numbers and unit.
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2.41.3 Using Front Panel Keys

For an overview of the front panel keys, see Figure 2-3

Operating Basics

Key

Press shortly

Press and hold

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

[PRESET] sets the instrument to the default
factory state.

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

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

[ZOOM] enables or disables the zoom with the
last configuration.

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

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

-
-

CURSOR

[CURSOR] starts or stops the last configured
cursor measurement.

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

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

[MATH] switches the math waveform on or off.

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

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

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

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

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

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

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

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

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

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

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

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

Press and hold

FILE

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

Saves measurement documentation:

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

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

All R&S RTH:

B B

Only R&S RTH1004:

(oo [ =]

The effect depends on the channel state:

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

If the channel is on but not in focus, the key
sets the focus. The key lights up.

Open or close the "Vertical"
dialog for the corresponding
channel to configure the chan-
nel settings.

Only R&S RTH1002:

[ DMM ]
omm | | el

[DMM] starts or stops the meter measurements
(same as [MODE] = "Meter").

[DMM REL] enables or disables relative meter
measurements.

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

TIME

[TIME] and [POS] adjust the horizontal time scale and position of the trigger

point.

[RANGE] and [POS] set the vertical scale (vertical sensitivity) and the vertical
position of the focused waveform (analog or channel, math or reference wave-

form).

SIGNAL
OFF

[SIGNAL OFF] switches off the focused wave-
form.

RUN [RUN STOP] starts and stops the acquisition.
STOP
[SETUP] opens or closes the "Trigger" dialog to select the trigger type and adjust
SETUP the trigger settings.
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Getting Started

Press shortly Press and hold

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

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

[Power] key: switches the power on or off

2.4.2 Selecting the Mode

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

1. Press the [MODE] key.

2. Select the mode:

e On the touchscreen: Tap the required mode icon.
e Using controls: Turn the wheel until the required mode is marked, and press
the wheel button to select the mode.
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. 7%y

FFT Spectrum

IPIEIE: hl
. li1,

Counter

-

Harmonic

32




Operating Basics

Remote command:

OP[ :MODE] on page 298

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

trigger settings to display stable waveforms.

1. Press the [PRESET] key.

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

2. Press the [AUTOSET] key.

The waveform is displayed.

2.4.4 Getting Information and Help

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

Note: When the help window is open, you can use only the [SHIFT] and [BACK] keys.
Other keys may not work as expected. Close the help window before you use the keys.

2441 Displaying Help

® "To open the help window" on page 33
® "To show information on a setting" on page 34
® "To close the help window" on page 35

To open the help window

» Tap the "Help" icon on the top of the menu.
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If a dialog is open, the dialog's help topic is shown beside the dialog.
If a menu is open, the table of contents is shown.
To show information on a setting

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

» Tap the setting's name.

The corresponding help topic is displayed.

View Contents Index Search 1 ] =

Waveform Setup > Vertical Setup > Coupling

Coupling

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

50 mV/ f}‘»‘f

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

"DC" The signal passes the input unchanged. Bandwidth

Full
Remote command:

CHANnel<m>: COUPling Invert ’_n

Top Probe Setting

o IENEE - I - I

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

Zoom
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View Contents Index Search I e

Waveform Setup > Vertical Setup > Coupling

Coupling

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

o IEEVES. State

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

7ontal
Remote command:

CHANnel<m>:COUPling @l

T[lp

50 mv/oc [ [

To close the help window

» Tap the "Close" icon in the upper right corner of the help window, or press [BACK].

2.4.4.2 Using the Help Window

The help window has several tabs:

View Contents Index Search

® "View": shows the selected help topic.

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

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

The help toolbar provides the following buttons:
] = X

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

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

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

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

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

5. To delete the keyword:

a) Tap the entry field again.
b) Tap "Clear".
c) Tap the Enter key.

To search the help for a text string
1. Tap the "Search" tab.

2. Tap the entry field on the top.

3. Enter the words you want to find.
If you enter several words with blanks between, topics containing all words are
found.
To find a string of several words, enclose it in quotation marks. For example, a
search for "trigger mode" finds all topics with exactly "trigger mode". A search for
trigger mode finds all topics that contain the words trigger and mode.

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

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

2.5 Maintenance

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

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

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


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

Maintenance

2.5.1 Cleaning

Shock hazard

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

Instrument damage caused by cleaning agents

Cleaning agents contain substances such as solvents (thinners, acetone, etc.), acids,
bases, or other substances. Solvents can damage the front panel labeling, plastic
parts, or screens, for example.

Never use cleaning agents to clean the outside of the instrument. Use a soft, dry, lint-
free dust cloth instead.

2.5.2 Information for Technical Support

If you encounter problems that you cannot solve yourself, contact your

Rohde & Schwarz support center at www.customersupport.rohde-schwarz.com. The
staff of our support center is optimally trained to assist you in solving the problems.
The support center finds solutions more quickly and efficiently if you provide them with
information on the instrument and an error description.

To create, collect and save the required information, you can create a service report. It
contains the bug report, all relevant setup information, reporting and log files, and the
instrument configuration (device footprint).
1. Press E, or open the "Setup" menu.

Scroll down.

Tap "Maintenance".

2
3
4. Select "Service".
5

Tap "Service Report".
The instrument creates the . report file and saves it to the USB flash device (if
connected), or to the microSD card.

6. Attach the report file to an email in which you describe the problem. Send the email
to the customer support address for your region as listed in the internet.


http://www.customersupport.rohde-schwarz.com
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2.5.3 Data Storage and Security

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

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

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

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

2.5.4 Storing and Packing

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

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

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

3.1 Connecting Probes

Shock hazard caused by high voltages

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

Obtain best signal integrity

To get the most accurate waveform display and best measurement results, remove all
redundant connectors: power adapter, USB flash drive, DMM test leads and unused
channels.

1. Connect the probe(s) to the channel input(s) at the top of the instrument.
2. Press and hold the [CH] key of the used input.
3. Select "Probe Setting".

4. Select the attenuation factor of the probe:

e To set a common attenuation factor, select it on the list.
e To set a user-defined attenuation factor:

— Select "User".

— Set the "Probe Factor".

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.
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100 V/A
0 V/A

10 m¥/A

CH2 1 my/A

User

5. Switch off the test circuit.
6. Connect the probe to the DUT.

7. Switch on the test circuit.

3.2 Vertical Setup

Channel Index
1 2 3

Logic

W,
- Channel 1 T _/_

_Coupling Trigger

—

Probe Setting n
‘ \ Harizontal
User

Probe F@Q

The controls and parameters of the vertical system adjust the scale and position of the

waveform vertically.

i) 1. To set vertical scale and position, use the [RANGE] and [POS] keys.

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

Vertical scale and vertical position affect the resolution of the waveform amplitude
directly. To get the full resolution, make sure that the waveforms cover most of the

screen's height.
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3.2.1 Vertical Settings

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

Channel Index
C1 2 3

Channel 1

Coupling

Probe Setting
1:1
Bandwidth
Full

Offset
Deskew
Technology

User
Yalue

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

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

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

Remote command:
CHANnel<m>:STATe on page 299

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

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

B=d DC coupling, the signal passes the input unchanged.

Remote command:
CHANnel<m>:COUPling on page 302
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Probe Setting

Selects the attenuation factor of the connected probe. The vertical scaling is adjusted
accordingly, and measured values are multiplied by this factor so that the displayed
values are equal to the actual signal values.

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

The menu lists the common attenuation factors. If the required factor is not in the list,
select "User" and set the Probe Factor.

Remote command:
CHANnel<m>:PROBe on page 300

Probe Factor
Sets a user-defined attenuation factor if the probe has an uncommon attenuation, and
the unit (V or A). The setting is available if "Probe Setting" is set to "User".

Remote command:
PROBe<m>:SETup:ATTenuation:MANual on page 301
PROBe<m>:SETup:ATTenuation:UNIT on page 301

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

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

with high accuracy.

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

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

See also: Chapter 3.2.2, "Effect of the Bandwidth Filter", on page 44.

For FFT analysis, the channel bandwidth also determines the frequency range dis-
played in the spectrum (see "Frequency range" on page 108).

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

"x MHz, x kHZ" Frequency limit. Frequencies above the selected limit are removed to
reduce noise at different levels. Limited bandwidth is indicated in the
channel label.
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Remote command:
CHANnel<m>:BANDwidth on page 302

Offset

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

Remote command:
CHANnel<m>:0FFSet on page 302

Deskew
Sets a delay for the selected channel.

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

Remote command:
CHANnel<m>:DESKew on page 303

Technology, Value

Sets the threshold, which is used to obtain the signal state. If the signal value is higher
than the threshold, the signal state is high (1 or true for the Boolean logic). Otherwise,

if the signal value is below the threshold, the signal state is considered low (0 or false).
The threshold is used by the pattern and state trigger.

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

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

Remote command:
CHANnel<m>:THReshold:TECHnology on page 303
CHANnel<m>:THReshold:USER on page 304
CHANnel<m>:THReshold:THReshold? on page 304
CHANnel<m>:THReshold:FINDlevel on page 304

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

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

In "Counter" mode, the [RANGE] keys set the measurement range.
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Remote command:

CHANnel<m>:SCALe on page 300

CHANnel<m>:RANGe on page 300

FFT mode:

SPECtrum: FREQuency:MAGNitude: SCALe on page 353
Spectrum mode:

SPECtrum: FREQuency: SCALe on page 358

Counter mode:

COUNter<m>:SENSe:RANGe on page 411

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

You can also drag the channel marker on the screen.

Remote command:

CHANnel<m>:POSition on page 302

Spectrum mode:

SPECtrum: FREQuency:POSition on page 357

3.2.2 Effect of the Bandwidth Filter

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

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

filters.
Table 3-1: Approximate signal delay dependent on the bandwidth filter
Filter Approx. delay Filter Approx. delay
200 MHz 30.2 ns 500 kHz 9.07 ps
100 MHz 30.7 ns 200 kHz 2213 s
50 MHz 138.5ns 100 kHz 43.87 ps
20 MHz 145 ns 50 kHz 87.47 ps
10 MHz 166.5 ns 20 kHz 218 us
5 MHz 193 ns 10 kHz 434.7 s
2 MHz 270.5ns 5 kHz 869.3 us
1 MHz 4.71 ps 2 kHz 2173 ms
1 kHz 4.347 ms
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3.3 Horizontal Setup

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

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

TIME POS

CJIC-T -

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

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

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

t=0

—q

Horiz. position from right ref. point (> 0)
\
|
Horiz. position from
middle ref. point (> 0)

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

A A A
Reference point Reference point Reference point
= Left = Middle = Right

Signal delay

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

See also: Chapter 3.2.2, "Effect of the Bandwidth Filter", on page 44.

El Description of settings

Time scale
100 ns/div

Horizontal position

400 ns

Reference point
| Middle v

|
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Time Scale
Sets the time scale (timebase) of the horizontal axis for all signals, in seconds per divi-
sion. The value is shown in the top information bar.

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

To set the time scale, you can also use the [TIME] keys.

Note: In FFT mode, the time scale may be restricted depending on the selected fre-
quency span, (see "Frequency Span" on page 111).

Remote command:
TIMebase:SCALe on page 305
TIMebase:RANGe on page 305

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

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

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

Remote command:
TIMebase:HORizontal:POSition on page 305

Reference Point

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

Remote command:
TIMebase:REFerence on page 306

3.4 Acquisition Control

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

% » To adjust the acquisition settings, press the [ACQUIRE] key, or select "Acquire" in
the main menu.

» To start or stop acquisition, press the [RUN STOP] key.
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The R&S RTH captures the input 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.

EI Description of settings

Acquisition Mode
Average v
Number of Averages

2 v

Reset Waveform

Sampling Rate C1 - C2
1.25 MSa/s

Preselected Record Len.

Min v

Act. Record Len. C1-C2
1.25kSa

Waveform Update
After full acquisition W

Acquisitions per Second
615

Figure 3-1: Acquire menu of R&S RTH1002 (without mixed signal option R&S RTH-B1)

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

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

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

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

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

"High Resolu-  The average of n captured sample points is recorded as one wave-
tion" form point. Averaging reduces the noise, the result is a more precise
waveform with higher vertical resolution.
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"Average" The average is calculated from the data of the current acquisition and
several acquisitions before. The method reduces random noise. It
requires a stable, triggered and periodic signal. The number of
acquisitions for average calculation is defined with Number of Aver-
ages.

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

Remote command:
ACQuire:MODE on page 306

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

Remote command:
ACQuire:AVERage:COUNt on page 307

Reset Waveform
Restarts the envelope and average calculation.

Remote command:
ACQuire:ARESet:IMMediate on page 307

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

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

Preselected Record Len.
Sets the record length.

"Max" Sets the maximum record length.
"Middle" Limits the record length to 12.5 ksample.
"Min" Limits the record length to 1.25 ksample.

Remote command:
ACQuire:POINts:PRESelect on page 307

Act. Record Len. C1 - C4

Shows the actual record length of analog channels. The actual value can be lower than
the value set with "Preselected Record Len." on page 48, depending on various condi-
tions:

® Number of active channels

® "Acquisition Mode" is "Peak Detect" or "High Resolution"

® |f the history option R&S RTH-K15 is installed: "Number of Segments". A high
"Number of Segments" can restrict the record length.
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Roll Mode

® In roll mode, if analog and digital channels are active: the minimum record length of
analog channels or digital channels is used.
® At slow timebases: see Waveform Update.

If the "Time Scale" is set to 100 s/div or higher, the actual record length can be higher
than the value set with "Preselected Record Len." on page 48.

Act. Record Len. D7 - DO
Shows the actual record length of digital channels. Only available if the mixed signal
option R&S RTH-B1 is installed, and logic channels are active.

Waveform Update
The setting is relevant if the time scale is 250 ms/div. At these slow timebases, you can
select how the acquired samples are displayed.

"Intermediate” The acquired samples are displayed before the acquisition is comple-
ted. In this mode, the record length is limited to 125 ksample.

"After full The acquired samples are displayed when the complete acquisition

acquisition" has been recorded. Depending on the selected time scale, it takes
some time until the waveform is visible. This mode does not limit the
record length and is always used for time scales <50 ms/div.

Remote command:
ACQuire:WAVeformupd on page 308

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

[RUN STOP] key
Starts and stops the acquisition.

Remote command:
RUN on page 306
STOP on page 306

Roll Mode

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

In roll mode, the following acquisition modes are available: sample, high resolution,
and peak detect.

i) To activate the roll mode:

1. Press the [MODE] key.
2. Select "Roll".
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To analyze the signal in roll mode, you can use:
® Zoom

® Automatic measurements

® Cursor measurements

® Mathematics

You can also save the waveform data. Saving stops the acquisition. Acquisition is
resumed when the data is written.

3.6 Trigger

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

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

Trigger conditions include:

® Source of the trigger signal (channel)

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

® Trigger mode

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

important to display the interesting part of the signal. See Chapter 3.3, "Horizontal
Setup", on page 45.

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.

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

Figure 3-2: Trigger information: width trigger on channel 2, single trigger mode

% » To adjust all trigger settings, press the [SETUP] key.

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

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

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

e Press the [SETUP] key. Select "Trigger Level", and enter the level value.
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» To start and stop acquisition, press the [RUN STOP] key.

3.6.1 General Trigger Settings

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

El Description of settings

Trigger ode
Normal

Trigger Type
Edge
Source

2

Slope

S L I
Trigger Lewel
-37.5 my

Holdoff tMode
off v

Noise Reject T

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

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

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

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

Remote command:
TRIGger :MODE on page 309

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

® Chapter 3.6.2, "Edge Trigger", on page 53
® Chapter 3.6.3, "Glitch Trigger", on page 54
® Chapter 3.6.4, "Width Trigger", on page 55
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® Chapter 3.6.5, "Video/TV Trigger", on page 57

R&S RTH-K19 trigger options

Chapter 3.6.7, "Pattern Trigger (R&S RTH-K19)", on page 62
Chapter 3.6.8, "State Trigger (R&S RTH-K19)", on page 64

Chapter 3.6.9, "Runt Trigger (R&S RTH-K19)", on page 65

Chapter 3.6.10, "Slew Rate Trigger (R&S RTH-K19)", on page 67
Chapter 3.6.11, "Data2Clock Trigger (R&S RTH-K19)", on page 68
Chapter 3.6.12, "Serial Pattern Trigger (R&S RTH-K19)", on page 70
Chapter 3.6.13, "Timeout Trigger (R&S RTH-K19)", on page 73
Chapter 3.6.14, "Interval Trigger (R&S RTH-K19)", on page 74
Chapter 3.6.15, "Window Trigger (R&S RTH-K19)", on page 75

Options containing special triggers
® Chapter 3.6.16, "Protocol Trigger (R&S RTH-K1, -K2, -K3, -K9 and -K10)",
on page 76

Remote command:
TRIGger:TYPE on page 310

Source

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

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

Remote command:
TRIGger: SOURce on page 310

Trigger Level
Sets the trigger voltage level.

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

Remote command:
TRIGger:LEVel<m>:VALue on page 310

Holdoff Mode
Selects the method to define the holdoff.

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

Holdoff Mode Holdoff hode Holdoff Mode
Time Random Events

Holdoff Time tlin Time Holdoff Events

hax Time

|
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Trigger
"Off" No holdoff
"Time" Defines the holdoff as a time period. The next trigger occurs only after
the "Time" on page 53 has passed.
"Events" Defines the holdoff as a number of trigger events. The next trigger

only occurs when this number of events is reached. The number of
triggers to be skipped is defined in "Events" on page 53.

"Random" Defines the holdoff as a random time limited by "Min Time / Max
Time" on page 53. For each acquisition, the instrument selects a
new random holdoff time from the specified range.

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

Remote command:
TRIGger :HOLDof f : MODE on page 311

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

Remote command:
TRIGger:HOLDof f: TIME on page 311

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

Remote command:
TRIGger:HOLDof f:EVENts on page 312

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

Remote command:
TRIGger:HOLDoff:MIN on page 312
TRIGger:HOLDof f :MAX on page 312

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

Remote command:
TRIGger :MNR on page 312

Edge Trigger

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

v



Trigger

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

Slope
. 1

Trigger Level

oV

Figure 3-3: Edge trigger

Slope

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

o falling edge, that is a negative voltage change

° rising and falling edge

Remote command:
TRIGger:EDGE: SLOPe on page 312

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

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

v v

AR |
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E' Description of settings

Trigger Type
Glitch v
Source
3 v
Polarity

I 1 v
Range
Shorter v
Width

Trigger Level

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

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

Remote command:
TRIGger:GLITch:POLarity on page 313

Range
Selects the glitches to be identified: shorter or longer than the specified "Width"
on page 55.

Remote command:
TRIGger:GLITch:RANGe on page 313

Width
Sets the pulse width of the glitch.

Remote command:
TRIGger:GLITch:WIDTh on page 313

3.6.4 Width Trigger

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

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

|
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E' Description of settings

Trigger Type
Width v
Source
a3 v
Polarity
o S I 1)
Range
Longer v
Width

15

Trigger Level

Figure 3-4: Width trigger

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

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

Remote command:
TRIGger:WIDTh:POLarity on page 313

Range

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

0 ]

Figure 3-5: Pulse width is shorter or longer than a given width (same as glitch trigger)

v v

b 4

> min N min
| Max @ | max @

Figure 3-6: Pulse width is inside or outside a range

1 = Inside, pulse > min width AND pulse < max width
2 = Qutside, pulse < min width OR pulse > max width
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. O . ©

Figure 3-7: Pulse width is equal or unequal to a given width, with optional tolerance

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

Remote command:
TRIGger:WIDTh:RANGe on page 314

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

Remote command:
TRIGger :WIDTh:WIDTh on page 314

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

Remote command:
TRIGger:WIDTh:DELTa on page 314

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

Remote command:
TRIGger:WIDTh:MIN on page 315
TRIGger:WIDTh:MAX on page 315

3.6.5 Videol/TV Trigger

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

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

3.6.5.1 Standard TV Trigger Settings

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

a3

Standard

PAL

Signal Polarity
Positive
Mode

All Fields

Trigger Level

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

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

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

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

Remote command:
TRIGger:TV:STANdard on page 315

Signal Polarity

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

Figure 3-8: Signal with positive polarity and tri-level sync pulse

Remote command:
TRIGger:TV:POLarity on page 316

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

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

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

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

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

Remote command:
TRIGger: TV:MODE on page 316

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

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

Remote command:
TRIGger:TV:LINE on page 317
TRIGger:TV:LFIeld on page 317
Trigger Level

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

v v

Figure 3-9: Trigger level with bi-level (left) and tri-level (right) sync pulses

Remote command:
TRIGger:LEVel<m>:VALue on page 310

3.6.5.2 Settings for Custom Video Signals (R&S RTH-K19)

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

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

Pulse type
Tri-level

Line period

Pulse width

Scan
Interlaced

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

Figure 3-10: Bi-level (left) and tri-level (right) sync pulses

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

Remote command:
TRIGger:TV:CUSTom: STYPe on page 317

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

’ Line period

v

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

Remote command:
TRIGger:TV:CUSTom:LDURation on page 317

Pulse Width
Sets the width of the sync pulse.

|
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Pulse width

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

Remote command:
TRIGger:TV:CUSTom: SDURation on page 317

Scan
Sets the scanning system.

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

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

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

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

Remote command:
TRIGger:TV:CUSTom: SCANmode on page 318

3.6.6 External Trigger (R&S RTH1002)

The R&S RTH1002 has an edge trigger to trigger on an external signal.

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

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

2. Press the [SETUP] key.

3. Select "Trigger Type" = "External"

El Description of settings

Trigger Type
External v

Slope

- YA

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

Remote command:
TRIGger:EXTernal : SLOPe on page 318

Trigger Level
Sets the trigger voltage level.

Remote command:
TRIGger:EXTernal :LEVel on page 318

3.6.7 Pattern Trigger (R&S RTH-K19)

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

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

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

El Description of settings

Trigger Type
Pattern v
Set Pattern

AND{10 0000 0000)

Range
Longer v
Pattern Width

Figure 3-11: Pattern trigger

Set Pattern

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

DO

HEEH

Figure 3-12: Pattern definition

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

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

""" The signal value is above the defined threshold.

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

"X" The signal state does not matter.

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

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

tern definition is 1 (true).

Remote command:
TRIGger:PATTern:STATe [ : CHANnel<m>] on page 319
TRIGger:PATTern:STATe:COMBination on page 319

Range

Adds additional time limitation to the defined pattern.

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

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

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

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

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

the trigger occurs.

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

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

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

longer than "Max Pattern Width", the trigger occurs.
Remote command:
TRIGger:PATTern:WIDTh:RANGe on page 319
TRIGger:PATTern:TIMeout [ : TIME] on page 320
TRIGger:PATTern:WIDTh[:WIDTh] on page 320
TRIGger:PATTern:WIDTh:DELTa on page 320
TRIGger:PATTern:WIDTh:MINWidth on page 321
TRIGger:PATTern:WIDTh:MAXWidth on page 321

3.6.8 State Trigger (R&S RTH-K19)

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

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

El Description of settings
Trigger Type
State
Clock Source
1 v
Clock Slope
AR AT

Set Pattern
AND( 000 X000( X00X)

Trigger Level

ov

Figure 3-13: State trigger

Clock Source
Selects the input channel of the clock signal.

Remote command:
TRIGger:STATe:CSOurce [ :VALue] on page 322

Clock Slope
Sets the edge of the clock at which the instrument checks the signal states: at the ris-
ing edge, the falling edge, or at both edges.
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3.6.9

Remote command:

TRIGger:STATe:CSOurce: EDGE on page 322

Set Pattern

Waveform Setup

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

tion.

For details, see Chapter 3.6.7, "Pattern Trigger (R&S RTH-K19)", on page 62.

Remote command:

TRIGger:STATe:CHANnel<m> on page 321
TRIGger:STATe:COMBination on page 322

Runt Trigger (R&S RTH-K19)

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

v

uL

LL

Figure 3-14: Runt trigger without time limits

» [SETUP] key > "Trigger Type" = "Runt"

EI Description of settings

Trigger Type
Runt

Source

C1

Polarity

JL U nr
Range

Any Runt v

Upper Trigger Level
0V

Lower Trigger Level

IRY

Range
Longer
Runt Width
48 ns

Upper Trigger Level

0y
Lower Trigger Level

oy

Range
Equal
Runt Width

4.8 ns
tTolerance

800 ps
Upper Trigger Level

oy

Lower Trigger Level
IRY)

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

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

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

Remote command:
TRIGger:LEVel<m>:RUNT:UPPer on page 322
TRIGger:LEVel<m>:RUNT:LOWer on page 322

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

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

Remote command:
TRIGger:RUNT:POLarity on page 323

Range
Defines an additional time limit of the runt pulse.

"Any runt" triggers on all runts fulfilling the level condition, without time limitation. The
other comparisons are the same as for the width trigger, see "Range" on page 56.

Remote command:
TRIGger :RUNT : RANGe on page 323

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

Remote command:
TRIGger :RUNT:WIDTh on page 323

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

Remote command:
TRIGger :RUNT:DELTa on page 324

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

Remote command:
TRIGger :RUNT:MINWidth on page 324
TRIGger :RUNT:MAXWidth on page 324
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3.6.10 Slew Rate Trigger (R&S RTH-K19)

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

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

min
max
>

Figure 3-15: Slew rate trigger, transition time inside a range (t > min time AND t < max time)

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

As source, only analog channels are available.

E' Description of settings

Trigger Type
Slew Rate v

Source
C1 v

Slope
- 1

Range
Shorter v
Time

4.8 ns

Upper Trigger Level
0V

Lower Trigger Level
(IR

Range
Equal
Time

48 ns
tTolerance

800 ps
Upper Trigger Level

(1R

Lower Trigger Level

oy

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

Upper Trigger Level / Lower Trigger Level

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

e
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Trigger

Remote command:
TRIGger:LEVel<m>:SLEW:UPPer on page 325
TRIGger:LEVel<m>:SLEW:LOWer on page 325

Slope

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

° falling edge, that is a negative voltage change

° rising and falling edge

Remote command:
TRIGger:SLEW: SLOPe on page 325

Range

Defines the time limits of the slew rate. The comparisons are the same as for the width
trigger, see "Range" on page 56.

Remote command:

TRIGger: SLEW: RANGe on page 325

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

Remote command:
TRIGger:SLEW:RATE on page 325

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

Remote command:
TRIGger:SLEW:DELTa on page 326

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

Remote command:
TRIGger:SLEW:MINWidth on page 326
TRIGger:SLEW:MAXWidth on page 326

Data2Clock Trigger (R&S RTH-K19)

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

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

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

Trigger Type

Data2Clk v
Clock Source

1 v
Clock Slope

AR AT
Data Source
D3 v

Trigger on Setup & Hold
Violation v
Setup Time

Hold time

Trigger Level

Figure 3-16: Data2Clock trigger

Clock Source
Selects the input channel of the clock signal.

Remote command:
TRIGger:DATatoclock:CSOurce[:VALue] on page 327

Clock Slope

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

Remote command:
TRIGger:DATatoclock:CSOurce:EDGE on page 327

Data Source
Selects the input channel of the data signal.

Remote command:
TRIGger:DATatoclock:DSOurce[:VALue] on page 327

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

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

Remote command:
TRIGger:DATatoclock:CONDition on page 327

User Manual 1326.1578.02 — 12 69



Trigger

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

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

Remote command:
TRIGger:DATatoclock:STIMe on page 328

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

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

Remote command:
TRIGger:DATatoclock:HTIMe on page 327

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

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

3.6.12.1 Pattern Definition

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

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

When you tap the pattern field, a pattern editor is displayed. The current bit definition in
binary and hexadecimal format is displayed at the top of the editor, a virtual keypad is
displayed beneath it. To define a bit, select the bit in the displayed pattern, then select
the bit value from the displayed keypad. The currently selected bit is indicated by a
blue background.
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3.6.12.2

Set Serial Pattern
Bt 31 15
(S ) W ——
Bit 15 g 7 7
xx 1101 0101 1001
— — e
X D

Input Format
Hex v

Figure 3-17: Pattern editor for 14-bit pattern in hexadecimal format

The maximum length of the pattern is 32 bit, however you can reduce the number of
bits. The available bits are initially indicated by 'X', while the unused bits are indicated
by gray squares. An 'X" indicates that the logical level for the bit is not relevant (do not
care). Once you enter a value for the selected bit, the X' is overwritten.

You can enter the pattern in binary or hexadecimal format. Depending on which bit you
select in the pattern display, binary or hexadecimal format is automatically selected for
input. In binary format, each bit is defined individually, and only the digits 0 and 1 are
available for input. In hexadecimal format, 4 bits are defined at the same time by the
selected hexadecimal value. If fewer than 4 bits are available (due to the total number
of bits), only those hexadecimal values are available that can be defined with the
remaining number of bits. For example, for a total number of 14 bits, 3x4 bits can be
defined by any hexadecimal value. The remaining 2 bits can define a 0, 1, 2, or 3 (as
shown in Figure 3-17).

To store the defined pattern, select "Enter". The pattern editor is closed and the pattern
is inserted in the pattern settings field.

Serial Pattern Trigger Settings

Access: (Trigger) [SETUP] key > "Trigger Type" = "Serial Pattern"
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E' Description of settings

Trigger Type
Serial Pattern A4

Clock Source

Clock Slope

S L. I
Data Source
Set Serial Pattern
[hex XX
Bit Order
MSB First

Figure 3-18: Serial pattern trigger

(0110 To3 [T [ (1= TSRS 72
(04 1o Tor Q] (o] o = TSP 72
(D F= = R Lo U (o1 YRR 72
TS ST g =TI =11 (=] o o 1N 72
O o [ 73

Clock Source
Selects the input channel of the clock signal.

Remote command:
TRIGger:SPATtern:CSOurce [ :VALue] on page 328

Clock Slope

Sets the edge at which the data value is sampled.

° rising edge

° falling edge

° rising and falling edges are considered (double data rate).
At double data rate, "First Clock Edge of Pattern" defines the edge at which the first
bit of the pattern is sampled: at the rising clock edge, falling clock edge, or the first
edge that is detected ("Either").

Remote command:
TRIGger:SPATtern:CSOurce: EDGE on page 328
TRIGger:SPATtern:CSOurce:FIRStedge on page 329

Data Source
Selects the input channel of the data signal.

Remote command:
TRIGger:SPATtern:DSOurce [ :VALue] on page 328

Set Serial Pattern
The pattern defines the bits of the serial data to be found in the data stream.
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See also Chapter 3.6.12.1, "Pattern Definition", on page 70.

Remote command:
TRIGger:SPATtern:PATTern on page 329

Bit Order
Defines if the data words start with MSB (most significant bit) or LSB (least significant
bit).

Remote command:
TRIGger:SPATtern:ORDer on page 329

3.6.13 Timeout Trigger (R&S RTH-K19)

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

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

EI Description of settings

Trigger Type
Timeout
Source

3

Range
Stays High
Time

Trigger Level

Figure 3-19: Timeout trigger

Range

Selects the relation of the signal level to the trigger level:
"Stays High" The signal level stays above the trigger level.
"Stays Low" The signal level stays below the trigger level.

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

Remote command:
TRIGger:TIMeout : RANGe on page 330

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

Remote command:
TRIGger:TIMeout: TIME on page 330
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3.6.14 Interval Trigger (R&S RTH-K19)

The interval trigger analyzes the time between two pulses.
» [SETUP] key > "Trigger Type" = "Interval"

El Description of settings

Trigger Type
Interval
Source
3
Slope

e
Range
Longer
Interval Width

Trigger Level

Figure 3-20: Interval trigger

Slope
Sets the edge for the trigger. You can analyze the interval between positive edges or
between negative edges.

Remote command:
TRIGger:INTerval:SLOPe on page 330

Range
Defines how the time range of an interval is defined. The comparisons are the same as
for the width trigger, see "Range" on page 56.

Remote command:
TRIGger:INTerval :RANGe on page 330

Interval Width
Sets the time between two pulses for comparisons equal, unequal, shorter, and longer.

Remote command:
TRIGger:INTerval :WIDTh on page 331

tTolerance
Sets a tolerance range At to the specified Interval Width if the comparison range is
equal or unequal.

Remote command:
TRIGger:INTerval :DELTa on page 331
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Min Interval Width / Max Interval Width
Set the lower and upper time limits of the interval if "Inside" or "Outside" is set for com-
parison.

Remote command:
TRIGger:INTerval :MINWidth on page 331
TRIGger:INTerval :MAXWidth on page 331

3.6.15 Window Trigger (R&S RTH-K19)

The window trigger checks the signal run in relation to a "window" that is formed by the
upper and lower voltage levels. The trigger occurs, if the waveform enters or leaves the
window, or if the waveform stays inside or outside for a defined time range.

With the window trigger, you can display longer transient effects.
> [SETUP] key > "Trigger Type" = "Window"

El Description of settings

Trigger Type
Window
Source
C3
Vertical Condition
Enter v
Upper Trigger Level
ov

Lower Trigger Level
ov

Figure 3-21: Window trigger

Vertical Condition
Selects how the signal run is compared with the window:

"Enter" Triggers when the signal crosses the upper or lower level and thus
enters the window made up of these two levels.

"Exit" Triggers when the signal leaves the window.

"Stay Inside" Triggers if the signal stays between the upper and lower level for a
specified time. The time is defined in various ways by the "Range"
conditions.

"Stay Outside" Triggers if the signal stays above the upper level or below the lower
level for a specified time. The time is defined in various ways by the
"Range" conditions.

Remote command:
TRIGger :WINDow:RANGe on page 333
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Upper Trigger Level / Lower Trigger Level
Set the upper and lower voltage thresholds for the window trigger. The trigger levels
are the vertical window limits.

Remote command:
TRIGger:LEVel<m>:WINDow:UPPer on page 332
TRIGger:LEVel<m>:WINDow:LOWer on page 332

Range
Selects how the time limit of the window is defined. Time conditioning is available for
the vertical conditions "Stay Inside" and "Stay Outside".

"Longer" Triggers if the signal crosses the upper or lower level after the speci-
fied "Width" time is reached.

"Shorter" Triggers if the signal crosses the upper or lower level before the
specified "Width" time is reached.

"Equal" Triggers if the signal stays inside or outside the vertical window limits
for the time "Width" "tTolerance".

"Unequal" Triggers if the signal stays inside or outside the vertical window limits
for a time unequal to "Width" "+ Tolerance"

"Inside" Triggers if the signal stays inside or outside the vertical window limits
at least for the time "Min Width" and for "Max Width" at the most.

"Outside" "Outside" is the opposite definition of "Inside". The trigger occurs if

the signal stays inside or outside the vertical window limits for a time
shorter than "Min Width" or longer than "Max Width".

Remote command:
TRIGger:WINDow: TIME on page 332
TRIGger :WINDow:WIDTh on page 333
TRIGger:WINDow:DELTa on page 333
TRIGger:WINDow:MINWidth on page 333
TRIGger :WINDow:MAXWidth on page 334

3.6.16 Protocol Trigger (R&S RTH-K1, -K2, -K3, -K9 and -K10)

The protocol trigger requires at least one of the serial protocol options.

For protocol setup and trigger settings, see:

® Chapter 9.2.3, "I12C Trigger Settings", on page 183

® Chapter 9.3.3, "SPI Trigger Settings", on page 192

® Chapter 9.4.3, "UART Trigger Settings", on page 199
® Chapter 9.5.3, "CAN Trigger Settings", on page 208
® Chapter 9.6.3, "LIN Trigger Settings", on page 221

® Chapter 9.7.3, "SENT Trigger Settings", on page 234
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4 Waveform Analysis

4.1 Zoom

The zoom magnifies a part of the waveform to view more details with a maximum
zoom factor of 100.

gb To activate the zoom:
» Press the [ZOOM] key.
The zoom is applied to all active analog and digital channels and math waveforms. The
waveforms are displayed with a shorter time scale while the vertical scale remains
unchanged. The zoom indicator on the bottom shows the size and position of the zoom
area in the waveform.
To adjust the zoom using the wheel:

1. Check if the zoom has the focus - an orange frame on the zoom indicator. If not,
press the [ZOOM] key.

Figure 4-1: Zoomed waveform and zoom indicator with focus on zoom scale

< 20.0 ps/»
[— ]

Figure 4-2: Zoom indicator with focus on zoom position

2. Turn the wheel.

Depending on the focus, the position of the zoom area or the zoom scale (time
base of the zoom) is adjusted.

3. Press the wheel to toggle the setting.
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4. Turn the wheel to adjust the other parameter.

To position the zoom on the touchscreen:

» Use one of these methods:
e Drag the zoom area in the zoom indicator.
e Drag the trigger position marker.
In zoom mode, moving the trigger position marker changes the zoom position
and not the horizontal position of the waveform.
To zoom in and out using pinching & spreading gestures
You can zoom in and out as you do on a mobile phone or tablet.

1. To zoom in, touch the screen with two fingers and spread the fingers.

2. To zoom out, touch the screen with two fingers and pinch them together.

To adjust the zoom numerically in the Zoom menu:
1. Press and hold the [ZOOM] key until the "Zoom" menu opens.

2. Adjust scale and position of the zoom in the menu.

To analyze the zoomed signal, you can use cursor measurements.

EI Description of settings

Zoom T

Scale

Position

Zoom
Enables or disables the zoom.

Remote command:
ZOOM:ENARIe on page 334

Scale
Sets the time scale of the zoomed waveform.

Remote command:
ZOOM: SCALe on page 334

Position
Sets the center position of the zoomed area in relation to the trigger point.

Note: The zoom overview also considers the horizontal position of the trigger point. If
the horizontal position is # 0, the trigger point is not in the middle. In this case, the
zoom area in the overview is also shifted, even if the zoom position is 0.
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421

4.2.2

Automatic Measurements

Remote command:
ZOOM:POSition on page 335

Automatic Measurements

You can perform up to four different measurements simultaneously.
Performing Automatic Measurements

To start and stop the last configured measurements

» Press the [Meas] key.

To configure automatic measurements in the Meas menu

1. Press and hold the [Meas] key until the "Meas" menu opens.

2. Select the number of the measurement that you want to configure.
3. If the measurement is disabled, enable "State".
4

Select the "Type".
The selection list shows all available measurement types.

5. Select the "Source".
The selection list shows all all active sources that are allowed for the selected mea-
surement type.

6. Some measurement types require additional settings. Scroll down the menu and
adjust the additional settings if necessary.

Measurement Results

The measurement results are shown on the left-top side of the screen.

7= 100.1 ns Mean=  2.876 v

RS = 3537 mv o= 50.00 %

Figure 4-3: Results of 4 active measurements

If a result cannot be determined, "---" is displayed. Adjust the horizontal and vertical
settings if the instrument cannot measure.

If the measurement result is outside the measurement range and clipping occurs, the
results are marked with < (underflow) or > (overflow). Adjust the vertical scale to get
valid results.
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| - -

lse . = pkpk > 80,00 mv

0.000

Figure 4-4: Invalid measurement results

Meas1 = period measurement on C3, no complete period detected
Meas?2 = peak to peak measurement on C1, waveform is clipped
Meas3 = pulse count on C3, no pulse detected

Remote commands:

® VMEASurement<m>:RESult:ACTual? on page 337

® VMEASurement<m>:RESult:LIMit? on page 337

4.2.3 Measurement Types
The R&S RTH provides 33 measurement types to measure time, amplitude and power
characteristics, and to count pulses and edges.
All measurement types that require only one source are also available for gated mea-
surements using [Cursor] > "Type" = "Measure".
4.2.3.1 Time Measurements
Meas. type Symbol Description Graphic / formula Source
Period T Time of the first period, measured on the T Analog, math,
ins 50% level. The measurement requires at reference, logic
least one complete period of the signal.
Y017/ EEY TECTTSISUOOPOIY. PO ®
Frequency f Frequency of the signal, reciprocal value f=1/T Analog, math,
in Hz of the measured first period. T reference, logic
50%...i ......................................... H
Rise time tR Rise time of the first rising edge. This is Rise Analog, math,
ins the time it takes the signal to rise from : reference
the 10% level to the 90% level.
10% +eeeeeeere &
Fall time tF Fall time of the first falling edge. This is Fall Analog, math,
ins the time it takes the signal to fall from the | g0, ~ . reference
90% level to the 10% level. :
L0 7RO, .
Positive pulse t+ Duration of the first positive pulse: time ottt Analog, math,
width ins between a rising edge and the following ; : reference, logic
falling edge measured on the 50% level.
50%:------ I SRR SR
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Meas. type Symbol Description Graphic / formula Source
Negative pulse t- Duration of the first negative pulse: time . Analog, math,
width ins between a falling edge and the following reference, logic
rising edge measured on the 50% level.
50%: - | SR | SO
Positive duty cycle | Dty+ Width of the first positive pulse in relation | Dty+ = t+/ T * 100% Analog, math,
in % to the period in %. The measurement 0.% '!' reference, logic
requires at least one complete period of Tt
the signal. : q
Negative duty cycle | Dty- Width of the first negative pulse in rela- Dty-=t-/T* 100% Analog, math,
in % tion to the period in %. The measure- 0.% T reference, logic
ment requires at least one complete S
period of the signal. “ "
| I b, i.
Delay At Time difference between two slopes of 2 sources:
ins the s:met'cz'r dslgf/re;nt wlaveforms, mea- analog, math,
sured on the 507 level. AL reference, logic
—
Not available for cursor measurements F
Phase 4 Phase difference between two wave- Phase = At/ T * 360° 2 sources:
in° forms, measured on the 50% level. X [ analog, math,
Not available for cursor measurements : reference, logic
4.2.3.2 Amplitude Measurements
The unit of most amplitude measurement results depends on the measured source.
Meas. type Symbol Description Graphic / formula Source
Mean value Mean Arithmetic average of the complete dis- N analog, math,
played waveform. Mean = i zxk reference, logic
N
k=1
RMS value RMS RMS (Root Mean Square) value of the analog, math,

voltage of the complete displayed wave-
form.

reference

Crest factor

Crest The crest factor is also known as peak-
to-average ratio. It is the maximum value
divided by the RMS value of the dis-

played waveform.

analog, math,
reference
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Meas. type Symbol Description Graphic / formula Source
Standard deviation | o Standard deviation of the displayed m analog, math,
1
waveform. o= z (Xk —Mea n)z reference
N -1
k=1

Minimum Min Minimum value within the displayed analog, math,

waveform. reference
Min-----¥

Maximum Max Maximum value within the displayed Max---» analog, math,
waveform. reference

Peak to peak Pk-Pk Difference of maximum and minimum Max - e : analog, math,
values. reference

Pk-Pk
Mln. ............... -

Base level Base Low level of the displayed waveform - analog, math,
the lower maximum of the sample distri- reference
bution. The measurement requires at
least one complete period of the signal. Base - e e e

Top level Top High level of the displayed waveform - QL SR | W——— analog, math,
the upper maximum of the sample distri- reference
bution. The measurement requires at
least one complete period of the signal.

Amplitude Amp Difference between the top level and the Top oo N ‘ analog, math,
base level of the signal. The measure- ) reference
ment requires at least one complete Amplitude
period of the signal. SYNURID S P ‘

Overshoot Over Overshoot of a square wave after a ris- MaX eq — TOP analog, math,

_ i ; ; Over+ = local -100%
in % ing or falling edge. It is calculated from Amplitude reference
measurement values top level, base
level, local maximum, local minimum, _ Base —Minjgq o
and amplitude. Over-= Amplitude 100%
Amplitude
Base ........... iOVer-
Preshoot Pre Overshoot of a square wave before a ris- | Same equations as overshoot analog, math,
in % ing or falling edge. Top g A PTEE | reference
Amplitude
Bas@e=sA [ oo N .

........ 1 Pre-
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Meas. type

Symbol

Description

Graphic / formula

Source

AC

AC
inV

RMS value of the AC part of a periodic
signal, calculated over all periods on the
display. The AC result is is derived from
the DC and AC+DC results.

analog, math,
reference

DC

DC
inV

Mean value of a periodic signal, calcula-
ted over all periods on the display. If no
complete period is available, only the
mean value of the visible waveform is
calculated.

analog, math,
reference

AC+DC

AC+DC
inV

RMS value of a periodic signal, calcula-
ted over all periods on the display. If no
complete period is available, only the
RMS value of the visible waveform is
calculated.

analog, math,
reference

4233

Counting

Meas. type

Symbol

Description

Graphic / formula

Sources

Positive pulse
count

Cnt+

Number of positive pulses on the display.

The mean value of the signal is deter-
mined. 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.

NI

Analog, math,
reference, logic

Negative pulse
count

Cnt-

Number of negative pulses on the dis-
play. The mean value of the signal is
determined. If the signal passes the
mean value, an edge is counted. A neg-
ative pulse is counted if a falling edge
and a following rising edge are detected.

NI

Analog, math,
reference, logic

Rising edge count

Cntt

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.

PREEN
P
P

NT

Analog, math,
reference, logic

Falling edge count

Cntd

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.

PEEEN
P

N1

Analog, math,
reference, logic

4.2.3.4 Power Measurements

Power measurements require two sources, one voltage source and one current
source. They are not available for cursor measurements and logic channel sources.
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Meas. type Symbol Description Graphic / formula Sources
Active power P Active or real power is the energy of the | Im 2 sources:
in W system that can be used to do work. analog, math
S Q reference
o
B —*Re
Apparent power S Complex power S is the magnitude of Im 2 sources:
in VA the vector sum of real and reactive analog, math,
power. Q reference
o
= Re
Reactive power Q Reactive power is temporally stored ina | Im 2 sources:
in var systen.”l'because of the inductive and analog, math,
capacitive elements. S reference
®
= Re
Power factor PF Power factor is a measure of the system | PF = cos(o) 2 sources:
(no unit) eff|5:|1ency. The value varies between -1 Im analog, math,
and . S reference
Q
= Re

4.2.4 Measurement Settings

Access: "Meas" menu

heasurement
1 2

State

Type
Delay

Source
DO
Source 2
C1

Slope

Positive

Measurement
Selects the measurement to be configured in the menu. You can perform up to four dif-
ferent measurements simultaneously.

|
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Cursor Measurements

State
Enables or disables the selected measurement.

Remote command:
MEASurement<m>:ENABle on page 335

Type
Selects the measurement type. For a detailed description, see Chapter 4.2.3, "Mea-
surement Types", on page 80.

Remote command:
MEASurement<m>:TYPE on page 336

Source / Source 2
Defines the waveform to be measured. For delay, phase, and power measurements, 2
sources are required.

The sources can be any active input signal, math or reference waveform. Available
source waveforms depend on the measurement type, see Chapter 4.2.3, "Measure-
ment Types", on page 80.

Remote command:
MEASurement<m>:SOURce on page 335

All off
Disables all active measurements.

Remote command:
MEASurement<m>:AOFF on page 336

Slope

Sets the slope for the delay measurement type.

"Positive" Delay between the first rising edge of each source waveform.
"Negative" Delay between the first falling edge of each source waveform.
"Either" Delay between the first edge of each source waveform, no matter if it

is rising or falling.

Remote command:
MEASurement<m>:DELay:SLOPe on page 336

4.3 Cursor Measurements

The cursor measurement determines the results at the current cursor positions, or per-
forms gated automatic measurements between the cursor lines. The cursors can be
positioned manually at fixed positions, or they can follow the waveform.

You can perform cursor measurements on analog input signals, math waveform, XY-
diagram, as well as on logic channels (requires option R&S RTH-B1).



Cursor Measurements

Cursor measurements on spectrum displays are also available, if the option R&S RTH-
K18 is installed (see Chapter 6.2.7, "Cursor Measurements on Spectrums”,
on page 126).

4.3.1 Performing Cursor Measurements

To start and stop the last configured measurement

» Press the [Cursor] key.

To configure the cursor measurement in the Cursor menu
1. Press and hold the [Cursor] key until the "Cursor" menu opens.
2. Select the "Type" of the cursor.

3. For horizontal, track and measure types, select the "Source" channel that you want
to measure.

4. Scroll down the menu and adjust the additional settings, which are required for the
selected cursor type.

4.3.2 Cursor Types and Results

The results of cursor measurements are displayed at the top of the display. 4 cursor
types are available.

Vertical cursors

For vertical cursors, two results are displayed by default: the absolute value of the time
difference between the cursor lines At and its inverse value 1/At. Optionally, the posi-
tions of the cursor lines t1 and t2 are also measured. The results are time values and
do not depend on any waveform, thus no source is required.

Htﬁ”r a= 600.0 rs /A = 1.667 wh:

® (CURSor:TDELta? on page 340

® (CURSor:ITDelta? on page 340
® CURSor:X1Position on page 340
® (CURSor:X2Position on page 340

Horizontal cursors

For horizontal cursors, the vertical values of the cursor positions y1 and y2 are mea-
sured. These are usually voltage or current values. The absolute value of the differ-
ence between the positions Ay is also displayed.




Cursor Measurements

® CURSor:YlPosition on page 340
® CURSor:Y2Position on page 340
® (CURSor:DELTa? on page 340

Track cursors

Two vertical cursor lines are coupled to the waveform. The instrument measures the
vertical values y1 and y2 of the crossings between the cursor lines and the waveform.
It also measures the absolute values of the difference between the positions Ay and of
the time difference between the cursor lines At

Cursor

Track

® CURSor:Y1AMplitude? on page 341
® CURSor:Y2AMplitude? on page 341
® (CURSor:DELTa? on page 340

® CURSor:TDELta? on page 340

Measurements

Two vertical cursor lines define a gate for two parallel automatic measurements. All
automatic measurements that need only one source are available. Delay, phase, and
power measurements are not provided for cursor measurements, they require two
sources.

See Chapter 4.2.3, "Measurement Types", on page 80.

T= 9985 ns Rise = 2713 ns

If the measurement result is outside the measurement range and clipping occurs, the
results are marked with < (underflow) or > (overflow). Adjust the vertical scale to get
valid results.

® CURSor:MEASurement<m>:RESult:ACTual? on page 341
® CURSor:MEASurement<m>:RESult:LIMit? on page 341

4.3.3 Settings for Cursor Measurements

Access: "Cursor" menu
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Type Type Type Type
Vertical v Horizontal Track hieasure

source . Source
show position [ o . S[;)[;u(e o
v

] . Meas type 1
Track scaling —m Track scaling —E Track scaling —E P

Pos. pulse width

Coupling —m Coupling _E Coupling —E hieas type 2

Period

Set to screen Set to screen set to screen Track scaling

Coupling —n

Set to screen

State
Enables or disables the cursor measurement.

Remote command:
CURSor : STATe on page 338

Type
Defines the type of the cursor measurement.

For details, see Chapter 4.3.2, "Cursor Types and Results", on page 86.

"Vertical" Displays two vertical cursor lines and measures their timing parame-
ters.

"Horizontal" Displays two horizontal cursor lines and measures their amplitude
parameters.

"Track" Displays two vertical cursor lines and couples them to the source

waveform. The amplitude characteristcs and the time difference of the
crossing points are measured.

"Measure" Displays two vertical cursor lines that define a gate for two simultane-
ous automatic measurements.

Remote command:
CURSor : FUNCtion on page 338

Source
Defines the source on which the cursor measurement is performed. The source can be
any active analog or digital input signal, math waveform, or bus (requires option).

The source setting is not available for the cursor type "Vertical", and for measurements
in the XY-diagram.

Remote command:
CURSor : SOURce on page 338
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4.4

Mathematics

Show Position
Shows the position values of the vertical cursor lines t1 and t2 in the measurement
results. The setting is only available for the vertical cursor type.

Cursar t1 = '285.6 s M= 600.0 s

Vel 2= 3144 ns 18 = 1667 MH:

Meas Type 1/ Meas Type 2
Set the automatic measurements to be performed on the source waveform between
the cursor lines. The setting is only available for the "Measure" cursor type.

All automatic measurements that need only one source are available. Delay, phase,
and power measurements are not provided for cursor measurements, they require two
sources.

For a description of the measurement types, see Chapter 4.2.3, "Measurement Types",
on page 80.

Remote command:
CURSor :MEASurement<m>:TYPE on page 339

Track Scaling
If enabled, the position of the cursor lines is adjusted if the vertical or horizontal scales
are changed. The cursor lines keep their relative position to the waveform.

If disabled, the cursor lines remain on their position on the display if the scaling is
changed.

Remote command:
CURSor : SCPLing on page 339

Coupling
Couples the cursor lines so that the distance between the two lines remains the same
if one cursor is moved.

Remote command:
CURSor :COUP1ing on page 338

Set to Screen
Sets the cursors to a default position on the screen. This is helpful if the cursors have
disappeared from the display or need to be moved for a larger distance.

Remote command:
CURSor : SCReen on page 339

Mathematics

A math waveform is a calculated waveform. You can calculate data out of one or two
different sources using several predefined operations.

» To configure the math waveform, press and hold the [MATH] key until the menu
opens.
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» To activate or deactivate the last configured math waveform, shortly press the
[MATH] key.

» To adjust vertical scale and position of the math waveform, use the [RANGE] and
[POS] keys.

You can analyize math waveforms in the same way as channel waveforms: use zoom,
perform automatic and cursor measurements, save as reference waveform, and per-
form mask tests.

El Description of settings

State
Source 1
C1
Source 2
c?

Operation
$1-S2

State
Activates the waveform and displays it.

Remote command:
REFCurve:STATe on page 343
CALCulate:MATH:STATe on page 342

Source 1/ Source 2
Sets the source(s) for the defined mathematic operation.

Operation
Select an operation to calculate the math waveform.

"S1 + S2" Ad(dition: Adds the values of "Source 1" and ""Source 2"".

NN
[ Y

A\

"S1-S2" Subtraction: Subtracts the values of "Source 2" from the values of
"Source 1".

NN
s

NV
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4.5

Reference Waveforms

"S1* 82" Muiltiplication: Multiplies the values of "Source 1" and "Source 2".

S

"-S1," Inverse: Inverts all voltage values of "Source 1", i.e. all values are
mirrored at the ground level. Thus, a positive voltage offset becomes
negative.

=

"|S1]" Abs. Value: Calculates the absolute value of "Source 1". All negative
values are inverted to positive values.

=

"S12" Square: Squares the value of "Source 1".

g

Remote command:
CALCulate:MATH[:EXPRession] [:DEFine] on page 342

[RANGE] keys
The vertical [RANGE] keys set the vertical scale (vertical sensitivity) of the math wave-
form.

Remote command:
CALCulate:MATH:VERTical:SCALe on page 342
CALCulate:MATH:VERTical :RANGe on page 342

[POS] keys

Move the math waveform or down in the diagram. The position is a graphical setting
given in divisions.

You can also drag the waveform marker on the screen.

Remote command:
CALCulate:MATH:VERTical:POSition on page 343

Reference Waveforms

To compare waveforms and analyze differences between waveforms, you can use a
reference waveform. You can also save reference waveforms and load them for further
use. The display of a reference waveform is independent from that of the source wave-
form; you can change the vertical scale and position
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% To create and save a reference waveform
1. Set up the waveform that will be the reference.
2. Open the "Ref" menu.
3. Select the "Source" waveform.
4

Select "Update”.

The reference waveform is created, activated, and shown on top of the original
waveform.

You can change the vertical scale and position using the [RANGE] and [POS] keys.
To save the reference, select "Save".

Select the "File Type" (format BIN, XML, or CSV).

®©® N o o

Select the "File Name" and enter the file name.

4.5.1 Settings for Reference Waveforms

Access: "Ref" menu

Source
C1

State 1

Vertical position
0.78 div

= Save

& Load

Source
Selects the waveform to be taken as reference waveform. Any active channel or math
waveform can be used.

Remote command:
REFCurve: SOURce on page 343

Update
Creates the reference waveform from the source waveform.

Remote command:
REFCurve:UPDate on page 343

State
Activates the waveform and displays it.
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4.5.2

Reference Waveforms

Remote command:
REFCurve:STATe on page 343
CALCulate:MATH:STATe on page 342

Vertical Position
Sets the vertical position of the reference waveform.

You can also tap the waveform label "R" to set the focus to the reference waveform,
and use the [RANGE] and [POS] keys to adjust the display.

Remote command:
REFCurve:POSition on page 343

Save/ Load
Saves or loads a reference waveform. The default directory is C: /Users/<user>/
Rohde-Schwarz/RTH/ReferenceCurves.

Select the "File Type" (format BIN, XML, or CSV) and enter the "File Name". See also
Chapter 4.5.2, "Waveform Files", on page 93.

Remote command:

REFCurve : NAME on page 344
REFCurve : SAVE on page 344
REFCurve : OPEN on page 344
REFCurve:DELete on page 344

Waveform Files

Reference waveforms can be stored in XML, CSV, or BIN format.

If you want to reload reference waveforms on the instrument, save them in BIN or CSV
format. XML files cannot be reloaded.

4.5.21

Waveform data is saved in two files. One file contains the waveform data values and is
indicated by *wfm. * in the file name. The second file contains the header data, for
example, time scale, vertical scale, vertical position, acquisition mode, and more.
Header data is required to reload the waveform from data, or to analyze the data val-
ues of the data file.

Waveform Header Files

The header files of XML and BIN waveform files are written in XML format. The header
files of CSV waveform files are written in CSV format. You can open the header files
and use their information for data analysis.

CSV header files only contain the property names and values, one property per row.

VerticalScale:0.05:

HorizontalScale:5e-08:



Reference Waveforms

XML header files contain more information than CSV header files. For analysis, only
Name and Value are needed.

<Prop Name="VerticalScale" Value="0.05" UserValue="0.05" Step="0.001" Default="0.05"
Min="0.001" Max="100" StepDefault="0.001" StepFactor="10" UnitId="77"
UnitName="V/div" BitGroupSize="0" Format="0"></Prop>

<Prop Name="HorizontalScale" Value="le-07" UserValue="1le-07" Step="1e-09"
Default="1e-07" Min="1e-09" Max="500" StepDefault="1e-09" StepFactor="10"
UnitId="75" UnitName="s/div" BitGroupSize="0" Format="0"></Prop>

Header files contain the following properties:

Value Description

Vertical settings

VerticalScale Vertical scale of the waveform in Volts per division, or other unit / division
VerticalOffset Vertical offset of the waveform in Volts, or other unit
VerticalPosition Vertical position of the waveform in divisions

Horizontal and acquisition settings

HorizontalScale Time scale in seconds per division

HorizontalLeft Horizontal start value of the waveform (time in s)
HorizontalResolutionPP Time between two recorded samples
HorizontalAcquisitionMode Sample, Peak Detect, High Res, Envelope, or Average

HorizontalDecimationFactor At long time bases, if the number of captured samples is higher than the
available record length, decimation takes effect. If the time scale is <5 ps/
div, the decimation factor is 1.

Samples

HorizontalTraceLength Record length, number of recorded waveform samples, which are stored
in the memory

PostSettlingSamples Number of additional samples after the end of the waveform record.

PreSettlingSamples Number of additional samples before the beginning of waveform samples.

They ensure that all measurements can be performed on the reloaded
waveform that could be performed on the original waveform.

4.5.2.2 Waveform Data Files
The waveform data files are indicated by *Wfm. * in the file name. They contain the
actual waveform data, the Y-values of the samples. Mostly, the Y-values are voltages:
YO0; Y1;Y2;Y3; ...

Before and after the waveform data, the instrument writes some presettling and post-
settling samples. The overall number of values in the data file is:

ValuesNumber = PreSettlingSamples + HorizontalTraceLength + PostSettlingSamples

For envelope waveforms, the number of values in the file doubles. Two Y-values for
each sample are written, one for the upper and one for the lower envelope:



XY-Diagram

YminO; Ymax0; Ymin1; Ymax1; Ymin2; Ymax2; Ymin3; Ymax3;...

In peak detect acquisition mode, the number of values depends on the decimation fac-
tor. If the decimation factor is 1, one value per sample is written. At higher decimation
factors, two values per sample are written.

In CSYV files, the data values of one sample are written in one row. Envelope data, for
example, looks like this:

-0.0125490196078431 -0.0619607843137255
-0.0133333333333333 -0.0627450980392157
-0.0149019607843137 -0.0650980392156863

XML files are easy to read:

<sample>
<datamax>-0.012549</datamax>
<datamin>-0.0619608</datamin>
</sample>
<sample>
<datamax>-0.0133333</datamax>
<datamin>-0.0627451</datamin>
</sample>
<sample>
<datamax>-0.014902</datamax>
<datamin>-0.065098</datamin>

</sample>

4.6 XY-Diagram

XY-diagrams combine the voltage or current levels of two input signals in one diagram.
They use the level of a second signal as the x-axis, rather than a time base. This
allows you to perform phase shift measurements, for example.

% 1. Press the [Mode] key.
2. Select "XY".

3. Make sure that the signals, the trigger, and the acquisition are set up correctly. The
following menus are available in XY-mode:

"Vertical", see Chapter 3.2, "Vertical Setup", on page 40.
"Horizontal", see Chapter 3.3, "Horizontal Setup”, on page 45.
"Trigger", see Chapter 3.6, "Trigger", on page 50.

"Acquire", see Chapter 3.4, "Acquisition Control", on page 46.

To analyze the signal in XY-mode, you can use cursor measurements. You can select
vertical or horizontal cursors, couple the cursor lines or set them to screen. All other
cursor settings are not relevant for measuring the XY-diagram.
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1= -49.66 my _ ., 100ns/ I Auto
meamy 7 980m =

EI Description of settings

Source X
Defines the signal that supplies the x-values of the XY-diagram, replacing the usual
time base. The source can be any of the active analog channels.

Source Y
Defines the signal to be displayed in y-direction in an XY-diagram. The source can be
any of the active analog channels.

4.7 History (Option R&S RTH-K15)

The history option R&S RTH-K15 accesses the data of previous acquisitions and pro-
vides them for further analysis. Using this option, you can analyze, for example, packet
communication on serial buses, radar pulses, laser pulses, and signals that occur in
short bursts with long idle times.

If history is enabled and an acquisition runs, the instrument stores the captured wave-
forms, processes the data and displays the current waveform. Each stored waveform is
called a segment. When the acquisition is stopped, the history player is shown to
access the stored segments, and to display and analyze them. When you start a new
acquisition, the history is cleared and written anew.

The history stores the following data during acquisition:
® All active analog channels.
® All logic channels if at least one logic is active (with option R&S RTH-B1).

® Decoded bus data if the bus is active (with option R&S RTH-K1 and/or R&S RTH-
K2).
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4.7.1

To enable the history:
1. Tap the Menu button, and select "History" on the menu.

2. Enable "History".

History Settings

Access: "History" menu

History T

Number of Seqments
100 v

Player Speed
Automatic v

Player Control Position
User v

Available Acquisition
100

Start Acquisition
-99

Stop Acquisition

Time Format
Absolute

History
Enables the history function. The instrument stores the captured waveforms in seg-
ments. After stopping the acquisition, you can analyze them.

Remote command:
CHANnel<m>:HISTory|[:STATe] on page 345

Number of Segments
Sets the number of segments to be stored.

Note: If zoom or mathematics are active during acquisition, the actual number of
stored segments can be less than the defined number. To avoid the decrease of stored
waveforms, disable zoom and mathematics before you acquire the waveforms. You
can enable zoom and mathematics later in stop mode and use them to analyze any of
the history segments.

Remote command:
CHANnel<m>:HISTory:NSEGments on page 345

Player Speed
Defines how fast the history player shows the stored segments.

|
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4.7.2

Remote command:
CHANnel<m>:HISTory:TPACq on page 345

Player Control Position
Sets the position of the history player window on the display. You can drag the window
on the touchscreen to another position. If so, a "User" position is indicated.

Available Acquisition
Shows the number of segments that are currently stored in the history.

Remote command:
ACQuire:AVAilable? on page 345

Start Acquisition / Stop Acquisition

Define the index of the first and the last history segment that the history player shows.
Change these values if you want to see a smaller range of subsequent segments from
the history. The newest segment has always the index "0". Older segments have a
negative index. The number of available segments is shown in "Available Acquisition".

Remote command:
CHANnel<m>:HISTory:STARt on page 345
CHANnel<m>:HISTory:STOP on page 346

Time Format

Defines if the timestamp in the history player window shows the absolute or relative
time. Absolute time is the date and the daytime of the current acquisition. Relative time
is the difference to the newest segment (index = 0).

See also "Timestamp" on page 99.

Displaying History Data

In the history player window, you start and stop the playback of the stored segments,
and you can display a particular acquisition.

Time Stamp

2016-02-05 10:43:03.000

99 25

> 4 P D

1 = Timestamp, here: absolute time

2 = Index of the oldest, current, and newest (= 0) segment

3 = Slider to set the displayed segment

4 = Control buttons: Play, Step Forward, Step Back, and Repeat

|
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History (Option R&S RTH-K15)

Timestamp

The timestamp shows the time of the currently displayed history segment. Thus, the
time relation between acquisitions is always available. More precisely, the timestamp is
the time of the trigger event.

The timestamp can be absolute or relative:

® Absolute: Date and daytime of the trigger event of the displayed segment, with an
accuracy of 1 ms.
Depending on the horizontal position, the waveform can be captured up to 100,000
seconds after the trigger event, and thus after the displayed timestamp. The instru-
ment considers this delay automatically, all measurements are related to the trigger
event.

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

Remote command:

® CHANnel<m>:HISTory:TSABsolute? on page 347
® (CHANnel<m>:HISTory:TSDate? on page 347

® CHANnel<m>:HISTory:TSRelative? on page 347

To display history segments

You can access the history segments in several ways:

® Play back all captured history segments.

® Play back a specified range of subsequent segments.
® Show one particular segment.

Proceed as follows:

1. If the acquisition is running, stop the acquisition.

The history player is shown.

2. To play back the segments once, tap the Play button.

By default, all captured waveforms are shown.

3. To display a range of segments out of the history:

a) Open the "History" menu.
b) Set the index of the first and the last segment that you want to see.
See "Start Acquisition / Stop Acquisition” on page 98.
c) In the history player window, tap the Play button.
4. To play back the segments repeatedly.

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

5. To access a particular segment, you can:

e Drag the slider in the history player window until the required index number.
e Use the "Step Forward" and "Step Back" buttons to show the next segment.



4.7.3

4.7.4

History (Option R&S RTH-K15)

Remote command:

® CHANnel<m>:HISTory:PLAY on page 346

® CHANnel<m>:HISTory:REPLay on page 347
® CHANnel<m>:HISTory:CURRent on page 346

Analyzing History Data

You can analyze the stored segments using the following possibilities:

® Switch analog channels on and off if they were active during acquisition.
® Change vertical scale and position of captured channels.

® Use the zoom.

® Save screenshots.

® Use cursor measurements.

® Use automatic measurements.

® Use the mathematical functions.

® Switch logic channels on and off if at least one channel was active during acquisi-
tion.

® Enable and disable the serial bus if it was active during acquisition.

Exporting History Data

You can export history data to files. History data is always saved in "Compressed CSV"
files. Each segment is saved to a separate file, and all segment files are written to a
compressed folder.

4| Waveform_2018-08-07_130847_656261614_-99.zip
Waveform_2018-08-07_130847_656261614_-99.csv
Waveform_2018-08-07_130847_658371481_-98.csv
Waveform_2018-08-07_130847_660481147_-97.csv
Waveform_2018-08-07_130847_689142235_-96.csv
Waveform_2018-08-07_130847_691245827_-95.c5v
Waveform_2018-08-07_130847_6£94389114_-94.csv
Waveform_2018-08-07_130847_696498331_-93.csv
Waveform_2018-08-07_130847_598608648_-92.csv
Waveform_2018-08-07_130847_701321387_-91.csv
Waveform_2018-08-07_130847_703431254_-90.csv
Waveform_2018-08-07_130847_705540920_-89.csv
Waveform_2018-08-07_130847_708253660_-88.csv

Figure 4-5: Content of a history waveform folder
The filenames of the segment files are built using the filename pattern and the seg-
ment index: <filename base> <date> <segment-timestamp> <index>.csv.

The filename of the ZIP file uses the same scheme and the timestamp of the oldest
segment. Timestamps in filenames are always absolute time.
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In the header section of the segment files, you find the absolute timestamp of the seg-
ment on the top. At the end, the relative timestamp of each segment is written, the time
difference to the newest segment in s. The newest segment with index 0 has the rela-
tive timestamp 0.

Acquisition Time Stamp, 2018-08-07 13:08:47.658371481,2018-08-07 13:08:47.658371481
Waveform Type, ANALOG,

Acguisition Mode, SAMPLE,

Horizontal Unit,s=,

Horizontal Scale,le-05,

Horizontal Position, O,

BEeference Point, 50 %,

Sample Interval,4e-10,

Record Length, 250000,

Probe Setting,'10:1°','10:1'

Vertical Unit,V,V

Vertical Scale,5,5

Vertical Position,2,-2

Vertical Offs=et,0,0

Hi=tory Index,-95,-88

History Time Stamp,-0.5185635%0175,-0.5185635%0175

To save history data:

1. Set up the history and capture the waveforms.
2. Press the [FILE] key.

3. Select "Waveforms".
4

Select the waveforms for export:

a) Tap "Select Waveform".
b) e Select one waveform for export.
e Or select all active waveforms.

5. Enable "Save History".
If an acquisition is running, enabling "Save History" stops the acquisition.

6. Check the "Directory", the "Filename Base", and the "CSV Column Delimiter".
Adjust if necessary.

7. If you need time information for analysis, enable "Store with Time".

8. Tap "Save Waveform".

All export settings are described in Chapter 12.4.2, "Waveform Export Settings",
on page 271.



Mask Test Results

5 Mask Testing

Masks are used to determine whether the amplitude of a signal remains within speci-
fied limits, e.g. to detect errors or test compliance of digital signals.

A mask is specified by an upper and a lower limit line. The signal must run inside these
limit lines, otherwise a mask violation occurs. A new mask is created from an existing
signal: Mask limits are created by copying the waveform, and the limits are moved and
stretched. The result is a tolerance tube around the signal that is used as mask.

5.1 Accessing the Mask Mode

1. Press the [MODE] key.

MODE 1

2. Select "Mask".

+

tallle

The mask interface is displayed and mask testing is started if masks are already
defined and activated.

5.2 Mask Test Results

Mask testing checks all active waveforms for mask violation simultaneously.

The test result of the selected mask is shown in the result table in the upper left corner
of the display.
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Figure 5-1: Mask-mode-view

1 = Selected channel

2 = Number and percentage share of passed acquisitions
3 = Number and percentage share of failed acquisitions
4 = Number of tested acquisitions

5 = Test duration

Remote commands for mask test results:

® MASK:CHANnel<m>:RESult:PASS[:COUNt]? on page 351

® MASK:CHANnel<m>:RESult:PASS:PERCentage? on page 350
® MASK:CHANnel<m>:RESult:FATIL[:COUNt]? on page 350

® MASK:CHANnel<m>:RESult:FAIL:PERCentage? on page 350
® MASK:CHANnel<m>:RESult:TOTL[:COUNt]? on page 351

® MASK:ELAPsedtime:TOTal? on page 351

® MASK:ELAPsedtime[:SECS]? on page 352

® VMASK[:TESTstate]? on page 350

5.3 Running Mask Tests

1. Before you can perform mask tests, adjust the waveforms by editing the vertical,
horizontal, trigger and acquisition settings.

For details see:

e Chapter 3.2, "Vertical Setup”, on page 40

e Chapter 3.3, "Horizontal Setup", on page 45

e Chapter 3.6, "Trigger", on page 50

e Chapter 3.4, "Acquisition Control", on page 46
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Mask Settings

Note: The acquisition mode "Envelope" is not available while running mask tests.

2. If you want to test a mathematical (math) waveform, generate a math waveform,
see Chapter 4.4, "Mathematics", on page 89.

3. Select the "Mask" menu.
4. Select the mask channel that is assigned to the tested waveform.
5. To activate the mask, tap "State".

Select Mask
C1 C2 3

M

Note: If the selected mask was used before, the stored mask is displayed.

6. To set the mask width, enter "Width X" and "Width Y".

7. Select the "Action on Violation".
This action is applied to all masks.

8. To create the mask, tap "Create Mask".

9. To start and stop mask testing, press the [RUN STOP] key.

Analyzing the mask test

To view the details of the waveform at a mask test violation, you can use the zoom
function, see Chapter 4.1, "Zoom", on page 77. Zooming is only possible while the
mask test is stopped.

5.4 Mask Settings

Access: "Mask" menu
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Reset all Mask Results

Coupling —m

wask Channel
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State 1
Width X
0 div
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0.1 div
Create hiask

Action on violation
Nohe

™ Save all Masks

I Load all hasks

Figure 5-2: Mask settings

Reset all Mask Results
Resets all mask test results.

Remote command:
MASK:RST on page 349

Coupling
If enabled, the settings of the selected mask are applied to all active masks when you
tap "Create Mask".

Mask Channel
Selects the mask to be configured.

If the selected mask has been created before, and it is active, the mask is shown on
the display.

Each mask channel is assigned to its related waveform (input channel or math wave-
form) as indicated by the mask channel name.

State
Turns the mask on or off.

If the assigned waveform is inactive, it is activated together with the mask.

Remote command:
MASK:CHANnel<m>:STATe on page 348

|
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Mask Settings

Width X
Changes the width of the mask in horizontal direction.

The specified number of divisions in divisions is added to the positive x-values and
subtracted from the negative x-values of the mask limits in relation to the mask center.
Thus, the left half of the mask is pulled to the left, the right half is pulled to the right.

To apply the changed value to an existing mask, tap "Create Mask".

Remote command:
MASK:CHANnel<m>:PROPerties:XWIDth on page 348

Width Y
Changes the width of the mask in vertical direction.

The specified number of divisions is added to the y-values of the upper mask limit and
subtracted from the y-values of the lower mask limit. Thus, the upper half of the mask
is pulled upwards, the lower half is pulled down, and the overall height of the mask is
twice the "Width Y".

To apply the changed value to an existing mask, tap "Create Mask".

Remote command:
MASK:CHANnel<m>:PROPerties:YWIDth on page 348

Create Mask
Creates a new mask, or applies modified mask settings to the mask.

If "Coupling" is enabled, all active masks are recreated with the settings of the selected
mask.

Remote command:
MASK : CHANnel<m>:CREatemask on page 349

Action on Violation
Selects the action to be executed if the mask limits are violated.

This action is applied to all masks.

Remote command:
MASK:ONViolation[:SELection] on page 349

Save all Masks
Opens an explorer to save all active masks.

Load all Masks
Opens an explorer to load masks.

If an acquisition is running, the acquisition is topped until the masks are reloaded.

[RUN]/ [STOP]
Starts and stops triggering on mask violations.

Remote command:
RUN on page 306
STOP on page 306



6

6.1

6.1.1

6.1.2

FFT Mode

Spectrum Analysis

The R&S RTH provides several forms of spectrum analysis:
® Basic FFT calculation, which is included in the firmware

® Spectrum analysis option R&S RTH-K18, which provides a wide range of analysis
possibilities, for example, peak search and cursor measurements.

® Harmonics measurement option R&S RTH-K34, which provides an overview and
characteristic details on the harmonics contained in the measured signal

L 1Y oo 1= SRS 107

Spectrum Mode (Option R&S RTH-K18)....ccoiieiiiiieiiii e 114

Harmonics Measurement (Option R&S RTH-K34).......cccoiiiiiiiiiiiiiieee e, 131
FFT Mode

The new FFT mode is included in the standard R&S RTH installation and allows you to
perform FFT analysis directly on the instrument. During FFT analysis, the captured sig-
nal in the time domain is converted to a spectrum of frequencies. As a result, the mag-
nitude of the determined frequencies can be displayed.

Accessing the FFT Mode

1. Press the [MODE] key.
0

MODE ‘

2. Select "FFT".

FFT

FFT

A power vs. frequency (spectrum) diagram is displayed, and the spectrum of the
currently captured data is analyzed, if available.

Display and Control

The FFT display shows a power vs. frequency (spectrum) diagram and relevant analy-
sis parameters. FFT results are useful to obtain an overview of the input signal in the
frequency domain and to detect unusual signal effects (such as spurs or distortions)
visually.
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Figure 6-1: FFT display

1 = Resolution bandwidth (RBW), determined from channel bandwidth and frequency span
2 = Time scale (time per division)

3 = Power vs. time waveform

4 = Amplitude (y-axis) scale (range per division)

5 = FFT mode active

6 = Frequency values (x-axis)

7 = Channel providing input data

8 = Amplitude values (y-axis)

9 = 0 dBm line (y-axis)

Data source

FFT analysis is performed on the data captured from one of the active input channels.
Analysis can be performed on all channels simultaneously.

Time base

FFT analysis is generally performed on the data captured during the entire data acqui-
sition. To restrict the time base for which FFT analysis is to be performed (thus reduc-
ing calculation time), you must change the Time Scale. Gating or zooming is not availa-
ble for FFT analysis.

Frequency range

The spectrum display can also be restricted to a specified frequency range. By default,
the full determined spectrum is displayed. However, you can restrict the channel band-
width to a smaller value.

|
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FFT Mode

Aliasing
In FFT mode, no lowpass filter is applied. If aliasing occurs, try restricting the fre-
quency range of the input signal using the Channel Bandwidth setting.

Note that, as opposed to FFT mode, the Spectrum mode (option R&S RTH-B18) uses
an anti-aliasing filter.

The frequency axis is adjusted to the available spectrum and the selected X-Scaling
mode (linear or logarithmic). For linear scaling, the frequency axis starts at 0 Hz.

For logarithmic scaling, it starts at the frequency resolution (the distance between two
individual frequency values on the x-axis), which depends on the selected Frequency
Span and the Channel Bandwidth.

In logarithmic mode, not all possible amplitude values for a specific frequency may
occur. Each result is indicated by a bright, colored trace point.

The DC amplitude (at 0 Hz) is not displayed, as Ig(0) is not defined.

The maximum frequency value depends on the following parameters and is adjusted
accordingly:

® Sample Frequency (the sample rate with which FFT analysis is performed)

® (Channel Bandwidth

® |nstalled bandwidth options

Amplitude range

The amplitudes determined for each frequency are displayed on the y-axis of the spec-
trum. The values are scaled in dBm (dBmW) based on 50 Q impedance.

To change the displayed range, use the [RANGE] keys and the [POS] keys. The posi-
tion of the 0 dBm line is indicated by an "F" on the y-axis.

i

AUTOSET, vertical, and trigger settings

Vertical and trigger settings for the input signal must be applied in Scope mode, before
FFT mode is selected. The same applies to automatic adjustment of the instrument
settings to the input signal ((AUTOSET)).

6.1.3

Performing FFT Analysis

1. Before you can perform FFT analysis, adjust the waveforms by editing the vertical,
horizontal, trigger and acquisition settings.

For details, see:

e Chapter 3.2, "Vertical Setup", on page 40

e Chapter 3.3, "Horizontal Setup", on page 45
e Chapter 3.6, "Trigger", on page 50



RUN
STOP

6.1.4

FFT Mode

e Chapter 3.4, "Acquisition Control", on page 46

2. To adjust the instrument settings to the current input signal automatically, press
[AUTOSET].

3. Select the "FFT" mode.

4. Select the "Frequency Span" setting and determine which sample frequency you
require ("Max" is the highest).

5. Select the "Window" type according to the signal characteristics that are most rele-
vant for your measurement task (see "Window type" on page 111).

6. Select the "Channel Bandwidth" setting and define the frequency limit of the spec-
trum diagram. Frequencies above the selected limit are removed to reduce noise at
different levels.

7. To switch to a logarithmic frequency scaling, select "X-Scaling": "Logarithmic".

To start and stop FFT analysis, press the [RUN STOP] key.

FFT Mode Settings

Access: "FFT" menu

Additional settings for horizontal (time) scaling and data acquisition are available for
FFT mode and directly accessible via the FFT menu. For a description, see:

® "Time Scale" on page 46
® "Acquisition Mode" on page 47
® "Sampling Rate C1 - C4" on page 48

Furthermore, the history function can be used to perform FFT analysis on stored data,
see Chapter 4.7, "History (Option R&S RTH-K15)", on page 96.

£ B
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Channel BandWidth..........ooo e 112
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[CH <n>]

Selects the channel for which the captured data is analyzed in FFT mode. FFT analy-
sis can be performed on all channels simultaneously.

Remote command:
SPECtrum: SOURce on page 352



Frequency Span
Determines how many values are analyzed by a single FFT (sample frequency), and
thus the frequency resolution. The larger the value, the higher the resolution, but the
longer the required analysis time.

FFT Mode

Note: Due to the longer analysis time, changes to the measurement settings may only
become visible with a time delay.

Furthermore, the frequency span determines the visible range in the spectrum dia-
gram. Depending on the selected frequency span, the time scale may be restricted
(see "Time Scale" on page 46).

"Narrow"
IIMaXII

8k values analyzed per FFT; time scale = 100 ms/div

64k values analyzed per FFT; time scale = 1 pys/div

Remote command:

SPECtrum
SPECtrum:
SPECtrum:
SPECtrum:

:FREQuency:

FREQuency:
FREQuency:
FREQuency:

SPAN:MODE on page 354
SPAN[:VALue] on page 354
CENTer on page 353

STARt on page 354

SPECtrum:FREQuency:
SPECtrum:FREQuency:

STOP on page 354
BANDwidth[:RESolution] [:VALue] on page 352

Window type

Windowing helps minimize the discontinuities at the end of the measured signal inter-
val and thus reduces the effect of spectral leakage, increasing the frequency resolu-
tion.

Various different window functions are provided in the R&S RTH to suit different input
signals. Each of the window functions has specific characteristics, including some
advantages and some trade-offs. Consider these characteristics carefully to find the
optimum solution for the measurement task.

Table 6-1: Window type characteristics

Window type Frequency Magnitude Measurement recommendation
resolution resolution

Rectangular Best Worst Separation of two tones with almost equal amplitudes
and a small frequency distance

Hamming Good Poor Frequency response measurements, sine waves, peri-

Hann odic signals and narrow-band noise

Flat-Top Poor Best Accurate single-tone measurements

Blackman Worst Best Mainly for signals with single frequencies to detect har-
monics
Accurate single-tone measurements

Remote command:
SPECtrum: FREQuency:WINDow: TYPE on page 355
SPECtrum: FREQuency:WINDow:FACTor? on page 355



R&S®Scope Rider RTH Spectrum Analysis

Channel Bandwidth

Determines the frequency limit of the spectrum. Frequencies above the selected limit
are removed to reduce noise at different levels. Values from 1 kHz to 10 MHz can be
selected. Alternatively, the full span of the current input signal can be selected.

For more details on the channel bandwidth, see "Bandwidth" on page 42.

Remote command:
CHANnel<m>:BANDwidth on page 302

X-Scaling
Defines the scaling method for the frequency (x-)axis of the spectrum display.

"Linear" Linear scaling

"Logarithmic" Logarithmic scaling
Note that in this mode, not all possible amplitude values for a specific
frequency may occur. Each result is indicated by a bright, colored
trace point.
The DC amplitude (at 0 Hz) is not displayed, as Ig(0) is not defined.
Remote command:
SPECtrum: FREQuency:HORizontal: SCALe on page 353

Sample Frequency

Indicates the sample rate with which FFT analysis is performed. This value may differ
from the Sampling Rate C1 - C4 in the data acquisition settings, as the number of sam-
ples must be adjusted to a value of 2X FFT points.

Remote command:
SPECtrum: FREQuency: SAMPle? on page 353

6.1.5 Export FFT Data to File
Access: [MODE] = "FFT" > [FILE] > "FFT"

___Selfali nment __
Selfalignment Last performed
Select Alignment Step: 9 -] i

WO ok 2018-07-20 14:51:05
DMM Only SADRadix ok
Full Interleave ok
SADRadixAB ok Passed
Iso ok

State

Start Selfalignment Vertical ok
DMM Ok

For best results instrument should be warmed up (running for more than 30 minutes) when starting
alignment. During alignment nothing should be connected to the inputs of the oscilloscope. "Full"
alignment is recommended.

The selfalignment may take up to : 15 minutes.
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FFT Mode

The results of a spectrum measurement can be exported similarly to a waveform (see
also Chapter 12, "Documenting Results", on page 265). The OneTouch functionality is
also available (see Chapter 12.6, "Quick Save with OneTouch", on page 277).

For details on the export file format, see .

File Format
Selects the format of the export file.

"Compressed = Comma-separated values (CSV) text file, the waveform is stored in a

csv" table. The columns are separated by commas or another delimiter.
For each sample, one line is written. Values are listed in scientific
notation. You can convert the comma-separated text to columns.

"Compressed  ZIP file that contains one or more CSV files. This format reduces the
csv" file size.

Remote command:
SPECtrum:EXPort :NAME on page 366

Save Spectrum, Save Spectrum As
Save the spectrum results.

"Save" Saves the file in the defined "Directory” using the autonaming pattern.
"Save As" Opens a file explorer where you can select the directory and enter the
filename.

Remote command:
SPECtrum:EXPort:SAVE on page 366

Directory
Defines the directory where the spectrum files are stored. If a USB flash drive is con-
nected, the instrument stores the data to this external device by default.

Remote command:
SPECtrum:EXPort : NAME on page 366

Filename Base
Defines the first part of the filename. The complete filename pattern is:

<filename base> <date> <timestamp>.csv.

Remote command:
SPECtrum:EXPort :NAME on page 366

Store with Freq.
Includes the frequency values in the stored results.

Remote command:
SPECtrum:EXPort:INCXvalues on page 366

CSV Column Delimiter

Selects the column delimiter for CSV files. You need to know the delimiter when you
convert the CSV text to columns in a spreadsheet.



Spectrum Mode (Option R&S RTH-K18)

6.1.6 Export File Format for FFT Results

The file format forFFT results is similar to a waveform export file; it is also stored in
CSV format. You can convert the comma-separated text to columns (see Chap-
ter 12.4.3.3, "Converting CSV to Excel Files", on page 276).

Table 6-2: Header data (converted to table)

Spectrum Results [Example data]

Model RTH1004

SerialNumber XXXXX

Firmware Version '1.60'

Acquisition Time Stamp 2017-07-31
14:27:35.96278902

Center Frequency [Hz] 2.5e+008

Span [Hz] 5e+008

RBW [Hz] 2.5e+006

Window Hann

Record Length [n] 6554

Start Frequency [Hz] 0

Frequency Resolution [Hz] 76293.9

Table 6-3: Spectrum (trace) data (converted to table data)

Frequency Magnitude
[Hz] [VIIAT?

0 0.000113039
76293.9 0.000226932

*) depends on probe setting

6.2 Spectrum Mode (Option R&S RTH-K18)

The optional Spectrum mode allows you to perform sophisticated spectrum analysis
directly on the instrument. During spectrum analysis, the captured signal in the time
domain is converted to a spectrum of frequencies. As a result, various signal charac-
teristics in the frequency domain can be displayed.

e Accessing the SpPectrum MOE........c.uuiviiiiiiiiie e e e srree e e 115
o Display and CONTrol.........cooo i 115
o Performing Spectrum ANalYSiS.........ueiii i 17
o Spectrum Mode SettingsS........ueiiiiiiiiiiee e 118
@  Vertical SEttiNGS. ... 122



6.2.1

6.2.2

Spectrum Mode (Option R&S RTH-K18)

o Marker (Peak Search) Settings.........ccuveiiiiiiiiiii e 123
e Cursor Measurements 0N SPECIrUMS........eeviiiiiiiiiiiiiiee e 126
o Export Spectrum Data t0 File.......ccoooiiiiiii e 129
e Export File Format for Spectrum ReSUItS..........ccooviciiiiiiiiiiiee e 130

Accessing the Spectrum Mode

1. Press the [MODE] key.

s
MODE |

2. Select "Spectrum”.

Spectrum

A power vs frequency (spectrum) diagram is displayed, and the spectrum of the
currently captured data is analyzed, if available.

Display and Control

The Spectrum display shows a power vs frequency (spectrum) diagram and relevant
analysis parameters. Spectrum results are useful to obtain an overview of the input sig-
nal in the frequency domain and to detect unusual signal effects (such as spurs or dis-
tortions) visually.

The power levels in the diagram are always scaled logarithmically. The frequency axis
can be displayed either logarithmically or linearly.

Various statistical evaluations can be performed and displayed simultaneously. In this
case, the different traces are displayed in different colors:

® Currently calculated spectrum: cyan-colored trace (like basic FFT)

® Min hold and max hold evaluation: blue trace

® Averaged spectrum: magenta-colored trace

Optionally, markers can be activated to indicate peak values in the spectrum. Track

cursors are available to determine the power or power density in a specific frequency
range.
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1000MHz RBW: 5000kHz Run 4 “512%

Figure 6-2: Spectrum display

= Reference level (y-axis, by default 0 dBm line)

= Currently calculated spectrum (power vs. frequency graph)
= Amplitude scale (y-axis)

= Channel providing input data

= Coupling of the input channel

= Frequency scale (x-axis)

= Amplitude scale (y-axis, power per division)

= Operating status of the spectrum measurement ("Hold"/"Run")
= Displayed resolution bandwidth

10 = Displayed frequency span

11 = Center frequency

12 = Marker results

13 = Reference marker

© 000N OB WN =

Data source

Spectrum analysis is performed on the data captured from one of the active input
channels. Analysis can only be performed on one channel at a time.

Time base and resolution bandwidth

Spectrum analysis is generally performed on the data captured during the entire data
acquisition. To restrict the time base for which spectrum analysis is to be performed
(thus reducing calculation time), you must increase the resolution bandwidth (RBW,
see "Resolution bandwidth (RBW)" on page 120). Gating or zooming is not available
for spectrum analysis.
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Spectrum Mode (Option R&S RTH-K18)

Frequency range
The spectrum display can also be restricted to a specified frequency range.

The frequency axis is adjusted to the available spectrum and the selected X-Scaling
mode (linear or logarithmic). Note that changing the frequency range only affects the
spectrum display, not the calculated results.

In logarithmic mode, not all possible amplitude values for a specific frequency may
occur. Each result is indicated by a bright, colored trace point.

The DC amplitude (at 0 Hz) is not displayed, as Ig(0) is not defined.

6.2.3

Amplitude range

The amplitudes determined for each frequency are displayed on the y-axis of the spec-
trum. The values are scaled in dBm (dBmW) based on 50 Q impedance.

To change the displayed range, use the [RANGE] keys and the [POS] keys. The posi-
tion of the 0 dBm line is indicated by an "F" on the y-axis.
Triggering

During spectrum analysis, no triggering is used - the trigger settings are ignored. A
spectrum is calculated from the input data continuously.

Performing Spectrum Analysis

1. Before you perform spectrum analysis, adjust the instrument settings to the input
signal by editing the vertical, horizontal, and acquisition settings.

For details, see:

e Chapter 3.2, "Vertical Setup", on page 40

e Chapter 3.3, "Horizontal Setup”, on page 45

e Chapter 3.4, "Acquisition Control", on page 46

2. To adjust the instrument settings to the current input signal automatically, press
[AUTOSET].

Select the "Spectrum" mode.
Define the "Center Frequency" for analysis.
Define the "Span" of the spectrum to be analyzed.

Define the required "RBW: Span Ratio" according to your test requirements.

N o o w

Select the "Window" type according to the signal characteristics that are most rele-
vant for your measurement task (see "Window type" on page 111).

8. To switch to a logarithmic frequency scaling, select "X-Scaling": "Logarithmic".



Spectrum Mode (Option R&S RTH-K18)

9. To perform statistical evaluation of the spectrum results, select one of the evalua-
tion modes.
For averaging, define the number of values to be considered.

10. Select the "Vertical" menu.
11. Define the unit in which the magnitude values are indicated.

12. Define the "Reference Level" as the highest expected input level.

m 13. To start and stop spectrum analysis, press the [RUN STOP] key.

14. To determine peaks in the spectrum:

a) Select the "Marker" menu.

b) Set the "State" to "On" to enable a peak search.

c) Define the number of markers as the maximum number of peaks to be detec-
ted.

d) Define the "Threshold", "Excursion", and "Distance" to configure the peak
search.

e) Select one of the displayed traces to be used as the source of the peak search.

f) Select whether the marker values are indicated as absolute values or relative
to the reference (highest) peak.

15. To determine the frequency or level values, or both, at specific points in the spec-
trum, enable the spectrum track cursors:

a) Select the "Cursor" menu.

b) Set the "State" to "On" to display the cursors.

c) Select one of the displayed traces to be used as the source of the track cur-
SOrs.

d) Select whether the values are indicated as absolute values or as the difference
between the two cursors ("Delta").

e) Drag the cursors to the required positions in the spectrum.
The levels and frequencies of the cursors at the crossings with the spectrum
are indicated at the top of the diagram.

f) To keep the cursors at a fixed distance to one another, enable the "Coupling"
option.

g) To keep the cursors at a fixed (relative) distance to the spectrum, regardless of
the current scaling, enable the "Track Scaling" option.

6.2.4 Spectrum Mode Settings

Access: "Spectrum" menu
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autorew [

RBYY:Span Ratio

1:200

Window

Hann v

clear/wiite [l

macHold [l
iin Hold n
Average n

Additional settings for horizontal (frequency) scaling and data acquisition are available
for Spectrum mode and directly accessible via the "Spectrum” menu. For a description,
see:

® "Time Scale" on page 46
® "Acquisition Mode" on page 47
® "Sampling Rate C1 - C4" on page 48
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X-Scaling

Defines the scaling method for the frequency (x-)axis of the spectrum display.
"Linear" Linear scaling

"Logarithmic" Logarithmic scaling
Note that in this mode, not all possible amplitude values for a specific
frequency may occur. Each result is indicated by a bright, colored
trace point.
The DC amplitude (at 0 Hz) is not displayed, as Ig(0) is not defined.

Remote command:
SPECtrum: FREQuency:HORizontal: SCALe on page 353
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Center Frequency

Defines the frequency in the center of the displayed span for linear frequency scaling
(see "X-Scaling" on page 112). Usually, the center frequency is set to the highest mea-
sured power level in spectrum analysis.

To set the center frequency, you can also use the [POS] keys.

Remote command:
SPECtrum: FREQuency:CENTer on page 353

Span

Determines the measured frequencies and the visible range in the spectrum diagram
for linear frequency scaling (see "X-Scaling" on page 112). Depending on the selected
span, the time scale may be restricted (see "Time Scale" on page 46).

To set the span, you can also use the [TIME] keys.
The span must be within the range 1 kHz to 500 MHz.
Note that this range only affects the displayed spectrum, not the calculated results.

Remote command:
SPECtrum: FREQuency:SPAN[:VALue] on page 354

Start Frequency/ Stop Frequency

For logarithmic frequency scaling (see "X-Scaling" on page 112), the displayed fre-
quency range is defined by a start and a stop value, rather than a span and center fre-
quency. Note that this range only affects the displayed spectrum, not the calculated
results.

Remote command:
SPECtrum: FREQuency: STARt on page 354
SPECtrum: FREQuency: STOP on page 354

Resolution bandwidth (RBW)

The resolution bandwidth (RBW) determines the resolution of the spectrum, that is: the
minimum distance between two distinguishable peaks. The higher the resolution (the
smaller the ratio), the more peaks are detected, but the longer the measurement
requires to finish.

In manual operation, the RBW is defined in relation to the selected frequency span and
must lie between 1:1000 and 1:10. If you change the span, the RBW is automatically
adjusted to the minimum or maximum allowed value, if necessary. (In remote opera-
tion, the RBW can also be defined directly, independently of the span).

In Auto mode, the optimal resolution according to the frequency Span and selected
Window type is used. It is indicated for the "RBW" setting.

Remote command:

SPECtrum: FREQuency:BANDwidth[:RESolution] :AUTO on page 356
SPECtrum: FREQuency:BANDwidth[:RESolution] :RATio on page 357
SPECtrum: FREQuency:BANDwidth[:RESolution] [:VALue] on page 352
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Window type

Windowing helps minimize the discontinuities at the end of the measured signal inter-
val and thus reduces the effect of spectral leakage, increasing the frequency resolu-
tion.

Various different window functions are provided in the R&S RTH to suit different input
signals. Each of the window functions has specific characteristics, including some
advantages and some trade-offs. Consider these characteristics carefully to find the
optimum solution for the measurement task.

Table 6-4: Window type characteristics

Window type Frequency Magnitude Measurement recommendation
resolution resolution
Rectangular Best Worst Separation of two tones with almost equal amplitudes

and a small frequency distance

Hamming Good Poor Frequency response measurements, sine waves, peri-
Hann odic signals and narrow-band noise
Flat-Top Poor Best Accurate single-tone measurements
Blackman Worst Best Mainly for signals with single frequencies to detect har-

monics

Accurate single-tone measurements

Remote command:
SPECtrum: FREQuency:WINDow: TYPE on page 355
SPECtrum: FREQuency:WINDow: FACTor? on page 355

Trace mode (Clear/Write/ Max Hold/ Min Hold/Average )

Determines which of the acquired data is displayed. Several traces can be displayed in
parallel, but at least one mode must be selected. By default, the "Clear/Write" mode is
selected.

As soon as a new mode is selected, statistical evaluation is restarted.
To clear the results for previous measurements used for statistical evaluation, select

Reset.

"Clear/Write" The currently measured value for each frequency is displayed.

"Max Hold" The maximum value for each frequency over all measurements is dis-
played.
Using the max hold trace mode is a good way to detect intermittent
signals or the maximum values of fluctuating signals, for example.

"Min Hold" The minimum value for each frequency over all measurements is dis-
played.
Using the min hold trace mode is a good way to highlight signals
within noise or suppress intermittent signals.

"Average" The average value for each frequency in the Clear/write trace over

the specified "Number of Averages" is calculated.

Averaging reduces the effects of noise, but has no effects on sine sig-
nals. Using the trace averaging therefore is a good way to detect sig-
nals in the vicinity of noise.
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Remote command:

SPECtrum:WAVeform:MAXimum[ :ENABle] on page 358
SPECtrum:WAVeform:MINimum[ :ENABle] on page 358
SPECtrum:WAVeform: SPECtrum[ :ENABle] on page 359
SPECtrum:WAVeform:AVERage [ :ENABle] on page 358
SPECtrum: FREQuency:AVERage : COUNt on page 356

Reset
Clears the results for previous measurements used in statistical evaluation (see Trace
mode (Clear/Write/ Max Hold/ Min Hold/Average )).

Remote command:
SPECtrum: FREQuency:RESet on page 359

6.2.5 Vertical Settings

You can configure the vertical settings for the input signal in Scope mode. When you
select the Spectrum mode, the configuration is maintained. Some additional vertical
settings are available in Spectrum mode.

Unit of Magnitude
dBm v

Reference Level

0 dBm
Source

C1 C2

Coupling
Probe Setting
1:1 v
Vertical Scale

50 m¥/diy

Offset
oy

The [AUTOSET] function sets the center frequency to the frequency with the highest
measured power. All other vertical settings are set to allow for an optimal spectrum dis-

play.

The following vertical settings are identical to Scope mode:
® "Coupling" on page 41

® "Probe Setting" on page 42

e "Offset" on page 43

The following settings are available in Spectrum mode only:
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UNit Of MagnitUde..........eeeiiiiieeee e e 123
REEIENCE LEVEL. ... et e et e e e e e e e ana s 123
Lo U] (ot TP 123
VT (o= | IS or=1 [T 123
Unit of Magnitude

Defines the unit in which the power values are displayed.

Remote command:
SPECtrum: FREQuency:MAGNitude: SCALe on page 353

Reference Level
Defines the expected maximum input signal level.

Remote command:
SPECtrum: FREQuency:MAGNitude:REFerence[:VALue] on page 357

Source
Selects the channel for which the captured data is analyzed. Spectrum analysis can
only be performed on one channel at a time.

The source can also be selected using the [CH1])/[CHZ2] keys.

Remote command:
SPECtrum: SOURce on page 352

Vertical Scale
Defines the scaling of the input signal in Volt per division.

Vertical scale and vertical position affect the resolution of the waveform amplitude
directly. To get the full resolution, make sure that the waveforms cover most of the
screen's height.

Note: This value configures the input signal. The vertical scale of the y-axis of the
spectrum, which is indicated in the channel settings beneath the spectrum diagram,
must be configured using the [RANGE] and [POS] keys.

Marker (Peak Search) Settings

Access: "Marker" menu
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| State N O |

Number of Markers
3
Threshold
-40 dBm
Excursion
0dB

Distance

0 Hz

Trace Source
Clear /Yfrite v

Marker Yalue
Absolute v

You can configure which peaks the instrument will find within the spectrum results.
Peaks are indicated by markers in the power vs frequency display. The frequency and
power level measured at the peak is also indicated in the diagram.

Overlapping markers

If two detected peaks are very close to each other and the markers in the display over-
lap, the marker with the lower amplitude is indicated in a darker color and put slightly in
the background, while the one with the higher amplitude is displayed normally. Using
the remote commands, both values can be retrieved.

Remote commands for results:

SPECtrum:MARKer :RESult<m>:FREQuency[:VALue] ? on page 364
SPECtrum:MARKer :RESult<m>:FREQuency:DELTa? on page 364
SPECtrum:MARKer:RESult<m>:LEVel [ :VALue] ? on page 364
SPECtrum:MARKer:RESult<m>:LEVel : DELTa? on page 365
SPECtrum:MARKer :RMARker : FREQuency? on page 365

SPECtrum:MARKer :RMARker : VALue? on page 365

] =1 (= TSR 125
NUMDBDEE Of MAIKEIS.....coeeeeeeeeeeeeee e e e e e e e e e e e e e e e e eeanan 125
L 2 (=] o] [ R 125
T L Q=) (o1 (=1 [0] o 1 125
] = g Lo = PR 126
TFACE SOUICE.....ciiitii ettt ettt e e et e e e e e e e et b e e e e e e etab e eaeseetanaeaaesestannaaaeens 126
Y =T T V2= | [V = TSP 126
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State
If enabled, a peak search is performed on the current spectrum results and the speci-
fied Number of Markers are displayed.

Remote command:
SPECtrum:MARKer [ : STATe] on page 362

Number of Markers

Defines the maximum number of markers used to indicate peaks in the spectrum
results. With 3 active markers, the 3 peak values in the spectrum are indicated. Note
that if fewer peaks are detected than the specified maximum number of markers, fewer
markers are displayed.

Remote command:
SPECtrum:MARKer : COUNt on page 362
SPECtrum:MARKer :RCOunt? on page 363

Threshold
Defines an absolute level threshold as an additional condition for the peak search.
Only peaks that exceed the threshold are detected.

Remote command:
SPECtrum:MARKer:SETup:MLEVel on page 363

Peak excursion

Defines a relative threshold, the minimum level value by which the waveform must rise
or fall to be considered a peak. To avoid identifying noise peaks, enter a peak excur-
sion value that is higher than the noise levels.

The following figure shows a spectrum display:

2

i ‘||‘ | H i

i l|||| || r
g il \“'“mm

e
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If "Peak excursion” is 30 dB, the peak 1 is found. If "Peak excursion" is 20 dB, also the
peak 2 and several others are found.

Remote command:
SPECtrum:MARKer: SETup:EXCursion on page 363

Distance
Defines a minimum distance between two frequencies that must be exceeded in order
to detect individual peaks.

Remote command:
SPECtrum:MARKer: SETup:DISTance on page 363

Trace Source
Selects the trace on which the markers are placed. Only active traces are available
(see "Trace mode (Clear/Write/ Max Hold/ Min Hold/Average )" on page 121).

Remote command:
SPECtrum:MARKer : SOURce on page 362

Marker Value
Determines whether the absolute measured results at each cursor position are dis-
played, or the delta between the cursors.

Remote command:

SPECtrum:MARKer :RESult<m>:FREQuency[:VALue] ? on page 364
SPECtrum:MARKer :RESult<m>:FREQuency:DELTa? on page 364
SPECtrum:MARKer :RESult<m>:LEVel [ :VALue] ? on page 364
SPECtrum:MARKer :RESult<m>:LEVel :DELTa? on page 365

6.2.7 Cursor Measurements on Spectrums

Track cursors are available for spectrum data to determine the power or power density
in a specific frequency range.

6.2.7.1 Cursor Measurement Results

For the spectrum diagram, special track cursors are available. If enabled, you can
place the two cursors at any position in the spectrum. As a result, the frequency and
measured power levels of the selected trace at the crossing point with the cursors are
displayed. Both the power and the power density for each cursor are indicated. Instead
of the absolute results for the second cursor, the delta between both cursors can be
provided.
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y1=-13.9 dBm /-29.4 pdBm/Hz | RBW: 500.0kHz Run 4| ¥ 1i

13:1553

Figure 6-3: Cursor display in Spectrum mode

1 = Cursor 1 frequency and level results

2 = Cursor 2 frequency and level results

3 = Trace used as source for cursor results
4 = Cursor 1

5 = Cursor 2

Remote commands for results:
SPECtrum:CURSor<m>:FREQuency[:VALue] on page 360
SPECtrum:CURSor<m>:FREQuency:DELTa? on page 361
SPECtrum:CURSor<m>:LEVel [ :VALue] ? on page 361

SPECtrum:CURSor<m>:LEVel :DELTa? on page 361

6.2.7.2 Cursor Settings

Access: "Cursor" menu
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State

Trace Source

Clear/Write Clear/\Write

Cursor Yalue

L

w

v

flin Hold Track Scaling “_
| O |

Average

Coupling

Set to Screen

State
Enables or disables the spectrum cursor measurement.

Remote command:
SPECtrum: CURSor<m>:STATe on page 359

Trace Source
Selects the trace on which the cursors are placed. Only active traces are available (see
"Trace mode (Clear/Write/ Max Hold/ Min Hold/Average )" on page 121).

Remote command:
SPECtrum:CURSor<m>:SOURce on page 359

Cursor Value
Determines whether the absolute measured results at each cursor position are dis-
played, or the delta between the cursors.

Remote command:

SPECtrum: CURSor<m>:FREQuency [ :VALue] on page 360
SPECtrum:CURSor<m>:FREQuency:DELTa? on page 361
SPECtrum:CURSor<m>:LEVel [ :VALue] ? on page 361
SPECtrum:CURSor<m>:LEVel :DELTa? on page 361

Track Scaling
If enabled, the position of the cursor lines is adjusted if the vertical or horizontal scales
are changed. The cursor lines keep their relative position to the waveform.

If disabled, the cursor lines remain on their position on the display if the scaling is
changed.

Remote command:
SPECtrum:CURSor<m>:SCPLing on page 360

Coupling
Couples the cursor lines so that the distance between the two lines remains the same
if one cursor is moved.

Remote command:
SPECtrum:CURSor<m>:COUP1ling on page 360
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Set to Screen
Sets the cursors to a default position on the screen. This is helpful if the cursors have
disappeared from the display or need to be moved for a larger distance.

Remote command:
SPECtrum: CURSor<m>:SCReen on page 362

6.2.8 Export Spectrum Data to File

Access: [MODE] = "Spectrum" > [FILE] > "Spectrum"

___Selfali nment __
Selfalignment Last performed
Select Alignment Step: '9 - s

WoS T ok 2018.0720 14:51:05
DMM Only SADRadix ok
Full Interleave ok
SADRadixAB ok Passed
Iso ok

State

Start Selfalignment Vertical ok
DMM Ok

For best results instrument should be warmed up (running for more than 30 minutes) when starting
alignment. During alignment nothing should be connected to the inputs of the oscilloscope. "Full"
alignment is recommended.

The selfalignment may take up to : 15 minutes.

The results of a spectrum measurement can be exported similarly to a waveform (see
also Chapter 12, "Documenting Results", on page 265). The OneTouch functionality is
also available (see Chapter 12.6, "Quick Save with OneTouch", on page 277).

For details on the export file format, see Chapter 6.2.9, "Export File Format for Spec-
trum Results", on page 130.

File Format
Selects the format of the export file.

"CSv" Comma-separated values (CSV) text file, the waveform is stored in a
table. The columns are separated by commas or another delimiter.
For each sample, one line is written. Values are listed in scientific
notation. You can convert the comma-separated text to columns.

"Compressed  ZIP file that contains one or more CSV files. This format reduces the
cSsv" file size.

Remote command:
SPECtrum:EXPort :NAME on page 366

Save Spectrum, Save Spectrum As
Save the spectrum results.

"Save" Saves the file in the defined "Directory" using the autonaming pattern.
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"Save As" Opens a file explorer where you can select the directory and enter the
filename.

Remote command:
SPECtrum:EXPort:SAVE on page 366

Directory
Defines the directory where the spectrum files are stored. If a USB flash drive is con-
nected, the instrument stores the data to this external device by default.

Remote command:
SPECtrum:EXPort :NAME on page 366

Filename Base
Defines the first part of the filename. The complete filename pattern is:

<filename base> <date> <timestamp>.csv.

Remote command:
SPECtrum:EXPort :NAME on page 366

Store with Freq.
Includes the frequency values in the stored results.

Remote command:
SPECtrum:EXPort:INCXvalues on page 366

CSV Column Delimiter
Selects the column delimiter for CSV files. You need to know the delimiter when you
convert the CSV text to columns in a spreadsheet.

6.2.9 Export File Format for Spectrum Results

The spectrum results export file format is similar to a waveform export file; it is also
stored in CSV format. You can convert the comma-separated text to columns (see
Chapter 12.4.3.3, "Converting CSV to Excel Files", on page 276).

Table 6-5: Header data (converted to table)

Spectrum Results [Example data]

Model RTH1004

SerialNumber XXXXX

Firmware Version '1.60'

Acquisition Time Stamp 2017-07-31
14:27:35.96278902

Center Frequency [Hz] 2.5e+008

Span [Hz] 5e+008

RBW [Hz] 2.5e+006

Window Hann
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Number of Average [n] (used for average trace) 64
Record Length [n] 6554
Start Frequency [Hz] 0
Frequency Resolution [Hz] 76293.9

Table 6-6: Spectrum (trace) data (converted to table data)

Frequency Clear/Write Max Min Average
[Hz] [VIAD [VIAD [VIIA] [VIIAD?
0 0.000113039

76293.9 0.000226932

*) depends on probe setting

@ Converting voltage or Ampere to power values

The spectrum results are provided as voltages or in Amperes (depending on the probe
setting). To convert the these results (U/I) to power values (P), use the following equa-
tions:

U
P U)=20-lg(—
2wy (U) g(IV)

I
Pia(l)=20-lg(—
(1) g(IA)

P U’ R
P U)=10-lg(——)=10-lg(—/ImW )= P, U)+30-10-lg(—
usm (U) g(lmW) g(R mW' ) s (U) g(]_())

P (1)—10-1(L)—10-1(12'R)—P (1)+30+10.1(i)
dBm = & ImW = 8! ImW = L4y 8! 10

Where:

e R=500Q

* P=U*I=U2/R=I*R

6.3 Harmonics Measurement (Option R&S RTH-K34)

With this measurement, you can easily measure the harmonics of an input signal. In
addition, the total harmonic distortion (THD) is calculated.
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The harmonics measurement performs an FFT on the input signal and determines the
power levels measured at the specified fundamental frequency and at each harmonic.
Harmonics are frequencies that are a multiple of the fundamental frequency.

As a result, the magnitude, frequency and phase values for the selected harmonics are
shown, as well as the RMS power values and the total harmonic distortion (THD).

In general, every signal contains harmonics. Harmonics are generated by nonlinear
characteristics, which add frequencies to a pure sine wave. Harmonics are particularly
critical regarding high-power transmitters such as transceivers because large harmon-
ics can interfere with other radio services.

Harmonic distortion can be determined as the level of the individual components, or as
the root mean square of all components together, the total harmonic distortion (THD).
The THD is set in relation to the power of the fundamental frequency.

6.3.1 Accessing the Harmonic Mode

1. Press the [MODE] key.

B |

MODE \

2. Select "Harmonic".

Harmonic

An FFT is performed on the input signal, and the power level at the fundamental
and all harmonic frequencies of the signal (that is: all multiples of the fundamental
frequency) are analyzed.

6.3.2 Harmonic Measurement Results and Display

As the result of a harmonic measurement, a bargraph is displayed, with one bar for
each of 64 possible harmonic frequencies. The amplitudes determined for each har-
monic are indicated by a colored bar. The results for each active input channel are dis-
played in a different color. The values are scaled in dB or percent, in relation to the
level at the fundamental frequency. If a limit is defined, either manually or predefined
by a standard, the limit is indicated by a blue horizontal line for each harmonic. If the
measured value exceeds the limit, the background is highlighted red. The darker col-
ored bar indicates the maximum value measured for the harmonic.
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Magnitude Phase FrEquency
323d8 2568mV  117° 1106 Hz
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Figure 6-4: Harmonic results and display
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(1) Order of harmonic

Results are displayed for each of 64 possible harmonic frequencies. You can restrict
the number of harmonics to be analyzed (see "Display Harmonics, Max No Harmonics"
on page 140).

Remote command:
(determined by suffix <n> in remote command)

(2) Power level of fundamental frequency

The calculated power level at the fundamental frequency. The graphical level results
are indicated in relation to the power level of the fundamental frequency. Thus, this bar
is always at 100 % or 0 dB.

Remote command:
HARMonic:RESult<m>:HARMonicsl:ABSMagnitude?
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(3+4) Power level of individual harmonics

For each harmonic and each input channel, a colored bar indicates calculated power
level at the selected harmonic frequency, set in relation to the power level of the funda-
mental frequency. The color of the bar corresponds to the color of the input channel.

The brighter colored bar is the current value, while the darker colored bar is the maxi-
mum value in the current measurement.

Remote command:
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude[:CURRent]?

on page 373
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude:MAXimum? on page 373
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude:MINimum? on page 373
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude[:CURRent]?

on page 375

HARMonic:RESult<m>:HARMonics<n>:RELMagnitude:MAXimum? on page 375
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude:MINimum? on page 375

(5+6) Limit line and check for individual harmonics

If a limit is defined for the individual harmonic, it is indicated in the graphic (see "Limits,
Loaded File" on page 139). If the measured value exceeds the limit line, the back-
ground of the harmonic bar is highlighted red.

Remote command:

HARMonic:RESult<m>:HARMonics<n>:LIMit? on page 374
HARMonic:RESult<m>:HARMonics<n>:LIMCheck? on page 373
HARMonic:RESult<m>:HARMonics<n>:LIMViolation? on page 374

(7) Power level scale
Indicates whether the bargraph results are displayed in percent or dB.

Remote command:
HARMonic:SCALe on page 370

(8) Input channel

Harmonics measurement is performed on the data captured from one of the active
input channels. The measurement can be performed on all channels simultaneously.
The bars and numeric results for each channel are displayed in the same color as the
channel indicator.

Remote command:
CHANnel<m>:STATe on page 299

(9) Result type for numeric results

Either the currently measured numeric values, or the minimum or maximum values can
be displayed. The selected result type is indicated above the diagram. The bargraph
always displays both the current and the maximum values.

In addition, an average over several measurements can be calculated (not indicated in
the diagram.)

Remote command:
HARMonic:STATistic on page 370
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(10) Operating status
Indicates the status of the harmonic measurement ("Hold"/"Run").

(11) Error indicator

If an error occurs during the measurement, an indicator is displayed above the bar-
graph. These indicators remain visible thoughout the measurement, for all acquisitions.
In addition, the long form of the error is indicated, blinking, for the duration of the acqui-
sition in which an error occurs only.

The following errors may be indicated:

e "C" (Clipping)
The amplitudes determined for each frequency must be within the currently defined
amplitude range in order to be measured correctly. If the signal is not entirely within
the defined range, a "Clipping" message is displayed next to the channel indicator
in the numeric result area of the screen. The measurement is invalid and no results
are calculated.
To change the amplitude range, use the [RANGE] keys or the [AUTOSET] function.

® "F" (Frequency)
If the specified fundamental frequency £10 % is not detected in the signal, the
measurement is invalid.

e L™ (Limit)
If a limit check is activated and the measured value exceeds the specified limit for
a harmonic, a limit violation has occurred. The background of the harmonic is high-
lighted red.

Remote command:
HARMonic:RESult<m>:CLIPping? on page 372
HARMonic:RESult<m>:FRQMissing? on page 372
HARMonic:RESult<m>:TIMViolation? on page 376

(12) RMS
The calculated root mean square (RMS) amplitude in the entire signal, that is: for all
harmonics and the fundamental frequency.

7 N
Urus = —‘zuz(k)
k=0

Remote command:
HARMonic:RESult<m>:RMS[:CURRent]? on page 377
HARMonic:RESult<m>:RMS:MINimum? on page 377
HARMonic:RESult<m>:RMS:MAXimum? on page 377

(13) Total harmonic distortion (THD)
THD (total harmonic distortion), that is: the root mean square (RMS) amplitude (voltage
or current) of the harmonics.

The value is provided either:
® Relative to the RMS amplitude at the fundamental frequency (first harmonic,
THDg):
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] 64 ,
THDp = ’ §:UkM&i
URMS,] i=2

® Relative to the total power of the signal (THDg):
THD,.

\1+THD}

Remote command:
HARMonic:RESult<m>:THD[:CURRent]? on page 378
HARMonic:RESult<m>:THD:MINimum? on page 378
HARMonic:RESult<m>:THD:MAXimum? on page 378
HARMonic:THDType on page 371

THD, =

(14) Selected harmonic

Some results are provided for a single, selected harmonic. You select the harmonic by
tapping the number at the bottom of the bargraph. The selected harmonic is highligh-
ted.

Remote command:
(determined by suffix <n> in remote command)

(15) Numeric results for selected harmonic
The following numeric results are displayed for the (14) Selected harmonic:
® Order of the harmonic
® Magnitude (relative to (2) Power level of fundamental frequency and absolute
value)
Phase (percent or dB, depending on Scale setting)
Frequency
Remote command:
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude[:CURRent]?
on page 373
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude:MINimum? on page 373
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude:MAXimum? on page 373
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude[:CURRent]?
on page 375
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude:MINimum? on page 375
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude:MAXimum? on page 375
HARMonic:RESult<m>:HARMonics<n>:PHASe? on page 375
HARMonic:RESult<m>:HARMonics<n>[:FREQuency]? on page 376

6.3.3 Performing a Harmonic Measurement

1. Select the "Harmonic" mode.

2. To adjust the instrument settings to the current input signal automatically, press
[AUTOSET].
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The [AUTOSET] function detects the fundamental frequency in the signal automati-
cally if it lies between 10 Hz and 1 kHz. If none of the predefined values (50 Hz,
60 Hz, 400 Hz) fit, a "User" value is set.

3. Alternatively to the [AUTOSET] function, define the "Fundamental Frequency"
manually. Select "User" and enter the frequency.

4. If a"Clipping" message is displayed next to the channel indicator in the numeric
result area of the screen, the signal is not entirely within the defined measurement
range. Use the [AUTOSET] key or the [RANGE] keys to correct the range.

5. To perform a limit check, do one of the following for the "Limits" setting:

e To check the limits specified by the standard, select "EN50160".
e To configure user-specified limits in a file, select "User" and open the . csv file.

6. To restrict the number of harmonics to be displayed in the bargraph, use the "Dis-
play Selection" setting.
Select a predefined selection, or define the number in the "Max No Harmonics"
field.

7. To display the results for a specific harmonic, select the number below the bar in
the graph.

8. To calculate the average results over several measurements, select "Average" and
define the number of results to consider.

9. To clear the result data used for statistical evaluation and start a new measure-
ment, select "Clear Results".

To save the results to a file

1. Press the [FILE] key.

2. Select "Harmonics".

3. Check the "Harmonic Directory" and the "Filename Base". Adjust if necessary.

4. Select "Save".

For details on the format of the result file, see Chapter 6.3.6.2, "Export File Format for

Harmonic Results", on page 142.

Harmonic Mode Settings

Access: "Harmonic" menu

(0] 5 1 o P OO 138
LS o= = 138
I |0 Y/ 1= T USRS 138
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Fundamental Frequency, ValUe..........uueeiiiiiiii e 138
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[T 01 (S o Y=o =Y I o1 L= TR 139
1 0= o RS 139
Display Harmonics, Max NO HarmoniCS.......cc.ouiiiiiiiiiiiiie e 140
=Y = o = R 140
[CH <n>]

Selects the channel for which the captured data is analyzed in "Harmonic" mode. Har-
monic measurements can be performed on all channels simultaneously. The results
are indicated by different colored bars and numbers, corresponding to the channel but-
ton color.

Remote command:
CHANnel<m>:STATe on page 299

Scale

Switches the scale for the measured harmonic levels between logarithmic (dB) and lin-
ear (percent). The values are relative to the level measured for the fundamental fre-
quency.

Remote command:
HARMonic:SCALe on page 370

THD Type

Switches between different calculation methods for the total harmonic distortion.

"THDg" The RMS amplitude (voltage or current) of the harmonics relative to
the RMS amplitude of the fundamental component

"THDR" The RMS amplitude of the harmonics relative to the RMS amplitude

of the input signal

Remote command:
HARMonic:THDType on page 371

Statistic

By default, the numeric results indicate the currently measured values. Optionally, you
can switch to the minimum or maximum values. Which value is calculated is indicated
in the result display (see "(9) Result type for numeric results" on page 134).

Note: The bargraph always displays both the current and the maximum values.

Remote command:
HARMonic:STATistic on page 370

Clear Results
Clears the results for previous acquisitions used in statistical evaluation (see "Statistic"
on page 138 and "Average" on page 140).

Remote command:
HARMonic:CLEar on page 367

Fundamental Frequency, Value
Defines the basis of the harmonics measurement. Harmonics are determined as multi-
ples of this frequency.

For a user-defined frequency, select "User" and enter the "Value".
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If the specified frequency +10 % is not detected in the signal, the measurement is inva-
lid. An "F" is displayed as an error indicator.

Remote command:

HARMonic:FUNDamental: TYPE on page 368
HARMonic:FUNDamental : USER on page 369
HARMonic:RESult<m>:FRQOMissing? on page 372

Limits, Loaded File

Defines for which harmonics a limit check is to be performed. If a limit check is activa-
ted and the specified limit is exceeded for a harmonic, the background of the harmonic
is highlighted red in the graphic. In addition, an "L" is displayed as an error indicator.
"Limit!" is indicated during the acquisition in which the violation occurs.

If the number of harmonics to be analyzed is restricted by a standard or a user-defined
file, only the results for those harmonics can be displayed or exported (see also "Dis-
play Harmonics, Max No Harmonics" on page 140).

"None" No limit check is performed. All 64 harmonics can be displayed and
exported.
"EN50160" Limits are checked according to the predefined values in the

EN50160 standard. Only specific harmonics are selected for analysis.

"User" Limits are checked according to the values in a user-defined file. For
details on the required file format, see Chapter 6.3.6.1, "Limit File
Format", on page 141.

If a user-defined limit file is loaded for harmonics measurement, only
the results for the specified harmonics are calculated, displayed, and
exported. A limit check is performed only for those harmonics for
which a limit value is defined.

If "User" is selected, the "Loaded File" field indicates the currently loa-
ded file.

Select the file that contains the user-defined limits using the Open
function.

Remote command:
HARMonic:LIMits:TYPE on page 370

Open
Opens a user-defined file that contains the selection of harmonics and, optionally, the
limits for individual harmonics.

The "Loaded File" field indicates the currently loaded file.
Note that this setting is only available if Limits is set to "User".

Remote command:

HARMonic:LIMits:NAME on page 369
HARMonic:LIMits:LOAD on page 369
HARMonic:RESult<m>:NOHarmonics? on page 377
HARMonic:FUNDamental : CURRent? on page 369
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6.3.5

Display Harmonics, Max No Harmonics

Determines the number of harmonics to be displayed in the bargraph. Up to 64 har-
monics can be displayed. By decreasing the number of harmonics, the bargraph
becomes easier to analyze.

Note that this setting only affects the graphical result display. It has no effect on the
measurement results or the selection of harmonics for which results are provided dur-
ing a file export (manually or via remote command). For that purpose, see Limits.

Harmonics that were previously eliminated by the Limits setting cannot be displayed.

To restrict the number of harmonics to display, select a predefined selection, or "User"
and enter the "Max No Harmonics". All harmonics of an order smaller than or equal to
the specified value (and selected for analysis) are displayed.

Remote command:

HARMonic:DISPlay:TYPE on page 367
HARMonic:DISPlay:USER on page 368
HARMonic:RESult<m>:NOHarmonics? on page 377

Average
Determines the number of acquisitions for which the results are averaged. By default,
no averaging is performed.

Note that invalid measurements (for example due to clipping or a missing fundamental
frequency) are not considered for averaging.

To clear the results for previous acquisitions used for averaging, select Clear Results.

Remote command:
HARMonic:AVERage on page 367

Export Harmonic Results to File

Access: [MODE] = "Harmonic" > [FILE] > "Harmonics"

The results of a harmonic measurement can be exported similarly to a waveform (see
also Chapter 12, "Documenting Results", on page 265). The OneTouch functionality is
also available (see Chapter 12.6, "Quick Save with OneTouch", on page 277).

For details on the export file format, see Chapter 6.3.6.2, "Export File Format for Har-
monic Results", on page 142.

™ Save

= Save As...

Harmonic Directory
»-Schwarz\RTHYHarmonic

Filename Base
Harmonic
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6.3.6.1

Harmonics Measurement (Option R&S RTH-K34)

Save, Save As
Save the harmonic results. The functions are available if the instrument is in "Harmon-
ics" mode.

"Save" Saves the file in the defined "Harmonic Directory" using the autonam-
ing pattern.

"Save As" Opens a file explorer where you can select the directory and enter the
filename.

Remote command:
HARMonic:EXPort:SAVE on page 372

Harmonic Directory
Defines the directory where the harmonic results files are stored. If a USB flash drive is
connected, the instrument stores the data to this external device by default.

Remote command:
HARMonic:EXPort:NAME on page 371

Filename Base
Defines the first part of the filename. The complete filename pattern is:

<filename base> <date> <time>.csv.

Remote command:
HARMonic:EXPort:NAME on page 371

File Formats for Harmonic Results and Limits

Limit File Format

The limit file defines which harmonics are of interest for analysis, and optionally, the
limits against which each harmonic is to be tested. If a user-defined limit file is loaded
for harmonics measurement, only the results for the specified harmonics are calcula-
ted, displayed, and exported. A limit check is performed only for those harmonics for
which a limit value is defined.

Sample file

A sample limit file is provided on the instrument:
C:\Users\<user name>\Rohde-Schwarz\RTH\Harmonic\LimitExample.csv

The file format is a comma-separated list (.csv) . At least the following contents must
be included:

Header:
<Device>,Version,<file_version>
Harmonics,Limit[%]

Values:
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<Order of harmonic>, <limit value in % of fundamental>

® Comments introduced by "#" are allowed.

® |[falimitis not provided for a harmonic, the harmonic is displayed and its results
are included in the export, but not in the limit check.

® The fundamental is always displayed and need not be included in the list.

6.3.6.2

Example:

RTH,Version,1.0
Harmonics, Limit[%]
2,10.5

4,0.004

20,3.7

10

13,0.01

3,0.01

Export File Format for Harmonic Results

The harmonic results export file format is similar to a waveform export file; it is also
stored in CSV format. You can convert the comma-separated text to columns (see
Chapter 12.4.3.3, "Converting CSV to Excel Files", on page 276).

The harmonics results file contains some general header data and then a set of result
data for each harmonic. A maximum of 64 results can be provided, but the actual num-
ber of harmonics may be restricted (see "Limits, Loaded File" on page 139). Each set
of data contains the results for a specific harmonic in each input channel.

Table 6-7: Header data (converted to table)

Harmonic Results [Description - not included in file]
Model RTH1004
SerialNumber XXXXX

Firmware Version '1.50'

ID CH1 |CH2 |[CH3 |[CH4 Results for each channel

NbOfResults [n] Number of results included in averaging and statis-
tics operations

RMS Unit Unit used for RMS results

RMS Current RMS of the signal power (

RMS Max Maximum RMS of the signal power

RMS Min Minimum RMS of the signal power

THDf/ THDr [%] Current THD in relation to the RMS amplitude of the

fundamental frequency (THDf) or the total power of
the signal (THDgR)
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THDf/ THDr Max Maximum THD

[%]

THDf/ THDr Min Minimum THD

[%]

Clipping [bool] Clipping occurred during the measurement?

FrequencyMissing Fundamental frequency could not be measured?

[bool]

LimitViolation [bool] A limit was exceeded?

Average Number of acquisitions for which the results are
averaged. By default, no averaging is performed.

Table 6-8: Results for individual harmonics (converted to table data)

Ch1 Ch2..
Har- Limit Freq. Magn. | Magn. | Magn. Phase | Limit Limit Freq. Magn.
monic cur- max min viola- cur-
ID rent tion rent
[n] [%] [Hz] vl vl vl [deg] | [bool] [HZ] vl Y]
1
2




Digital Multimeter (R&S RTH1002)

[/ Multimeter Measurements

71

711

The 4-channel R&S RTH1004 has 4 software-based voltmeters, which can measure in
parallel. For each voltmeter you can select the source and measurement type. See
Voltmeter (R&S RTH1004).

The 2-channel R&S RTH1002 has a hardware-based digital multimeter with two sepa-
rate banana plug inputs for various multimeter measurements. Except for voltages, the
DMM can also measure resistance, capacitance, temperature and more. See Digital
Multimeter (R&S RTH1002).

Digital Multimeter (R&S RTH1002)

The hardware-based digital multimeter features various multimeter measurements.
Except for voltages, the DMM can also measure resistance, capacitance, temperature
and more.

The R&S RTH can run one DMM measurement at a time, the maximum resolution is
10000 counts and 4 digits.

The measurement range can be set automatically or manually. In auto range, the
instrument sets the range so that it can measure and display with maximum accuracy.
Probe settings are not affected, and statistical results are kept when the instrument
adjusts the range automatically. Auto range is available for all voltage and current mea-
surements, and also for resistance, capacitance and frequency measurements.

In "Meter" mode, a separate self-alignment of the meter inputs is available, see Chap-
ter 13.3, "Selfalignment”, on page 281.

All remote commands for configuration and measuring are listed in Chapter 15.7, "Digi-
tal Multimeter (R&S RTH1002)", on page 378.

Connecting Test Leads (R&S RTH1002)

The R&S RTH1002 has an integrated digital multimeter (DMM) and test leads for multi-
meter measurements.

Figure 7-1: Meter inputs to connect test leads
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1. Connect the leads first to the DMM inputs at the top of the instrument, and then to
the DUT.

2. To start meter measurements, press the [DMM] key.

7.1.2 Accessing the Meter Mode

» There are several ways to start the multimeter mode:

e Press the [DMM] key.
% ¥

| oMM
| "REL

e Press the [MODE] key, and select "Meter".

.
MODE |

e To start relative measurements, press the [DMM REL] key.

The multimeter interface is displayed, and the measurement is started immediately.

7.1.3 Display and Control

The multimeter display shows detailed results and setup icons.
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Manual — 'V — 181701

Min - Avg Max

0.0344 v e 0.0354 v= 0.0364 v~

0.0348 vz |

Restart
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9 10 11

Figure 7-2: Display of the digital multimeter

1 = Measurement state. "Manual" or "Auto": running measurement with manual or automatic range. "Hold":
stopped measurement.

= Measurement range

= Test lead connection including polarity

= Minimum value and timestamp

= Average value

= Maximum value and timestamp

= Warning sign, shows up if the measured value is higher than 30 V

= Bargraph displaying the measured value

= Measurement type

10 = Activates or deactivates relative measurement

11 = Restarts the measurement and resets all values

o~NO O WN

©

In meter mode, the keys behave slightly different from scope mode:

® The AUTOSET key toggles the range mode: autoranging and manual range set-
ting.

® The vertical [RANGE] and [POS] keys adjust the measurement range.

® The [MEAS] key opens the "Meter" menu.

® The following keys work as usual: [FILE], E&, [Z1, [PRESET], [MODE], [BACK].

® The [CH] keys switch back to the scope mode.

® All other keys do not work.

7.1.4 Running Multimeter Measurements

1. Connect the test leads to the meter inputs.
2. Select the "Meter" mode.

3. Select the measurement type (no. 9 in Figure 7-2).

User Manual 1326.1578.02 — 12 146



R&S®Scope Rider RTH Multimeter Measurements
I ———————————————————.

4. To set the range mode to autoranging or manual range setup, press [AUTOSET].

5. If you are in manual range mode, adjust the measurement range: Press the
[RANGE] keys.

6. For current and temperature measurements, adjust the "Probe Setting" in the
"Meter" menu.

7. For continuity measurement, adjust the "Resistance Threshold".

8. If you want to get relative result values:

a) Activate "Relative" (no. 10).

b) To set a user-defined reference value, open the "Meter" menu.
c) Activate "Reference".

d) Enter the reference value in "Reference Manual”.

m 9. To stop the meter measurement, press the [RUN STOP] key.

The status "Hold" is displayed on the upper left. Stopping the measurement does
not delete statistical values. The measurement continues when you press [RUN
STOP] again.

7.1.5 Settings

Access: "Meter" menu

keter Type
Continuity Test

teter Type
V AC

Meter Type
AAC
Resistance Threshold

Probe Setting
1V/A

Relative 10

Relative _m

Relative

Reference _m

Restart Test

Reference T

Reference Manual

Reference —ﬂ

Restart Test

ov

Restart Test

Figure 7-3: Digital multimeter settings

Meter Type
Sets the measurement type for the multimeter.
Meter icon "Meter Type" | Description
"V AC" AC voltage measurement
"V DC" DC voltage measurement
Vs "V AC+DC" AC+DC voltage (RMS) measurement
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Meter icon "Meter Type" | Description
"A AC" AC current measurement
"A DC" DC current measurement
"A AC+DC" AC+DC current (RMS) measurement
"Resistance” Resistance measurement

"Continuity Test" | Continuity measurement

BEEEREEEA

"Diode Test" Diode measurement
"Capacitance" Capacity measurement

C "Temperature" Temperature measurement (an adapter is required)
"Frequency" Frequency measurement

Remote command:
METer<m>:SENSe: FUNCtion on page 401

Probe Setting
Sets the sensitivity factor of the current probe for current measurements.

Sets the adapter type for temperature measurements.

Resistance Threshold
This setting is only relevant for continuity measurement. If the measured voltage drops
below the "Resistance Threshold", the instrument beeps.

Relative

Activates or deactivates relative measurement. If you activate this function, the cur-
rently measured value is taken as reference value. Instead of the bargraph, the refer-
ence value and the measured value are displayed. You can also set a desired value as
reference value, see "Reference/Reference Manual" on page 149.

You can also activate or deactivate relative measurement by pressing [DMM REL].

DMM
REL

Reterence {man.) Actual

0.0300 v= 0.0355 v=

Q0 9F Hz Restart

14 ) °C Relative

e
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7.21

Voltmeter (R&S RTH1004)

1 = Reference value
2 = Actual value relative to reference value

Remote command:
Chapter 15.7.3, "Relative Measurements", on page 386...

Reference/Reference Manual
"Reference" activates or deactivates the setting of a manual reference value.

If active, enter the reference value in "Reference Manual".

Restart Test
Restarts the measurement.

[RANGE] / [POS]
In meter mode, the vertical [RANGE] and [POS] keys adjust the DMM measurement
range and reset statistical values.

Remote command:
Chapter 15.7.2, "Measurement Configuration", on page 379

Voltmeter (R&S RTH1004)

The software-based voltmeter features AC, DC, AC+DC voltage measurements. Cur-
rent measurements are also possible if you use a shunt resistor or I/U converter.

The R&S RTH can run four voltmeter measurement in parallel, the maximum resolution
is 999 counts and 3 digits.

All remote commands for configuration and measuring are listed in Chapter 15.8, "Volt-
meter (R&S RTH1004)", on page 394.

Accessing the Meter Mode

1. Press the [MODE] key.

The multimeter interface is displayed.
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7.2.2 Display and Control

The voltmeter display shows all 4 voltmeters at a glance, or only one voltmeter with
details and setup icons.

Manual 141

Min P A

4 Max
00 WE 00 mV = -|-0.'] mV=

00 mV%

;
V. Vo Vx Restart | Relative

100 mV 100 mV

Figure 7-4: One-voltmeter-view

= Measurement state. "Manual": running measurement. "Hold": stopped measurement.
= Probe settings

= Minimum value and timestamp

= Average value

= Maximum value and timestamp

= Warning sign, shows up if the measured value is higher than 30 V

= Bargraph displaying the measured value

= Measurement source (input channel). Selected source is highlighted.
9 = Measurement ranges of active channels

10 = Measurement type (AC, DC or AC+DC). Selected type is highlighted.
11 = Restarts the measurement and resets all values

12 = Activates or deactivates relative measurement

13 = On/Off-Switch to turn selected meter on or off

14 = Displayed voltmeter, indicated by highlighted number

O ~NO O WN =

The buttons at the bottom of the display offer the following quick settings:
® |nput Signal

® Measure Type

® Restart Test

® Relative
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Manual [E 11

Figure 7-5: Four-voltmeter-view

1 = Channel measured by the voltmeter
2 = Bargraph displaying the measured value
3 = Measurement ranges of active channels

In meter mode, the keys behave different from scope mode:

® The vertical [RANGE] and [POS] keys both adjust the measurement range of the
selected channel.

® The [MEAS] key opens the "Meter" menu.
¢ The following keys work as usual: [FILE], &3, 21, [PRESET], [MODE], [BACK].
® All other keys do not work.

% Displaying voltmeters

» To switch to one-voltmeter-view, use one of the following methods:

e Tap the meter number as shown in Figure 7-5.
e Turn the wheel to select a voltmeter, and press the wheel button to open it.

> To view all 4 voltmeters, use one of the following methods:

e Tap the highlighted number of the opened voltmeter as shown in Figure 7-4.
e Press [BACK].

7.2.3 Running Voltmeter Measurements

1. Set up the channels for voltmeter measurements.

a) Select the "Vertical" menu.
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b) Adjust the "Probe Setting" for all measured channels.
See also "Probe Setting" on page 42.

Channel Index
C1 C2 (0] C4

Probe Setting
1:1 v

2. If the 4-voltmeter-view is shown, switch to the one-voltmeter-view.
See "Displaying voltmeters" on page 151.

3. Select the channel to be measured (no. 8 in Figure 7-4).

4. Select the measurement type (no. 10).
|I. 5. Activate the voltmeter (no. 13)

6. To adjust the measurement range, press the [Range] keys.
7

If you want to get relative result values:

a) Activate "Relative" (no. 12).
b) To set a user-defined reference value, open the "Meter" menu.
c) Activate "Reference", and enter the reference value in "Reference Manual".

m 8. To stop the meter measurement, press the [RUN STOP] key.

The status "Hold" is displayed on the upper left. Stopping the measurement does
not delete statistical values. The measurement continues when you press [RUN
STOP] again.

Alternatively, you can select the voltmeter and adjust the meter settings in the "Meter"
menu.

7.2.4 \Voltmeter Settings

Access: "Meter" menu
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Select heter

1 2

Meter 1

Measure Type

AVEE W
Input Signal

o 2 3

Relative n
Reference n

Reference Manual
5mV

Restart Test

Figure 7-6: Voltmeter settings

Select Meter
Selects one of the 4 voltmeters and displays its settings in the menu.

Meter <n>
Switches the selected meter on or off.

Remote command:
METer<m>:SENSe:STATe on page 395

Measure Type
Sets the measurement type for the selected meter.

Note: The AC coupling is activated if the selected channel is only used for AC mea-
surements. If the selected channel is also used for DC or AC+DC measurement, the
AC coupling is deactivated and the AC value is calculated out of the AC+DC and DC
values. The precision of the results is reduced.

Menu icon Meter icon | Description

AC voltage or current measurement

DC voltage or current measurement

0 HE

V AC+DC voltage or current (RMS) measurement
~

Note: An external shunt resistor or I/U converter is needed for current measurement.

Remote command:
METer<m>:SENSe: FUNCtion on page 401



R&S®Scope Rider RTH Multimeter Measurements

Input Signal
Selects the channel which is measured by the selected meter.

Remote command:
METer<m>:SENSe: SOURce on page 395

Relative

Activates or deactivates relative measurement. If you activate this function, the cur-
rently measured value is taken as reference value. Instead of the bargraph, the refer-
ence value and the measured value are displayed (see Figure 7-7). You can also set a
desired value as reference value, see "Reference/Reference Manual" on page 154.

1 2

Reference (man.)

+0.1mV

—_—

& Vo Vo Vz  Restat TReaive’ [V

Figure 7-7: Relative measurement

1 = Reference value
2 = Measured value relative to reference value

Remote command:
Chapter 15.8.3, "Relative Measurements”, on page 399

Reference/Reference Manual
"Reference" activates or deactivates the manual reference value.

If active, enter the reference value in "Reference Manual".

Restart Test
Restarts the measurement and also restarts statistical calculation.

[RANGE] / [POS]
In meter mode, the vertical [RANGE] and [POS] keys adjust the measurement range of
the selected channel.

Remote command:
Chapter 15.8.2, "Measurement Configuration", on page 395
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Logger Display

8 Data Logging

The data logger records scope or meter data captured of up to 4 different measure-
ments. The logging can last up to 23 days. The records are displayed as an on-screen-
chart and can be stored in 10 different slots. Using the "Zoom" and "Cursor" functions,
logged data can be analyzed.

8.1 Accessing the Logger Mode

1. Press the [MODE] key.

MODE 1

2. Select "Logger".

Nl

The logger interface is displayed.
If a scope measurement or meter measurement is running, the logging is started
automatically when you enter the logger mode.

8.2 Logger Display

If you log data of scope measurements, you can log all active measurements at once.
The logger display shows all logs with latest results at a glance, or one log with latest
and statistical results.
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8.3

AC=  3643mV AC= 3741mV a4yl >sloti| Run 47 TR0
] AC= 343mv 4 - AC= 5337mV "
4001 mv

U NN [T LSt 1 P

[ . r! nn . J ! ;‘ |—LII . I 1 urm [ 1 1r1 J_LLG

a

T W01510-09-13:23:22.8 | Started 20151009 -13:23:09,7 Total Time 0d 00:01:02,4

8 7 6 2

Figure 8-1: Logger display, view of all logged scope measurements

1 = Logger channel, each logger channel records one measurement

2 = Latest values of the logged measurements (depends on logging type and measurement type)

3 = Time basis

4 = In run mode (recording): —»Slot <x> is the slot to which data is written. In stop mode: Slot <x> is the
active slot where data has been stored to or loaded from

5 = Recording time

6 = Start time

7 = Upper and lower scaling value of each measurement

8 = Time stamp of the left side of the display

Displaying logged measurements

1. To switch to one-log-view, tap on one of the logged measurements as shown in
Figure 8-1.

2. To view all logs, use one of the following methods, tap the highlighted number of
the open logger channel.

Using the Logger

You can log up to four different scope measurements, or meter measurements (one
with R&S RTH1002, four with R&S RTH1004), or two counter measurements simulta-
neously. Counter measurements require option R&S RTH-K33.
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Using the Logger

8.3.1 Logging Data

Before you start the logging, set up and activate the measurements that you want to
log as described in:

® Chapter 4.2, "Automatic Measurements", on page 79
® Chapter 7, "Multimeter Measurements", on page 144
® Chapter 11, "Frequency Counter (R&S RTH-K33)", on page 256

1. Access the logger mode, see Chapter 8.1, "Accessing the Logger Mode",
on page 155.

2. Select the "Logger" menu.
3. Select the source that you want to log.

4. Select the sample rate.

If you change the source or the sample rate during running acquisition, you are
asked to restart the logging with the new setting. Without logger restart, the source
or sample rate remains unchanged.

5. Select the horizontal scale.
By default, the horizontal scale is set to "auto". In this case, all logged data are
always displayed, and the scaling is adjusted automatically when the amount of
data increases.

6. Select the slot, where the logged data will be stored.
7. Optionally, enter a name for the slot.

8. To start logging, press the [RUN STOP] key.

RUN
STOP

When you stop logging, the logged data is stored automatically in the selected slot.
Each slot stores the data of a single logging period. If you use the slot a second
time, the stored data is overwritten.

8.3.2 Automatic and Manual Scaling

Nomally, the instrument adjusts the vertical scale of the logger data automatically,
using the statistical values. If the automatic scale and position are not optimal due to
outliers in the measurement results, you can adjust the scaling manually. The scaling
mode is shown in one-log-view, in the upper right corner of the screen.
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Max = 1.034V 20170510 1434055 10g/ - Slot 1 Run 43 1311;132;?

Min= 996.1 mV 20170510 1435190 Y- 1011V o= 7.132 mV
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1.01V +36 mV

1.01V-36 mV

Started 2017-05-10 14:34:00,0 Total Time 0d 00:01:31,5

Figure 8-2: One-log-view with highligted scaling mode

» To change the vertical scale and position manually, press the vertical [RANGE] and
[POS] keys.
In both log views (one-log and all-log), the keys affect only the selected channel.

» To return a single logger channel to autoscale:

a) Switch to the one-log-view of the channel.
b) Press [AUTOSET].

» To return a all logger channels to autoscale:

a) Switch to the all-log-view.
b) Press [AUTOSET].

Note that [AUTOSET] sets also the horizontal scaling to "auto".
Remote commands:

® T1,0GGer:AUToset on page 416

® 10GGer:MEASurement<m>:VERTical:AUTO on page 416

® T10GGer:MEASurement<m>:VERTical:UPPer on page 416

® 10GGer:MEASurement<m>:VERTical:LOWer on page 416

® 10GGer:MEASurement<m>:VERTical:DEViation on page 417

® 10GGer:MEASurement<m>:VERTical :MEAN on page 417
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8.3.3 Loading Logged Data

Logged data can be loaded from the slot, in which they were stored.

1. Access the logger mode, see Chapter 8.1, "Accessing the Logger Mode",
on page 155.

Select the "Logger" menu.

If a data logging is running, press [RUN STOP] to stop logging.

Select the slot with the logs that you want to display.

o &~ » N

Tap "Load Slot" to display the stored logs.

8.3.4 Deleting Logged Data
Logs stored on the slots can be deleted individually or all together.

To delete logs of a single slot:
1. Select the slot with the logs which you want to delete.

2. Tap "Clear Slot".

To delete logs on all slots:

» Tap "Clear All Slots".

8.4 Logger Settings

Access: "Logger" menu



R&S®Scope Rider RTH Data Logging

Source
Meter
Sample Rate
1 Sample/s

Horizontal Scale
2 s/div

Slot

Slot 1

Slot Name
Amplitudes

2017-05-10 13:51:16

Load Slot

Clear Slot

Clear All Slots

Source
Selects the logger source: "Scope", "Meter" or "Counter" (with option R&S RTH-K33).

If you change the source during running acquisition, you are asked to restart the log-
ging. Without restart, the source remains unchanged.

Remote command:
LOGGer : SOURce on page 413

Sample Rate
Selects the number of log samples per second.

If you change the sample rate during running acquisition, you are asked to restart the
logging. Without restart, the sample rate remains unchanged.

Remote command:
LOGGer :TIMebase: SRATe on page 413

Horizontal Scale
Selects the horizontal scale of the logged data.

The horizontal scale is set to "auto" by default. In this case, all logged data is always
displayed.

Remote command:
LOGGer : TIMebase: SCALe on page 414

Slot

Selects one of the 10 memory slots for storing the logged data. Data is stored automat-
ically to the selected slot if you stop the acquisition, change source or sample rate, or
press PRESET. You can change the slot during recording.

If data is stored in the slot, the start time of the stored data is displayed in the menu.
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Remote command:
LOGGer :SLOT: CURRent on page 414

Slot Name
Enter an optional slot name to describe the logged data. The maximum length of the
name is 20 characters.

Remote command:
LOGGer : SLOT: SLOT<m>: NAME on page 414

Load Slot
Loads the stored log data of the selected slot.

Only possible while logging is stopped.

Remote command:
LOGGer : SLOT : LOAD on page 415
LOGGer :SLOT: SLOT<m>:HASData? on page 414

Clear Slot
Deletes the log data of the selected slot.

Only possible while logging is stopped.

Remote command:
LOGGer :SLOT:CLEar on page 415

Clear All Slots
Deletes the log data of all slots.

Only possible while logging is stopped.

Remote command:
LOGGer : ACLR on page 415

8.5 Analyzing Logged Data
You can analyze logged data using the "Cursor" and the "Zoom". To analyze logged
data at a later time, the data is stored automatically, and you can load the stored data
to the display.

8.5.1 Cursor

To analyze logged data, you can use cursor measurements, see also Chapter 4.3,
"Cursor Measurements", on page 85.
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Figure 8-3: Logger display with cursors

1 = Values of the crossings between the selected cursor line and the waveform
2 = Cursor lines

3 = Absolute value of the time difference between the cursor lines At = |t1-t2|

4 = Position of the cursor line 2

5 = Position of the cursor line 1

6 = Time stamp of the logged signal on the left side of the display

To select one of the two cursor lines, tap a cursor line, or use the wheel to navigate
and select. The selected line is highlighted by a bold line.

Remote commands for cursor results:

® 10GGer:CURSor<m>:RESult<n>[:AMPLitude]? on page 419
® T10GGer:CURSor:RESult<n>:DELTa? on page 419

® T1,0GGer:CURSor<m>:POSition on page 420

® 10GGer:CURSor:TDELta? on page 420

The logger cursor only allows you to set a "Cursor Value". The cursor settings "Type"
and "Source" are not relevant for logging, and thus not available

Description of settings

Access: "Cursor" menu
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Enabled n-

Cursor Value

Average

Track scaling

Coupling -ﬂ

Set to screen

Figure 8-4: Cursor settings

Enable
Enables or disables the cursor measurement.

Remote command:
LOGGer:CURSor [ : STATe] on page 418

Cursor Value

Sets the measured crossing point between the cursor lines and the waveform, see Fig-
ure 8-5. These settings only apply if data logging is running for more than 2 days and 7
hours. After this time, the logger compresses 4 logging values into a "Minimum", "Aver-
age" and "Maximum" value.

1M9.7wv 40 sf = Slot 9
13550V %= 91.73uV o=

1
]
]
|
]
]
]
x
]
|
|
|
1
I
|
1
|
]
]
I
|
1

2y & 105/

T 2015-10-22-09:38:01,1  t1= 2015-10-22-09:38:56,6  t2= 2015-10-22-09:39:54,7 At = Od 00:00:58,1 \/

Figure 8-5: Logger cursor with summarized data

1 = Maximum value of cursor line 1
2 = Maximum value of cursor line 2

Remote command:
LOGGer : CURSor : TYPE on page 418
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Track scaling
If enabled, the position of the cursor lines is adjusted if the scale is changed. The cur-
sor lines keep their relative position to the waveform.

If disabled, the cursor lines remain on their position on the display if the scaling is
changed.

Remote command:
LOGGer :CURSor : SCPLing on page 418

Coupling
Couples the cursor lines so that the distance between the two lines remains the same
if one cursor is moved.

Remote command:
LOGGer :CURSor : COUPLling on page 419

Set to screen
Sets the cursors to a default position on the screen. This is helpful if the cursors have
disappeared from the display or need to be moved for a larger distance.

Remote command:
LOGGer :CURSor : SCReen on page 419

8.5.2 Zoom

To analyze logged data, you can use the "Zoom" function, see also Chapter 4.1,
"Zoom", on page 77.

6 The zoom is only available if enough data have been logged.

The zoom settings in logger mode are the same as in scope mode, but the time range
is much longer.

If data logging is running for more than 2 days and 7 hours, the logger compresses 4
logging values into a minimum, average and maximum value, see Figure 8-6.
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yl= 9478 mV yl= 9%28mV 44/ Slot 3 Stop
yl= 1.047V yl= 950.0 mV
I 1

Figure 8-6: Logger zoom with summarized data
1 = Maximum values

2 = Average values

3 = Minimum values

E' Description of settings

Access: "Zoom" menu

Enabled n-

Horizontal Scale
1 s/div

Position Time
13: 33: 46 _

Position Date
2015 / 10/

Figure 8-7: Zoom settings

Enable
Turns the zoom on or off.

Remote command:
LOGGer : ZOOM: ENABle on page 420

Horizontal Scale

Sets the horizontal scale of the horizontal axis for all logged signals, in seconds per
division.

Remote command:

LOGGer : ZOOM: SCALe on page 421

Position, Position Date
Sets the position of the zoomed area in relation to the left side of the display.
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Export of Logger Records

Remote command:
LOGGer : ZOOM: POSition on page 421

Logger Statistics

Figure 8-8: Logger statistics

1 = Measurement results; display depends on the logger mode and the selected measurement
2 = Mean value statistic
3 = Standard deviation statistic

Statistics are only shown if a single log is displayed.

8.6

Remote commands for logger statistics:

® T0GGer:RECording:STARt? on page 421

® 10GGer:RECording:TOTal? on page 422

® 10GGer:MEASurement<m>:RESult:CURRentsampl? on page 422

® 10GGer:MEASurement<m>:RESult:MAXimum:POSition? on page 422
® 10GGer:MEASurement<m>:RESult:MAXimum:VALue? on page 422

® 10GGer:MEASurement<m>:RESult:MINimum:POSition? on page 423
® 10GGer:MEASurement<m>:RESult:MINimum:VALue? on page 423

® [0GGer:MEASurement<m>:RESult:MEAN? on page 423

® 10GGer:MEASurement<m>:RESult:STDDev? on page 423

® 10GGer:MEASurement<m>:ENABled? on page 424

® 10GGer:MEASurement<m>:TYPE? on page 424

® 10GGer:MEASurement<m>:SOURce? on page 424

Export of Logger Records

Export means to save a logger record (slot) to a CSV or MAT file for further analysis.
Export is only possible if the instrument is in "Logger" mode. The instrument always
saves the data of the last saved slot, you cannot select the slot to be stored.

You can also save the data of the measured waveforms when you are in logger mode.
The waveform data has no time correlation to the logger data. For details of waveform
export, see Chapter 12.4, "Waveforms", on page 270.
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1. If data logging is running, press [RUN/STOP] to stop the logging. The logged data
is saved automatically to the slot.

Press the [FILE] key.
Tap "Logger Records".
Tap "Export As".

o >~ oDn

Select the "File Type", enter the "File Name", and change the folder if necessary.
If a USB flash drive is attached, the file is stored there. Otherwise, the file is stored
in the Export folder on the microSD card.

6. Tap "Save".

The data of the last used slot is saved.

Remote commands:
® 10GGer:SLOT:EXPort:NAME on page 425
® 1,0GGer:SLOT:EXPort:SAVE on page 425

8.6.1 Logger Records in MATLAB

To analyze logger records in MATLAB, save the logger data in a MAT file. When you
load tha file in MATLAB, you see the following structure:

Editor - si_pulse.m A Variables - logger

E l logger Sﬁl logger.measurement 3‘%’1 logger.measurement(l).values 3&1

130 struct with 5 fields

Field = Value

= start_time '08-Jun-2016 01:11:28 400"
ﬁ stop_time '08-Jun-2016 01:17:31 100"
s sampling_rate_in_Hz 10

- samples_per_value 1
| measurement et struct

The "logger" structure contains a substructure "measurement":

= | logger X|W|ﬂ logger.measurement(l) values ¢ |

logger.measurement
Fields type L[5 values  HH unit Htotal min value [:d total min value time [Htotal max value [:d total max value time [Htotal svg value [ standard deviation
1 [Power Factor(C1,c2)' |3610:d single i 0'08-Jun-2016 01:15:47 500° 0'08-Jun-2016 01:15:47.900° 0.0304 0.0046
2 i i i 0/'08-Jun-2016 01:11:28.400' 0 '08-Jun-2016 01:11:28.400° 0 0
3 o [n i 0'08-Jun-2016 01:11:28.400° 0 '08-Jun-2016 01:11:28.400° 0 0
4 o [n i 0'08-Jun-2016 01:11:28.400° 0 '08-Jun-2016 01:11:28.400° 0 0

The "measurement” structure contains the values:
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J logger Eﬁl logger.measurement H“ Iﬂ-gger.measurementﬂj.uralues| H

logger.measurement(l).values

1 2 3 4 5 i
1
2 Mah
3 Mah
4 Mal
5 0.0397
b 0.0397
7 0.0397
8 0.0397
9 0.03%6
10 0.0396
11 0.03985
12 0.0396
13 0.0398
14 0.0398
15 0.0398
16 0.0398
17 0.0398
18 0.0398
19 0.0398

Required attributes are described in Chapter 8.6.3, "Attributes in Exported Logger
Records", on page 169.

Except for MATLAB, the open source software "Octave" can also read the exported
MAT files. "Octave" seeks for compatibility of commands with MATLAB.

8.6.2 Logger Records in CSV Files

Logger data is saved in two CSV files. One file contains the data values and is indica-
ted by *Wfm.* in the file name. The second file contains the header data, which is
required for data analysis.

Example:

logger.wfm.csv

logger.csv

logger.wfm.csv contains the recorded data values. 1ogger . csv contains the
header data, the attributes that are required to interprete the data values.

The header file lists the attribute names and values, one attribute per row.
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RecordedSource:Scope:

ActivelLoggerChannels:1:

The header file lists many attributes but you need only some of them. In the following
figure, required attributes are marked, and most of surplus attributes are hidden. Some
attributes are given for each logger channel (measurement type, unit, statistical data).
The attributes of a logger channel start with ArrayItem: Index.

LoggerAttributes:
RecordedSource: Scope:
ActiveLoggerChannels: 1 |
YerticalRange: Mediurm:
YerticalMotation: Auto:

SampleRate:1 Sample/s: |
SampleRateAsNum:1:
SamplesPervalue:

9 |StantTime:2016,03,08,15 58,010
10 |StartTirmeAsMum: 1473343051000
11 |StopTime:2016,09,08,15,58 42 0:
32 LoggerChannel:

33 |Activelndesx:0:

34 | Arrayltern:index:0

35 |Enabled:On:

41 | TimeOfin:2016,09 08,15 58 12 0:
42 [Minirmum:0.055108962178:

44 TimeOfMax2016,09,05,15 58 04,0:
45 [Maximurm:0.099266834557

46 | Awerage:0 093667144775

47 | StdDeviation:0.000287987 496:

64 [MeasUnitAsStry:

63 |MeasTypeisStriAmplitude(C1):
80 | Arrayltern:inde:

81 |Enabled: Off:

0~ 0 Mo k)=

Logger channel 1

Logger
channel 2

g2

Required attributes are described in Chapter 8.6.3, "Attributes in Exported Logger
Records", on page 169.

8.6.3 Attributes in Exported Logger Records

The following attributes are required to interprete the exported data values.

MATLAB csv Description
ActiveLoggerChan- | Number of logger channels that recorded
nels data
start_time StartTime Absolute start time of the logger record
stop_time StopTime Absolute end time of the logger record
sampling_rate_in_Hz SampleRate or Number of log samples per second

SampleRateAsNum
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MATLAB

csv

Description

samples_per_value

SamplesPerValue

Compression factor. If data logging is run-
ning for more than 2 days and 7 hours,
the logger compresses subsequent log-
ging values into a "Minimum", "Average"
and "Maximum" value. SamplesPerValue
= 4 means that four values are summar-
ized.

measurement(m)

Arrayltem:Index

Logger channel (1, 2, 3, or 4)
In CSV: Logger channel = Index + 1

Enabled Status of the logger channel: on or off
measurement(m).type MeasTypeAsStr Type of the logged measurement
measurement(m).unit MeasUnitAsStr Unit of the logged measurement
measurement(m).total_min_value Minimum Lowest value of the logged data
measurement(m).total_min_value_time | TimeOfMin Time when the minimum was measured
measurement(m).total_max_value Maximum Highest value of the logged data
measurement(m).total_max_value_time | TimeOfMax Time when the maximum was measured
measurement(m).total_avg_value Average Average value of the logged data
measurement(m).standard_deviation StdDeviation Standard deviation of the logged data
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9 Protocol Analysis

Using the R&S RTH and additional options, you can analyze the following serial proto-
cols:

® Serial Peripheral Interface (SPI) - requires option R&S RTH-K1

® |nter-Integrated circuit bus (I>C) - requires option R&S RTH-K1

® UART/RS-232/ RS-422 | RS-485 interfaces - require option R&S RTH-K2
® Controller Area Network (CAN) - requires option R&S RTH-K3

® CAN with flexible data rate (CAN FD) - requires option R&S RTH-K9

® | ocal Interconnect Network (LIN) - requires option R&S RTH-K3

® Single Edge Nibble Transmission (SENT) - requires option R&S RTH-K10

The analysis of serial data consists of three main steps:

® Protocol configuration:
Select the protocol type, and configure the input line as well as the protocol-spe-
cific settings.

® Decoding:
Select the display format of the decoded data. The digitized signal data is dis-
played on the screen together with the decoded content of the messages in combs.
You can scale the signal display and zoom into it to see it in more detail.
You can list the decoded results in tabular form in the "Protocol" mode, and display
selected frames.

® Triggering:
You can trigger on various events that are typical for the configured bus type, for
example, on start and stop of messages, or on data patterns.

Analysis is performed on analog input channels. The instrument uses the threshold to
convert the analog signal into a logic signal. If MSO option R&S RTH-B1 is installed,
you can also analyze logic channels.

9.1 Basics of Protocol Analysis

This chapter explains in general:

® Configuration of serial bus signals for decoding,

® Display of decoded data and their usage for analysis,
® Usage of symbolic address names (label lists).

9.1.1 General Protocol Settings

Access: "Bus" menu
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Figure 9-1: Bus menu. Left: for protocols without address (SPI, UART). Right: for protocols with
address or identifier (I°C, CAN, LIN, SENT)

For all serial protocols, the following settings are required:

State
Enables the decoding and the display of the serial bus data.

Remote command:
BUS[:STATe] on page 426

Bus Protocol
Defines protocol type of the bus for configuration and trigger settings.

Remote command:
BUS:TYPE on page 426

Display Format

Sets the decoding format of data values: binary, hexadecimal, decimal, octal, or ASCII.
The format is used in comb display and in the protocol table. Address values are
always hex values.

Remote command:
BUS:FORMat on page 426

e
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Display Labels
Activates the last loaded label list and shows the label in the decoding results (comb
display and protocol table).

Symbolic Decode — Display Labels
Only available for CAN protocols if DBC file is loaded.

If disabled, only the message names are shown in the comb display of the decoded
data. If enabled, the signal labels are shown in addition.

Load Label List
Selects and loads a label list file.

Label lists are protocol-specific. Their contents are described in the corresponding pro-
tocol chapters:

® Chapter 9.2.4, "I°C Label List", on page 185

® Chapter 9.5.4, "CAN Label List", on page 213

® Chapter 9.6.4, "LIN Label List", on page 223

® Chapter 9.7.4, "SENT Label List", on page 237

Show Label List
Shows the content of the label list file in a window.

Remove Label List
Disables the loaded label list.

9.1.2 Decode Results

When the configuration of the serial bus is complete, the instrument can decode the
signal. The decode results are displayed in two ways:

® |n "Scope" mode, the bus signal is shown as combs, together with the time-correla-
ted input signals. The combs show the address and data values.

® |n "Protocol" mode, detailed results are listed in a table. The table provides data
values and time information of the frames or words.

9.1.21 Decoded Signal in Scope Mode

To decode the serial bus

» In the "Bus" menu, enable "State".

The bus signal is shown in a comb display. The colors of the combs are protocol-
specific and described in the "Decode Results" chapters of the protocol description.

Jata: 0630ABCDh_| [ R:03B1C002h _ Data:0A2h | E — Data:01238ABch ~_|[@]  D:18ch
DRI | @S | @1 ST 0 e

Figure 9-2: Comb display of a decoded CAN signal
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To adjust the scaling of the decoded bus signal in scope mode

1. The horizontal size of the combs is defined by the horizontal time scale, which is
the same for input signals and the bus signal. Press the [TIME] keys to change the
time scale.

2. The vertical size is specific for the bus signal.
a) Tap the bus signal to set the focus.
b) Press the [RANGE] keys.

¢ Cock[§ Data[] sops/ T'CEMNom  Stop 4] *uces

& 500 v/ oc & 500 myoc & I

Figure 9-3: Decoded 12C signal in scope mode, Display Format for data is decimal

9.1.2.2 Decoded Signal in Protocol Mode
In "Protocol" mode, you see the results in a table, and the signal combs below the
table. Each table row contains the information of one frame.

All menus that are relevant for protocol analysis are available, in particular, the "Bus"
and "Trigger" menus. Thus, you can adjust the settings without changing the mode. In
addition, a "Protocol" menu is available.

1. Press the [MODE] key.

2. Select the "Protocol" mode.

The result table is shown. The contents is protocol-specific and described in the
"Decode Results" chapters of the protocol description.

3. To show the complete frame information, tap the row.

A window with values and time data of the selected row opens.

s
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PC  Clock[§] Dpata[e] 100ps/ T°CHEM Auto  Stop 4| 25%%

Frame Index 417 x
Start Time +363 s
Address [hex] 2A
R/W Bit Read
Bytes 4
State Ok

Offset Values: 8 bit [hex]

0 EB 56 DB B7

2Ah| Address [R]: 2Ah Address (W): 3A2h

o T @ IRl I

Figure 9-4: Decoded I2C signal, details of frame no. 4

4. To close the frame window, tap the "Close" icon in the upper right corner of the win-
dow.

5. To synchronize the selected row with the comb display:

a) Open the "Protocol"” menu.
b) Enable "Track in Table".
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PC  Clock[&] Dpata[¥] 100 ps/ I°C I Autc

Frame Address Values
Start [hex] R/W 8 bit [hex]

+13.0 ns 1E Write 2 17FD

+127 s 38  Read 3 5BE4C82

+293 s A Write 1 5E
ll-ll

+567 us Undef. 0

+625pus 3A2 Write 4 A4A255F1
+856 s 16 Write 0

W: 28h| Address (R): 2&h : Address (W): 3A2h :

c I Il © I

Figure 9-5: Decoded I2C signal with active Track in Table, and reference point set to the left.

6. To see the comb of the selected frame in more detail, enable "Zoom Coupling" in
the "Protocol" menu.
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PC  Clock[&] Dpata[¥] 100 ps/ I°C I Autc

Frame Address Values
# Start [hex] R/W  # 8 bit [hex]
1 +13.0 ns 1E Write 2 17FD
2 +127.3 s 38 Read 3 5E 4C 82
3 +293.0 ps A Write 1
n-n
+567.0 s Undef. 0
+624.6 us  3A2 Write 4  A4A255F1
+856.3 s 16 Write 0

: . Address R:;Ah
4 Addr:2ah i Data:EBh i Data:56h { Data:DBh
ey 17.7 us
Q) lla";

c I Il © I

Figure 9-6: Decoded 12C signal, zoom into selected frame

9.1.2.3 Settings in the Protocol Menu

Access: "Protocol" menu

Track in Table 1

Zoom Coupling ﬂ

Track in Table
Sets the start of the selected frame (selected row) to the reference point.

Zoom Coupling
The setting is only available if "Track in Table" is active. It shows the comb of the
selected frame on full width of the screen. The resulting zoom time scale is shown

below the comb.

e
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9.1.3 Label Lists

9.1.3.1

For all protocols using ID or address identification, it is possible to create label lists
containing addresses or IDs, a symbolic name for each node (symbolic label), and
some protocol-specific information.

You can load label lists, and activate its usage for decoding. As a result, an additional
"Label" column appears in the "Decode results" table, containing the symbolic label.
The frame captions of the decoded signal show the symbolic label instead of the ID or
address values. Hence it is easy to identify the messages of the different bus nodes.

You can also use the label list to trigger on an identifier or address. Instead of entering
the value, you select the name, which is defined in the label list.

Available file formats are PTT, CSV, and DBC (CAN only).

Label lists are protocol-specific. Their contents are described in the corresponding pro-
tocol chapters:

® Chapter 9.2.4, "I>C Label List", on page 185

® (Chapter 9.5.4, "CAN Label List", on page 213
® Chapter 9.6.4, "LIN Label List", on page 223

® Chapter 9.7.4, "SENT Label List", on page 237

Using Label Lists

To load a label list and display the labels:

1. Save the label list file on a USB flash drive, or on the microSD card.
Press and hold the [BUS] key until the menu opens.

Configure the protocol.

In the "Bus" menu, tap "Load Label List".

Navigate to the label list file, select it, and tap "Select".

To read the label list, tap "Show Label List".

N o o BN

To use the labels in the display of the decoded data, tap "Display Labels".

To trigger on an identifier or address using the label:

Prerequisites: The bus is configured, decoding is enabled, and a decoded signal is visi-
ble.

1. Open the "Trigger" menu.
2. Set the following trigger settings:

"Trigger Mode" = "Normal”

"Trigger Type" = "Bus"

"<Protocol> Trigger" = "Identifier", or "ldentifier + Data", or "Address", or
"Address and Data".
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3. Tap "ldentifier from Label" or "Address from Label".

4. Select the label. Tap "Back".

If the selected identifier or address is available in the acquired data, its value is
shown in the menu, and the instrument triggers on it.

9.1.3.2 Content and Format of the PTT File

Label lists are stored as PTT (protocol translation table) files. The PTT file format is an
extension of the CSV format (comma-separated values). You can edit it with standard
editors, for example, with MS Excel or a text editor.

The PTT file has three types of lines:

® Comment lines begin with a hash character #. A hash character at any other posi-
tion in the line is treated like a standard character.

® Command lines begin with a commercial at character @. An @ character at any
other position in the line is treated like a standard character.

® Standard lines are the lines that not qualify as comment or command lines. They
build the core of the label list.

Command lines

Command lines define the version of the PTT file and the protocol name:

® @FILE_VERSION: must appear exactly once in the file

® @PROTOCOL_NAME: must appear at least once in the file. Thus, one file can
contain several label lists for different protocols.

# --- Start of PTT file
@FILE VERSION = 1.0
@PROTOCOL NAME = 1i2c
[... Label list for I2C]
@PROTOCOL_NAME = can
[... Label 1list for CAN]
# --- End of PTT file

Standard lines

Standard lines define the contents of the label list. The rules for standard lines follow
the csv convention, they are:

® \Values are separated by commas

® Space characters following a delimiter are ignored

® Values with a special character (comma, newline, or double quote) must be
enclosed in double quotes

® Text in double quotes must be escaped by double quote characters

The format of the numeric value is indicated by a suffix. The following formats are sup-
ported:
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Format Suffix Example
Decimal <empty> 106, DeviceName
d 106d, DeviceName
Hexadecimal h 6Ah, DeviceName
or prefix: 0x6A, DeviceName
Octal o) 1520, DeviceName
Binary b 01101010b, DeviceName

The maximum supported word size for (unsigned) integers is 64 bits.

# --- Start of PTT file
@FILE VERSION 1.0
@PROTOCOL NAME = i2c

# Following two lines are equal:

7,01h, Temperature

7,01lh, Temperature

# A comma must be enclosed in double quotes:
7,01h, "Temperature, Pressure, and Volume"

# A double quote must also be enclosed in double quotes:
7,7Fh, "Highspeed ""Master"" 01"

# Following lines yield the same result:
7d,0x11, Pressure

7h,11lh, Pressure

0x7,17d, Pressure

7,17,Pressure

9.2 12C (Option R&S RTH-K1)

9.2.1 The I’C Protocol

This chapter provides an overview of protocol characteristics, data format, address
types and trigger possibilities. For detailed information, read the "I2C-bus specification
and user manual” available on the NXP manuals web page at http://www.nxp.com/.

I2C characteristics

Main characteristics of I?C are:
® Two-wire design: serial clock (SCL) and serial data (SDA) lines

® Master-slave communication: the master generates the clock and addresses the
slaves. Slaves receive the address and the clock. Both master and slaves can
transmit and receive data.


http://www.nxp.com/
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® Addressing scheme: each slave device is addressable by a unique address. Multi-
ple slave devices can be linked together and can be addressed by the same mas-
ter.

® Read/write bit: specifies if the master reads (=1) or writes (=0) the data.
® Acknowledge: takes place after every byte. The receiver of the address or data
sends the acknowledge bit to the transmitter.

The R&S RTH supports all operating speed modes: high-speed, fast mode plus, fast
mode, and standard mode.

Data transfer

The format of a simple I°C message (frame) with 7-bit addressing consists of the fol-
lowing parts:

e Start condition: a falling slope on SDA while SCL is high

® 7-bit address of the slave device that either is written to or read from

® R/W bit: specifies if the data is written to or read from the slave

® ACKnowledge bits: is issued by the receiver of the previous byte if the transfer was
successful
Exception: At read access, the master terminates the data transmission with a
NACK bit after the last byte.

e Data: several data bytes with an ACK bit after every byte
® Stop condition: a rising slope on SDA while SCL is high

s | P
L0 Il | | I I |1 Il -]
START ADDRESS RAN ACK DATA ACK DATA ACK STOP
condition byte byte condition
| ]

Frame

Figure 9-7: 12C writes access with 7-bit address

Address types: 7-bit and 10-bit

Slave addresses can be 7 bits or 10 bits long. A 7-bit address requires 1 byte, 7 bits for
the address followed by the R/W bit.

A 10-bit address for write access requires 2 bytes: the first byte starts with the reserved
sequence 11110, followed by the two MSB of the address and the write bit. The second
byte contains the remaining 8 LSB of the address. The slave acknowledges each
address byte.
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SLAVE ADDRESS SLAVE ADDRESS
ist 7BITS | VW[A ond BYTE |2

1T1110X X 1]
reserved MSB write

DATA| A

—

Figure 9-8: 10-bit address, write access

A 10-bit address for read access requires 3 bytes. The first 2 bytes are identical to the
write access address. The third byte repeats the address bits of the first byte and sets

the read bit.
SLAVE ADDRESS SLAVE ADDRESS SLAVE ADDRESS T
= st 78ms VWA ong ByTE  [AZ(ST| qst7BITs VW) AS|DATA| A
11110XX 0 repeated 11110 X X 1
reserved MSEB write LSB Start reserved MSB read

Figure 9-9: 10-bit address, read access

Trigger

The R&S RTH can trigger on various parts of I?°C messages. The data and clock lines
must be connected to the input channels, triggering on math and reference waveforms
is not possible.

You can trigger on:

® Start or stop condition

® Repeated start condition

® Transfer direction (read or write)

® Bytes with missing acknowledge bit

® Specific slave address

® Specific data pattern in the message

9.2.2 12C Configuration Settings

Access: "Bus" menu > "Bus Protocol" = "|2C" > "Config"

Source Thresholds

1 v

Technology

User

Find Level
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SCL, SDA
Set the input source of the data line (SDA) and clock line (SCL).

If option R&S RTH-B1 is installed, digital channels can also be used as source.

Remote command:
BUS:I2C:SCL:SOURce on page 427
BUS:I2C:SDA:SOURce on page 427

Thresholds, Technology, Find Level
Sets the threshold value for digitization of signals. If the signal value is higher than the
threshold, the signal state is high. Otherwise, the signal state is considered low.

You can select the threshold voltages for various types of integrated circuits in the
"Technology" list, or set a user-defined value in "Thresholds". You can also let the
instrument set the appropriate threshold using "Find Level".

Changing the thresholds in the bus configuration changes also the thresholds of ana-
log channels in the "Vertical" menu, or the thresholds of logic channels in the "Logic"
menu.

Remote command:

BUS:I2C:TECHnology on page 427
BUS:I2C:SCL:THReshold on page 427
BUS:I2C:SDA:THReshold on page 427
BUS:SETReflevels on page 427
CHANnel<m>:THReshold:FINDlevel on page 304

9.2.3 12C Trigger Settings

Access: "Bus" menu > "Bus Protocol" = "I2C" > "Trigger"

s LU UL

'\‘ Aa'&'rs i?na-f:asl?
DA Pattern :' Pattern :'

Trigger Type
Bus v

12C Trigger

Addressand Data Vv
Address Pattern
[bin]0101110

Address Relation
Unequal

R/W Bit

Either

12C Trigger
Selects the trigger type for I2C analysis.
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"Start" Sets the trigger to the start of the message. The start condition is a
falling edge on SDA while SCL is high. The trigger instant is the fall-
ing edge of the SDA line.

"Restart" Sets the trigger to a restart - when the start condition occurs without
previous stop condition. Restart conditions occur when a master
exchanges multiple messages with a slave without releasing the bus.

"Stop" Sets the trigger to the end of the message. The stop condition is a ris-
ing slope on SDA while SCL is high.

"No Ack (Missing Ack)"
Missing acknowledge bit: the instrument triggers if the data line
remains HIGH during the clock pulse following a transmitted byte.
You can also localize specific missing acknowledge bits by setting the
No Ack (Missing Ack) bits.

"Address"
Sets the trigger to one specific address pattern that is expected. The
trigger time is the falling clock edge of the acknowledge bit after the
address.

"Data"

Sets the trigger to a specified data pattern that is expected.

"Address and Data"
Sets the trigger to a combination of address and data condition.

Remote command:
TRIGger:I2C:MODE on page 428

No Ack (Missing Ack)
Selects which missing acknowledge bits is detected if the trigger type is set to "No Ack
(Missing Ack)".
"Address NACK"
No slave recognizes the address.
"Data Read NACK"
Marks the end of the read process when the master reads data from
the slave. This Nack is sent according to the protocol definition, it is
not an error.

"Data Write NACK"
The addressed slave does not accept the written data.

Remote command:

TRIGger:I2C:ADNack on page 428
TRIGger:I2C:DRNack on page 428
TRIGger:I2C:DWNack on page 428

Address Pattern
Specifies the address pattern to be found, in binary or hex format. Enter the pattern in
MSB first bit order.

See also Chapter 3.6.12.1, "Pattern Definition", on page 70.

Remote command:
TRIGger:I2C:ADDRess on page 429
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Address Relation
Defines how the specified serial address pattern is compared with the acquired signal.
The instrument triggers if the acquired address is equal or unequal the defined pattern.

Remote command:
TRIGger:I2C:ACONdition on page 429

R/W Bit
Toggles the trigger condition between read and write access of the master. Select
"Either" if the transfer direction is not relevant for the trigger condition.

Remote command:
TRIGger:I2C:ACCess on page 429

Data Pattern
Specifies the data pattern to be found on the specified line, in binary or hex format.
Enter the words in MSB first bit order.

See also Chapter 3.6.12.1, "Pattern Definition", on page 70.

Remote command:
TRIGger:I2C:DATA on page 429

Data Relation
Sets how the defined serial data pattern is compared with the acquired signal. The
instrument triggers if the acquired data pattern is equal or unequal the defined pattern.

Remote command:
TRIGger:I2C:DCONdition on page 430

Byte Offset
Sets the number of bytes before the first byte of the data pattern. These bytes are
ignored.

Remote command:
TRIGger:I2C:DPOSition on page 430

9.2.4 I?C Label List

Label lists are protocol-specific. Label lists for I2C are available in CSV and PTT for-
mat.

An I2C label file contains three values for each address:

® Address type, 7-bit or 10-bit long

® Address value

® Symbolic label: name of the address, specifying its function in the bus network.

Example: I12C PTT file

B
@FILE _VERSION = 1.00

@PROTOCOL NAME = i2c

B
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# Labels for I2C protocol

# Column order: Identifier type, Identifier value, Label

7,0x1E,Voltage
7,38h,Pressure

7,2Ah, Temperature

7,16h, Speed
7,118,Acceleration
7,07h,HighSpeed Master 0x3
7,51h, EEPROM

10,3A2h, DeviceSetup

10, 1A3h, GatewayStatus

10, 06Eh, LeftSensor

A Auto Tigd 4 | :_'015433 :
? Help

Label
7 bit [hex]11 Gateway s @ LN UL UL

7 bit [hex]12 Pressure DA -\_Edda'aﬂ
7bit [hex]2A Left brake f&)
7 bit [hex]38 Temperature Math

10 bit [hex]1A3 Right brake <l Config &

10 bit [hex]3A2 Speed _ Fr

Trigger -

Display Format 000

Hexadecimal v

Display Labels r I;I

Display
% Load Label List {p

Figure 9-10: Display of an I°C label list
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C cmt Data [#] sops/ TCHEM Sngl  Stop 4] “loapss

? Help

s TULJUUWN.JUL
IR 1 QU E v
Vertical
Address
Address Pattern
“F =4 [hex|38

Address Relation
Equal v

,
hyi—1¢

{2Ah; V' | Horizontal

«| Address from Label G‘l

Holdoff Mode Zoom
Nff AV PN

o T © IRV & I

Figure 9-11: Trigger on address "Temperature”, value 38 (hex)

9.2.5 I2C Decode Results

This chapter describes the comb display and the decode results table of decoded I2C
buses. Basic information on decoding and display of decode results is given in Chap-
ter 9.1.2, "Decode Results", on page 173.

PC  Cock[&] Data sops/ TCEMNorm  Stop 4] “logess

Address (R): 2Ah

& 500 v/ oc &1 500 my/oc & I

Figure 9-12: Comb display of a decoded I*C signal, triggered on a missing acknowledge bit
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PC  Clock Data
L4

Protocol Analysis

50ps/ I°C IEM Norm Trig'd 4 2012%23

? Help

Zoom

Acauire
A\

& 500 v/ oc & 500 my/oc B[

Figure 9-13: Comb display of a decoded I*C signal, triggered on address 2A (hex)

The color-coding of the various protocol sections and errors simplifies the interpretation

of the visual display.

Table 9-1: Color codes of decoded I°C signals

Color, display element

Description

Green brackets [...]

Start and end of frame

Green frame header

Read frame. Text indicates transfer direction (R = read) and address of the
frame (hex)

Cyan frame header

Write frame. Text indicates transfer direction (W = write) and address of the
frame (hex)

Yellow comb Address

Cyan comb Data bytes

Violet Acknowledge bit

Red Missing acknowledge bit, error in frame, insufficient frame (end of acquisi-

tion before decoding has been completed)

In "Protocol" mode, decoded data is shown in tabular form.
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PC  clock[§ Dpata[®l 100ps/ T'CHEN Auto  Stop 4] 25%%

Frame Address Values
# Start [hex] R/W 8 bit [hex]
1 +13.0ns 1B Write | 2 17D Ok
2 +127 ps 38 Read = 3 5EACS82 Ok
3 +293 ps A Write . 1 5E Ok
| 4 | +363ps  2A Read 4 EBS6DBB7 | Ok
5 +567 ps Undef. 0 Void Frame
6 +625ps 3A2 Write 4 A4A255F1 Ok
7 +856 s 16 Write 0 Addr NAck

State

o T < IRV & I

Figure 9-14: Decoded I*C signal in Protocol mode

Table 9-2: Content of the protocol table for decoded I°C signal

Column Description

# Frame index

Frame Start Time of frame start

Address [hex] Hexadecimal value of the address

Address R/W Value of the R/W bit

Values 8 bit [format] Value of data byte. The data format is selected in the "Bus" menu.

State Overall state of the frame.
"Incomplete” indicates that the frame is not completely contained in the
acquisition. Change the time scale, or move the reference point to the left to
get a longer acquisition.

Remote commands are described in Chapter 15.11.2.3, "I2C Decode Results",
on page 430.

9.3 SPI (Option R&S RTH-K1)

9.3.1 The SPI Protocol

A 4-channel instrument is required for full support of the SPI protocol, or the MSO
option R&S RTH-B1.
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The Serial Peripheral Interface SPI is used for communication with slow peripheral
devices, in particular, for transmission of data streams.

Main characteristics of SPI are:

® Master-slave communication

® No device addressing; The slave is accessed by a chip select, or slave select line.
® No acknowledgement mechanism to confirm receipt of data

® Duplex capability

Most SPI buses have four lines, two data and two control lines:

® Clock line to all slaves (SCLK)

Slave Select or Chip Select line (SS or CS)

® Master data output, slave data input (MOSI or SDI)

® Master data input, slave data output (MISO or SDO)

When the master generates a clock and selects a slave device, data may be transfer-
red in either or both directions simultaneously.

SCLK —————® SCLE
=1l MOS] ———————» MOS] =1l

ilaster MED 4 ﬂED Slave
55 —» 55

Figure 9-15: Simple configuration of SPI bus

The data bits of a message are grouped by following criteria:

® A word contains a number of successive bits. The word length is defined in the pro-
tocol configuration.

® A frame contains a number of successive words, at least one word.

For SPI buses, the R&S RTH provides the following trigger possibilities:
® On frame start

® On frame end

® On a serial pattern at a specified position

9.3.2 SPI Configuration Settings

Access: "Bus" menu > "Bus Protocol" = "SPI" > "Config"
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Source Thresholds
Polarity
() None v Active high
Slope
Clock GIRYY _/ Rising

MOSI

MISO None v

Word Length Bit Order Technology
8 bit Y M5B First Vv User
Frame Timeout

1ms Find Leyel

Source: CS, Clock, MOSI, MISO
Set the input channels of the SPI lines.

If option R&S RTH-B1 is installed, digital channels can also be used as source.

Remote command:

BUS:SPI:SSEL:SOURce on page 437
BUS:SPI:SCLK:SOURce on page 437
BUS:SPI:MISO:SOURce on page 437
BUS:SPI:MOST:SOURce on page 437

Polarity
Selects whether the chip select signal is high active (high = 1) or low active (low = 1).

Remote command:
BUS:SPI:SSEL:POLarity on page 437

Slope
Selects if data are sampled on the rising or falling slope of the clock. The clock slope
marks the begin of a new bit.

Remote command:
BUS:SPT:SCLK:SLOPe on page 437

Thresholds, Technology, Find Level
Sets the threshold value for digitization of signals. If the signal value is higher than the
threshold, the signal state is high. Otherwise, the signal state is considered low.

You can select the threshold voltage on all lines for various types of integrated circuits
in the "Technology" list, or set a user-defined value for each line in "Thresholds". You
can also let the instrument set the appropriate thresholds using "Find Level".

Changing the thresholds in the bus configuration changes also the thresholds of ana-
log channels in the "Vertical" menu, or the thresholds of logic channels in the "Logic"
menu.
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Remote command:

BUS:SPI:TECHnology on page 437
BUS:SPI:SSEL:THReshold on page 438
BUS:SPI:SCLK:THReshold on page 438
BUS:SPT:MISO:THReshold on page 438
BUS:SPI:MOST:THReshold on page 438
BUS:SETReflevels on page 427
CHANnel<m>:THReshold:FINDlevel on page 304

Word Length
Sets the number of bits in a word. The maximum length is 32 bit.

Remote command:
BUS:SPI:WSIZe on page 438

Bit Order

Defines if the data of the words starts with MSB (most significant bit) or LSB (least sig-
nificant bit). The display of the decoded signal considers this setting, results are dis-
played in the specified order.

Remote command:
BUS:SPI:ORDer on page 438

Frame Timeout

Sets the minimum idle time between two data frames. If the time interval between the
data frames is shorter, the words are part of the same frame. Within the timeout, the
data and clock lines are low. A new frame begins when the timeout has expired.

Timeout is only relevant if the bus has no chip select.

Remote command:
BUS:SPI:TIMeout on page 439

9.3.3 SPI Trigger Settings

Access: "Bus" menu > "Bus Protocol" = "SPI" > "Trigger"
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- Bit Offset
o_[ -

dock T 41\
Trigger Type

Bus

SPI Trigger

Data

Datasource

MISO

Pattern

[bin PO 00X
Relation

Equal

Bit Offset

Chip Select

SPI Trigger
Selects the trigger type for SPI analysis.

"Frame Start"  Sets the trigger to the start of the message. If the bus has a CS line,
the frame starts when the chip select signal changes to the active
state. Without CS line, the frame starts when the idle time has
expired.

"Frame End" Sets the trigger to the end of the message. If the bus has a CS line,
the frame ends when the chip select signal changes to the inactive
state. Without CS line, the frame ends when the idle time has expired
after the last clock and no new clock appeared during that time.

"Data" Sets the trigger to a specified bit pattern that is expected on one of
the lines.

Remote command:
TRIGger:SPI:MODE on page 439

Datasource
Selects the line, on which the trigger pattern is expected.

Remote command:
TRIGger:SPI:DSRC on page 439

Pattern
Specifies the data pattern to be found on the specified line, in binary or hex format.
Enter the words in MSB first bit order.

See also Chapter 3.6.12.1, "Pattern Definition", on page 70.

Remote command:
TRIGger:SPI:DATA on page 440
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Relation
Defines how the defined serial data pattern is compared with the acquired signal. The
instrument triggers if the acquired data word is equal or unequal the defined pattern.

Remote command:
TRIGger:SPT:DCONdition on page 440

Bit Offset

Sets the number of bits before the first bit of the pattern. These bits are ignored. The
first bit after CS or timeout is bit 0. For example, with bit offset = 2, bit 0 and bit 1 after
CS are ignored, and the pattern starts with bit 2.

Remote command:
TRIGger:SPI:DPOSition on page 440

Chip Select
Defines if the SPI bus uses a chip select line or not.

Remote command:
BUS:SPI:SSEL:STATe on page 439

9.3.4 SPI Decode Results

This chapter describes the comb display and the decode results table of decoded SPI
buses. Basic information on decoding and display of decode results is given in Chap-
ter 9.1.2, "Decode Results", on page 173.

20160805
2] “isam

sPl ¢s[#] Clock[d] mosl 100ps/ SPTEM Sngl  Stop
h 4

(5 | - [(oion) | [ | [ @D |

[ It H H

B 4

DC

Figure 9-16: Comb display of a decoded SPI signal, triggered on frame start
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el @l cock[§]  mosi 200ps/ SPT M Norm  Stop o s

flock] - ([} 1Rl - (57h]
3 H-H-H [ H ]

o I

Figure 9-17: Comb display of a decoded SPI signal, triggered on data pattern 40 (hex)

The color-coding of the various protocol sections and errors simplifies the interpretation
of the visual display.

Table 9-3: Color codes of decoded SPI signals

Color, display element Description

Green brackets [...] Start and end of frame

Cyan comb Data words

Red Error, or insufficient frame (end of acquisition before decoding has been
completed)

In "Protocol" mode, decoded data is shown in tabular form.

|
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Clock [ mosi[&] 200ps/ SPLEM Auto  Stop 4] 2E%E%e

Frame Values
Start MOSI, 8 bit [hex]
+13.8ns 2440 4A 23

+663ps| 6 0C11EF37BECD Ok
+1.567 ms B8 CO Incomplete

State

v

] loch| [11h] [esh| [37h] [BEn] [coN

o T < IRV & I

Figure 9-18: Decoded SPI signal in Protocol mode

Table 9-4: Content of the protocol table for decoded SPI signal

Column Description

# Frame index

Frame Start Time of frame start

MOSI <x> bit [format] Value of the MOSI data word. The data format is selected in the "Bus"

menu. The column header indicates the selected word length.

MISO <x> bit [format] Value of the MISO data word. The data format is selected in the "Bus"
menu. The column header indicates the selected word length.

State Overall state of the frame.

"Incomplete” indicates that the frame is not completely contained in the
acquisition. Change the time scale, or move the reference point to the left to
get a longer acquisition.

Remote commands are described in Chapter 15.11.3.3, "SP| Decode Results",
on page 440.

9.4 UART/RS-232/RS-422/RS-485 (Option R&S RTH-K2)

9.4.1 UART Interface

The Universal Asynchronous Receiver/Transmitter UART converts words of data into
serial data, and vice versa. It is the base of many serial protocols like of RS-232 and
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RS-422. The UART uses only one line, or two lines for transmitter and receiver. The
R&S RTH can analyze one UART line.

Data transfer

The data is transmitted in words, also referred to as symbols or characters. Each word
consists of a start bit, several data bits, an optional parity bit, and one or more stop
bits. Several words can form a frame, or package. The end of a frame is marked by a
pause between two symbols.

Start | Data0 | Data1 | Data2 | Data3 | Data4 [Data5]|[Data6]|[Data7] [Data8]|[Parity]] Stop

Figure 9-19: Bit order in a UART word (symbol)

® The start bit is a logic 0.
® The stop bits and the idle state are always logic 1.

The UART protocol has no clock for synchronization. The receiver synchronizes by
means of the start and stop bits, and the bit rate that must be known to the receiver.

Trigger

The R&S RTH can trigger on specified parts of UART serial signals:
® Start bit of a word

® Frame start

® Data pattern

® Parity error

e Stop error

® Break

9.4.2 UART Configuration Settings

Access: "Bus" menu > "Bus Protocol" = "UART" > "Config"
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Polarity Threshold
Source  [WIEERAY4 [dle High 1.399¥

Technology

User

Find Level
Bit Rate Predefined Bit Rates

14.4kbps  14.4 kbps v

Data Bits Parity Stop Bits
8 bit None 1 bit

Bit Order Frame Mode Idle Time
#1SB First Vv  None

Source
Selects the input channel to which the UART line is connected.

If option R&S RTH-B1 is installed, digital channels can also be used as source.

Remote command:
BUS:UART:SOURce on page 444

Polarity

Defines the logic states of the line. In idle high state, the idle state corresponds to a
logic 1, and the start bit to a logic 0. In idle low state, the idle state corresponds to a
logic 0, and the start bit to a logic 1. During idle time, no data is transmitted.

Remote command:
BUS:UART:POLarity on page 444

Threshold, Technology, Find Level

Sets the threshold value for digitization of signals. If the signal value is higher than the
threshold, the signal state is high. Otherwise, the signal state is considered low. The
interpretation of high and low is defined by the Polarity.

You can select the threshold voltages for various types of integrated circuits in the
"Technology" list, or set a user-defined value in "Threshold". You can also let the instru-
ment set the appropriate threshold using "Find Level".

Changing the thresholds in the bus configuration changes also the thresholds of ana-
log channels in the "Vertical" menu, or the thresholds of logic channels in the "Logic"
menu.

Remote command:

BUS:UART:TECHnology on page 445
BUS:UART:THReshold on page 445
BUS:SETReflevels on page 427
CHANnel<m>:THReshold:FINDlevel on page 304
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Predefined Bit Rates, Bit Rate
Set the number of transmitted bits per second.

You can select a predefined value in the "Predefined Bit Rates" list, or set a user-
defined value in "Bit Rate".

Remote command:
BUS:UART:STDBitrate on page 445
BUS:UART:BITRate on page 446

Data Bits
Sets the number of data bits in a word (symbol) in a range from 5 bits to 9 bits.

Remote command:
BUS:UART:SSIZe on page 446

Parity

Defines the optional parity bit that is used for error detection.

"None" No parity bit is used.

"Odd" The parity bit is set to "1" if the number of data bits set to "1" is even.
"Even" The parity bit is set to "1" if the number of data bits set to "1" is odd.

Remote command:
BUS:UART:PARity on page 446

Stop Bits
Sets the number of stop bits: 1 or 1.5 or 2 stop bits are possible.

Remote command:
BUS:UART:SBIT on page 446

Bit Order

Defines if a word starts with MSB (most significant bit) or LSB (least significant bit).
The display of the decoded signal considers this setting, results are displayed in the
specified order.

Remote command:
BUS:UART :ORDer on page 446

Frame Mode

Allows you to decode frames of several words in the data stream, which are defined by
a timeout between a stop bit and the next start bit. Enter the minimum timeout between
two frames in "Idle Time".

Remote command:
BUS :UART : FRAMemode on page 447
BUS:UART:TOUT on page 447

UART Trigger Settings

Access: "Bus" menu > "Bus Protocol" = "UART" > "Trigger"
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UART Trigger
Selects the trigger type for UART analysis.
"Start Bit" Triggers on a start bit. The start bit is the first low bit after a stop bit if

polarity is idle high.

"Frame Start"  Triggers on the begin of a data frame. The frame start is configured
with BUS : UART : FRAMemode.

"Data" Triggers on a serial pattern or data word. You can define the Pattern
and Relation.

"Parity Error" Triggers on a parity error, which indicates a transmission error. This
trigger type is only available if a parity is configured for the UART bus.

"Stop Error" Triggers if the stop bit is a logic 0.

"Break Condi-  Triggers if a start bit is not followed by a stop bit, and the data line
tion" remains at logic O for longer than a UART word.

Remote command:
TRIGger:UART: TYPE on page 447

Pattern
Specifies the data pattern to be found on the specified trigger source, in binary or hex
format. Enter the words in MSB first bit order.

See also Chapter 3.6.12.1, "Pattern Definition", on page 70.

Remote command:
TRIGger:UART: DATA on page 448

Relation
Defines how the defined serial data pattern is compared with the acquired signal. The
instrument triggers if the acquired data word is equal or unequal the defined pattern.

Remote command:
TRIGger:UART:DCONdition on page 448

9.4.4 UART Decode Results

This chapter describes the comb display and the decode results table of decoded
UART buses. Basic information on decoding and display of decode results is given in
Chapter 9.1.2, "Decode Results", on page 173.
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UART  Source [] tms/ W EH sngl  Stop 4] Chore

o ENEYE < B I

Figure 9-20: Comb display of a decoded UART signal, triggered on start bit

fj 2016-08-05

UART  Source [&] ims/ §f KM sngl  Stop 13:07:09

e O I I

Figure 9-21: Comb display of a decoded UART signal, triggered on parity error

The color-coding of the various protocol sections and errors simplifies the interpretation
of the visual display.

Table 9-5: Color codes of decoded UART signals

Color, display element Description
Green brackets [...] Start and end of frame
Cyan comb Data words

e
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Color, display element Description

Violet comb Parity bit

Red Start error, stop error, parity error, or insufficient frame (end of acquisition
before decoding has been completed)

In "Protocol" mode, decoded data is shown in tabular form.

UART  Source [§] so0ps/ #F KM Auto  Stop 4| Cjere

Frame Value
Start 8 bit [hex]
-2.708 ms Incomplete
-1.736 ms A6 Ok

-694 ps Parity Error
+347 ps A8 Ok
+1.389 ms Ok

State

{_Data:A7h } [ { Data:A [Tpata: 000"y

Figure 9-22: Decoded UART signal in Protocol mode

Table 9-6: Content of the protocol table for decoded UART signal

Column Description

# Frame index

Frame Start Time of frame start

Value <x> bit [format] Value of the data word. The data format is selected in the "Bus" menu. The

column header indicates the selected word length.

State Overall state of the frame.

"Incomplete” indicates that the frame is not completely contained in the
acquisition. Change the time scale, or move the reference point to the left to
get a longer acquisition.

Remote commands are described in Chapter 15.11.4.3, "UART Decode Results",
on page 448.
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9.5 CAN and CAN FD (Options R&S RTH-K3, R&S RTH-
K9)

CAN is the Controller Area Network, a bus system designed by Bosch for use within
automotive network architecture, for example, for brake, power train and engine man-
agement. Today, it is also used in many other systems, for example, in industrial
machines, aerospace, subsea, merchant marine etc..

More than 20 years after the invention of CAN, communication needs have increased,
and CAN has reached it's bandwidth limits in some application fields. Therefore, Bosch
specified an improved CAN protocol with flexible data rate - CAN FD. It introduces a
higher bit rate in the data phase up to 15 Mbit/s and an extended data field from up to
64 bytes.

The R&S RTH provides decoding, triggering and searching CAN and CAN FD signals
with following options:

® CAN: option R&S RTH-K3

® CAN FD: option R&S RTH-K9, requires CAN option R&S RTH-K3

9.5.1 The CAN/CAN FD Protocol

This chapter provides an overview of the protocol characteristics, frame types, informa-
tion transfer and message formats.

The CAN 2.0 specification defines two formats: the base CAN (version 2.0A) with an
11-bit identifier and the extended CAN (version 2.0B ) with a 29-bit identifier. Based on
theses specifications the CAN standard ISO 11898-1 was released, in 1993.

More than 20 years after the invention of CAN, communication needs have increased,
and CAN has reached its bandwidth limits in some application fields. Therefore, Bosch
specified an improved CAN protocol with flexible data rate - CAN FD. It introduces a
higher bit rate in the data phase up to 15 Mbit/s and an extended data field of up to 64
bytes. In 2015, the CAN FD specification has also been integrated in the standard 1ISO
11898-1.

CAN/CAN FD characteristics

Main characteristics of CAN/CAN FD are:
e Differential signaling.
® Transmission over two wires, high and low.

® Multi-master, which means that any node can begin to transmit a message, when a
bus is free.

® Bitwise arbitration.

Arbitration

Information transfer is done by carrier sense multiple access/bitwise arbitration (CSMA/
BA). Each node waits for a certain inactive period before it tries to send a message.
Collisions are resolved through a bitwise arbitration that is non-destructive.
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Each message has a priority which is implied in the identifer value - the lower the
value, the higher the priority. A dominant bit from the message with highest priority
overwrites the recessive bits on the bus. If a node detects that the bus is already
receiving a message that has a higher priority, it stops the transmission and waits for
the current transmission to end before retransmitting.

Frame types

The CAN/CAN FD protocol defines the following types of frames:

® Data: used for information transmission.

® Remote: used for information request. The destination node sends this frame to the
source to request data. This type of frame is only used by CAN.

® Error: indicates that a bus node has detected transmission error.
® Qverload: used from a bus node to request a transmission delay.

CAN data message format

The CAN protocol defines two formats for the data frame: the base frame format and
the extended frame format. The data frames are built as follows:

Arbitration Field Control Field

S R|1 E|I

O| Identiier |T|D|r0| DLC Data CRC acK |o|F

F R|E Fls
Figure 9-23: CAN basic frame

Arbitration Field Control Field

s . sl ’ R E|l
o| | d:eln-tmr R|D \ dLna—:ﬁliLr T |ri || DLE Data CRC ACK |0 |F
F R|E Fls

Figure 9-24: CAN extended frame

The following fields, compose the base/extended frame format:
® SOF: start of frame. 1 dominant bit that marks the beginning of the message.

® |dentifier: 11/18-bit identifier. Contains information about the priority of the mes-
sage. CAN base frames have an 11-bit identifier while CAN extended frames have
a total of 29 bits identifier.

® RTR: remote transmission request bit. Differentiates between base and extended
frames. It is dominant for base data frames and recessive for extended data
frames.

® SRR: substitute remote request. Only present in extended CAN frames at the posi-
tion of the RTR bit in base frames.

® |DE: identifier extension bit. It helps to distinguish between a base and extended
data frame. It is dominant for data frames and recessive for remote frames

® r0/r1: reserved bits for possible future use.
® DLC: data length code. Defines how many bytes of data follow.
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e Data: up to 8 bytes of data can be transmitted for CAN.
® CRC: cyclic redundancy check. Checks the integrity of the frame contents.

® ACK: acknowledgement. This is a recessive bit that is overwritten by the node, if
the message was transmitted correctly.

® EOF: end-of-frame: marks the end of the message.

® |FS: interframe space. Separates a data or remote frame from the preceding
frames.

CAN FD data message format

There are many common features between the CAN and CAN FD protocol. The main
differences are:

® CAN FD defines a data length of up to 64 bytes.

® CAN FD defines two bit nodes, one for arbitration phase and one for data phase.

® The transmission of control field from BRS bit onwards, data field and CRC field at
higher data rate.

® The CRC size and computation differ from CAN.

The CAN FD protocol also defines two formats for the data frame: the base frame for-
mat and the extended frame format. The data frames of the CAN FD are built as fol-
lows:

Arbitration Field Control Field

B|E E
R |3 OLC Data CRC ACK O|F
51 F

Identifier r

mow
]

mam
2

Figure 9-25: CAN FD basic frame

Arbitration Field Control Field
5 511 F B|E ElI
o| lgentfier |R|D Edendend  lr|p|m|rR|s| Dc Data CRC sk |o|F
F S|E F S Fls

Figure 9-26: CAN FD extended frame

There are many common fields that are used both for the CAN and CAN FD frames.
For a description of those fields, see "CAN data message format" on page 204.

The following fields are present also for the CAN FD frames:

e Data: up to 64 bytes of data can be transmitted for CAN FD.

® FDF: FD format. Distinguishes between the CAN and CAN FD frames.

® BRS: bit rate switch. Determines if the bit rate is turned on for the CAN FD frame.

® ESI: error state indicator. It is dominant for error active nodes and recessive for
error passive nodes.
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9.5.2 CAN Configuration Settings
Access: "Bus" menu > "Bus Protocol" = "CAN" > "Config"
Polarity Threshold

Source  [WIEERYY CAN L

Technology

ChOS
CAN standard

CAN Find Leyel

Bit Rate Predefined Bit Rates  Sample Point
50 kbps 50 kbps \'4 50 %

Polarity Threshold

Source a v | CAN L v

Technology

User
CAN Standard CAN FD Standard

CANFD v IS0 v Find Level
Arbitration Bit Rate Predefined Bit Rates Sample Point
50 kbps 50 kbps v

Data Bit Rate Predefined Bit Rates Sample Point
50kbps 50 kbps v

Source
Sets the input channel of the CAN line. All active analog channels can be used.

If option R&S RTH-B1 is installed, digital channels can also be used as source.

Remote command:
BUS:CAN:DATA: SOURce on page 450

Polarity
Selects whether the chip select signal is high active (high = 1) or low active (low = 1).

Remote command:
BUS:CAN:TYPE on page 451

Threshold, Technology, Find Level
Sets the threshold value for digitization of signals. If the signal value is higher than the
threshold, the signal state is high. Otherwise, the signal state is considered low.

You can select the threshold voltage on the source CAN for various types of integrated
circuits in the "Technology" list, or set a user-defined value in "Threshold". You can also
let the instrument set the appropriate threshold using "Find Level".

|
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Changing the thresholds in the bus configuration changes also the thresholds of ana-
log channels in the "Vertical" menu, or the thresholds of logic channels in the "Logic"
menu.

Remote command:

BUS:CAN:TECHnology on page 451

BUS:CAN:DATA: THReshold on page 452

BUS:SETReflevels on page 427

CHANnel<m>:THReshold:FINDlevel on page 304

CAN Standard
Selects the CAN protocol.

For decoding CAN buses, option R&S RTH-K3 is required and for CAN FD option
R&S RTH-KO9.

Remote command:
BUS:CAN:FDATa:ENABle on page 453

CAN FD Standard
The setting is available in CAN FD option R&S RTH-K9.

Selects the standard of the tested CAN FD signal.
"Non-ISO" Signals are decoded according to the Bosch CAN FD protocol.

"ISO" Signals are decoded according to the ISO CAN FD protocol. This pro-
tocol has an additional stuff count field before the CRC sequence.

Remote command:
BUS:CAN:FDATa:PSTandard on page 453

Bit Rate, Predefined Bit Rates
Sets the number of transmitted bits per second. The maximum bit rate is 1 Mbit/s.

To select a bit rate from the list of predefined values, tap the "Predefined Bit Rates"
field, then select the value.

To set a user-defined value, double-tap the "Bit Rate" field, then enter the value and
unit using the displayed keypad. The "Predefined Bit Rates" setting is automatically set
to "User".

Remote command:
BUS:CAN:BITRate on page 451

Arbitratrion Bit Rate, Predefined Bit Rates
The setting is available in CAN FD option R&S RTH-K9.

Sets the bit rate of the arbitration phase. The maximum bit rate is 1 Mbit/s.

To select a bit rate from the list of predefined values, tap the "Predefined Bit Rates"
field, then select the value.

To set a user-defined value, double-tap the "Arbitratrion Bit Rate" field, then enter the
value and unit using the displayed keypad. The "Predefined Bit Rates" setting is auto-
matically set to "User".

Remote command:
BUS:CAN:FDATa:ABITrate on page 452
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Data Bit Rate, Predefined Bit Rates
The setting is available in CAN FD option R&S RTH-K9.

Sets the bit rate of the data phase. The data rate can be equal or higher than the arbi-
tration rate; and it is uniform and fixed for a given CAN FD bus.

To select a data rate from the list of predefined values, tap on "Predefined Bit Rates"
beside the field. To enter a specific value, open the keypad. The list of predefined val-
ues is also available in the keypad.

To set a user-defined value, double-tap the "Data Bit Rate" field, then enter the value
and unit using the displayed keypad. The "Predefined Bit Rates" setting is automati-
cally set to "User".

Remote command:
BUS:CAN:FDATa:DBITrate on page 453

Sample Point
The CAN bus interface uses an asynchronous transmission scheme. The standard
specifies a set of rules to resynchronize the local clock of a CAN node to the message.

The sample point divides the nominal bit period into two distinct time segments. The
length of the time segments is defined in time quanta according to network and node
conditions during CAN development.

For CAN FD signals, you can define the sample point separately for the arbitration
phase and data phase.

! Maorninal bit time -

Tirme seqgl Time seg2
EYNCH_SEG + PROP_SEG + PHASE_SEGT) (FHASE_SEGZ)

T Sample point

Tirne guanta

Remote command:

BUS:CAN:SAMPlepoint on page 452
BUS:CAN:FDATa:ASAMplepoint on page 452
BUS:CAN:FDATa:DSAMplepoint on page 453

9.5.3 CAN Trigger Settings

Access: [Setup] ([Trigger]) > "Trigger type" = "Bus"
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Trigger Type
Bus

CAN Trigger
Identifier

Frame Type
Data or Remote v

Identifier Pattern
[bin POOCCO0C000(

4| Address from Label

Identifier Relation

D F=Y r= T =] =) 1 o] o 1R 211
BYLE OffSEL. ... i 212
AdAress from LabEl.....ccoooieiiiiiiiieeeeeeeeeeeeeeeee et e e e e e e e e —————— 212
Error conditions: CRC, Bit stuffing, Form, Ack, SC......ccccooiiiiiiiiiiiie, 212

CAN Trigger
Depending on the selected CAN trigger type, different additional parameters are avail-
able.

"Start of Frame"
Triggers on the stop bit of the sync field.

"End of frame"
Triggers after a wakeup frame.

"Frame type" Triggers on a specified frame type (data, remote, error, or overload).
For data and remote frames, also the identifier format is considered.

"Identifier" Sets the trigger to a specific identifier or an identifier range. Only the
6-bit identifier without parity bits is considered, not the protected iden-
tifier.

"ldentifier + Data"

Sets the trigger to a combination of identifier and data condition. The
instrument triggers at the end of the last byte of the specified data
pattern.
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"Error condition"
Identifies various errors in the frame. You can select one or more
error types as the trigger condition.

Remote command:
TRIGger:CAN:TYPE on page 457

Frame type
CAN has several frame types which can be used as trigger condition.

For data and remote frames, the identifier format has to be set with ID type.

"Error" When a node recognizes an error, it cancels transmission by sending
an error frame.
The instrument triggers seven bit-periods after the end of the error
flag that is marked by a dominant-recessive edge.
The ID type is irrelevant for error frames.

"Overload" When a node needs a delay between data and/or remote frames, it
sends an overload frame.
The instrument triggers seven bit-periods after the end of the over-
load flag that is marked by a dominant-recessive edge.
The ID type is irrelevant for overload frames.

"Data" The data frame is the only frame for actual data transmission.

"Remote" Remote frames are only available in the CAN protocol.
The remote frame initiates the transmission of data by another node.
The frame format is the same as of data frames but without the data

field.
"Data or Data frames or remote frames initiate the transmission of data by
Remote" another node. The frame format is the same as of data frames.

Remote command:
TRIGger:CAN:FTYPe on page 455

ID type
Selects the length of the identifier:

"11 bit" Identifier length of the CAN base frame format. The instrument trig-
gers on the sample point of the IDE bit (identifier extension flag).

"29 bit" Identifier length of the CAN extended frame format. The instrument
triggers on the sample point of the RTR bit.

"Any" The ID type and ID pattern are not relevant for the trigger condition.
If the trigger type is "ldentifier", the instrument triggers on any identi-
fier in the specified frame type.
If the trigger type is "ldentifier + Data", set the "ID type" to "Any" if you
want to trigger only on data.

Remote command:
TRIGger:CAN:ITYPe on page 456

Identifier Pattern
Specifies the identifier pattern to be found, in binary or hex format. Enter the pattern in
MSB first bit order.
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See also Chapter 3.6.12.1, "Pattern Definition", on page 70.

Remote command:
TRIGger:CAN:IDENtifier on page 456

Identifier Relation
Defines how the specified identifier pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Remote command:
TRIGger:CAN:ICONdition on page 456

FDF Bit

The bit determines whether a frame is CAN or CAN-FD. It corresponds to the EDL bit
(extended data length), which only exists in CAN FD format. If you do not know if the
signal is CAN or CAN FD, you can use this bit to identify the format.

Remote command:
TRIGger:CAN:FDATa: FDF on page 458

BRS Bit
The setting is available in CAN FD option R&S RTH-K9.

Sets the the bit rate switch bit.

Value 1 means that the bit rate switches from the "Arbitration rate" to the faster "Data
rate".

Remote command:
TRIGger:CAN:FDATa:BRS on page 457

ESI Bit
The setting is available in CAN FD option R&S RTH-K9.

Sets the error state indicator bit. If set to "Dominant”, the bit indicates an error active
state.

Remote command:
TRIGger:CAN:FDATa:EST on page 458

Data Pattern
Specifies the data pattern to be found, in binary or hex format. Enter the pattern in
MSB first bit order.

See also Chapter 3.6.12.1, "Pattern Definition", on page 70.

Remote command:
TRIGger:CAN:DATA on page 455

Data Relation
Defines how the specified data pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Remote command:
TRIGger:CAN:DCONdition on page 455
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Byte Offset
The setting is available in CAN FD option R&S RTH-K9.

Sets the byte offset, that defines the strat position of the data for the data pattern com-
parison.

Remote command:
TRIGger:CAN:FDATa:DPOSition on page 458

Address from Label
If a label list with node names was loaded and applied in the bus configuration, you
can select the node name from the list instead of entering the numeric identifier.

The instrument triggers on the identifier of the selected node.

Error conditions: CRC, Bit stuffing, Form, Ack, SC

If a CAN detects a bit stuffing error, form error, or Ack error, it transmits an error flag at
the next bit. The R&S RTH detects errors in the message and triggers on these errors
even if no CAN node sends an error flag.

® CRC error
CAN uses the cyclic redundancy check (CRC), which is a complex checksum cal-
culation method. The transmitter calculates the CRC and sends the result in the
CRC sequence. The receiver calculates the CRC in the same way. A CRC error
occurs when the calculated result differs from the received value in the CRC
sequence.

® Bit stuffing error
The frame segments Start Of Frame, Arbitration Field, Control Field, Data Field
and CRC Sequence are coded by the bit stuffing method. The transmitter automati-
cally inserts a complementary bit into the bit stream when it detects five consecu-
tive bits of identical value in the bit stream to be transmitted. A stuff error occurs
when the 6th consecutive equal bit level in the mentioned fields is detected.

® Form error
A form error occurs when a fixed-form bit field contains one or more illegal bits.

® Ack error
An acknowledgement error occurs when the transmitter does not receive an
acknowledgment - a dominant bit during the Ack slot.

® SC errror
A stuff count (SC) error occurs if th received stuff count value does not match the
value calculated from the own stuff bit count.
Only relevant for CAN FD signals in ISO standard.

Remote command:

TRIGger:CAN:ACKerror on page 454
TRIGger:CAN:BITSterror on page 454
TRIGger:CAN:CRCerror on page 455
TRIGger:CAN:FORMerror on page 455
TRIGger:CAN:FDATa:SCERror on page 458
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9.5.4 CAN Label List

9.5.4.1

9.5.4.2

Label list files (symbolic data files) for CAN protocols are available in PTT and CSV file
formats, similar to other serial protocols. In addition, the R&S RTH can read and apply
DBC files to the decoded signal and use them for triggering.

For general information on label lists, see Chapter 9.1.3, "Label Lists", on page 178.

PTT and CSV Files for CAN

Label list files are protocol-specific. A PTT label file for CAN protocols contains three
values for each identifier:

® |dentifier type, 11-bit or 29-bit long
® |dentifier value
® [ abel, symbolic name of the identifier, specifying its function in the bus network.

Example: CAN PTT file

B
@FILE_VERSION = 1.00

@PROTOCOL_NAME = can

B

# Labels for CAN protocol

# Column order: Identifier type, Identifier value, Label

11,064h,Diag_Response
11,1E5h, EngineData
11,0A2h, Ignition Info
11,1BCh, TP_Console
11,333h,ABSdata
11,313h,Door_ Left

11,314h, Door_Right
29,01A54321h, Throttle
29,13A00FA2h, LightState
29,0630ABCDh, Engine_Status
29,03B1C002h,Airbag Status
29,01234ABCh,NM Gateway

DBC Files for CAN

Industry-standard DBC files contain more information than PTT and CSV files and
translate the abstract decode results to human language. For each frame, the frame ID
and the symbolic name of the ID are given; the frames are also called messages in
CAN. The data of a CAN message can consist of several "signals". The DBC file pro-
vides the label, unit, start bit, length and other indicators for each signal. For state-
encoded signals, the meaning of the states is given.

In the demo example, the message "EngineData" has the decimal ID 2,166,573,756
and consists of 8 data bytes. These 8 bytes are defined as 6 signals. The first one,



R&S®Scope Rider RTH Protocol Analysis

"PetrolLevel", starts at bit #24, has a length of 8 bit, and the unit is liter. The signal
"ldleRunning" is state-encoded. It has only one bit. The binary value 0 means "Run-
ning", and the binary value 1 means "ldle".

Example: CAN DBC file section

BO_ 2166573756 EngineData: 8 Engine

SG_ PetrolLevel : 24[8@1+ (1,0) [0[255] "1™ ...
SG_ EngPower : 48|16@1+ (0.01,0) [0[350] "kw" ...
SG EngForce : 32[10@1+ (1,0) [0]1000] "N" ...

SG_ IdleRunning : 23[1@1+ (1,0) ([O|1] "™ ...

SG_ EngTemp : 16|7@1+ (2,-50) [-50[150] "degC" ....
SG_ EngSpeed : 0[13@1+ (1,0) [0]8000] "rpm" ...

VAL 2166573756 IdleRunning 0 "Running" 1 "Idle" ;

If a DBC file is loaded, the bus menu provides an additional entry: Display Labels.

N Auto Tig'd 4] 1'0134}3.1:'
ID Type ID Value

ABSdata: & s;z:n:f

- CarSpeed (mph) 1‘

- Diagnostics ﬂm*: flx)
- GearlLock :

11 bit  [hex]1BC DiagRequest_Motor Trigger

11 bit  [hex]0A2 DiagResponse_Motor
11 bit  [hex]333 Diag_Request

11 bit  [hex]314 Diag_Response

11 bit  [hex]064

Math

Display Format
Hexadecimal v

EngineData: Display Labels r
- EngForce (N)
- EngPower (kW) .

[hex]01234ABC - EngSpeed (rpm} Symbolic Decode _m I;I
- EngTemp (degC) Display
- ldleRunning 5 Load Label List

- PetrolLevel (1) ;P

«| Show Label List (10)

Figure 9-27: Display of an CAN DBC file
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(AN Source [&] K Ao Trigd 4] *scos

v

D AT ? Help
Vil LT

11 bit Vertical

i e
Data or Remote

Identifier Pattern
[hex]064

CRC
35CEh | «| Identifier from Label

Identifier Relation
Equal V' | Horizontal

Holdoff Mode
off v Q

Zoom

Noise Reject “ &

c I > I

Figure 9-28: Trigger on message "ABSdata”, identifier value 064 (hex)

9.5.5 CAN Decode Results

This chapter describes the comb display and the decode results table of decoded CAN
buses. Basic information on decoding and display of decode results is given in Chap-
ter 9.1.2, "Decode Results", on page 173.

AN Source[§] ims/  EH Sngl  Stop 4] Clovee

Figure 9-29: Comb display of a decoded CAN signal, triggered on CRC error
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20160805
Base= 1.176 v Top= 2384 v 1my BN Sngl  Stop 4 140040
h 4

c I > I

Figure 9-30: Comb display of a decoded CAN signal, triggered on address 0630ABCD (hex)

CAN FD Source [&] 100ps/ M sngl  Stop 43 2%

1BC DREEE]) 314h Data: 01234567h

T T

d 2y B

Figure 9-31: Comb display of a decoded CAN FD signal, triggered on overload frame

The color-coding of the various protocol sections and errors simplifies the interpretation
of the visual display.

Table 9-7: Color codes of decoded CAN signals

Color, display element Description
Green brackets [...] Start and end of frame
Green frame header Data frame. Text indicates the frame type and frame ID (hex).
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Color, display element Description

Cyan frame header Remote frame. Text indicates the frame type and frame ID (hex).

White frame header Overload frame. Text indicates the frame type.

Yellow comb ID (standard 11 bit and extended 29 bit)

Cyan comb Data bytes

Blue comb Data length code (DLC)

Violet CRC

Red Error frame, start/stop error, CRC error, stuff bit error, form error, ACK error,
insufficient frame (end of acquisition before decoding has been completed)

In "Protocol" mode, decoded data is shown in tabular form.

(AN Source [&] Tms/ CANEN Auto  Trigd 4| 2I5%%

Frame ID Values CRC
Start Type  bit [hex] DLC 8 bit [hex] [hex]
-1.14 ms Undef. Any 1E7F 62B6  Incomplete
-260ps  Ovld Ovld Frame
+414ps | Data | 11 1BC ' Stuff Error
+1.14ms  Error Error Frame
+191ms Data 1 95 3¢ 6666 CRC; Ack Error
+2.99ms  Error Error Frame
+3.69ms Data | 11 31 5 41 OES1 ' Form Error
+4.91ms  Error Error Frame
+8.59ms  Data 11 > Incomplete

State

H D: 1BCh Err Data: 333h Data: 314h  Err
B I I 1 I T

o I - I - I

Figure 9-32: Decoded CAN signal in Protocol mode

Table 9-8: Content of the protocol table for decoded CAN signal

Column Description

# Frame index

Frame Start Time of frame start

Frame Type Data, remote, overload or error frame

ID bit ID type, 11 bit standard format or 29 bit extended format

ID [hex] Identifier value, hexadecimal value

DLC Data length code, coded number of data bytes

Values 8 bit [format] Values of data frames. The data format is selected in the "Bus" menu.
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Column Description
CRC CRC value
State Overall state of the frame.

"Incomplete” indicates that the frame is not completely contained in the
acquisition. Change the time scale, or move the reference point to the left to
get a longer acquisition.

Remote control commands are described in Chapter 15.11.5.3, "CAN Decode Results",
on page 458.

9.6 LIN (Option R&S RTH-K3)

The Local Interconnect Network (LIN) is a simple, low-cost bus system used within
automotive network architectures. LIN is usually a subnetwork of a CAN bus. The pri-
mary purpose of LIN is to integrate uncritical sensors and actuators with low bandwidth
requirements. Common applications in a motor vehicle are the control of doors, win-
dows, wing mirrors, and wipers.

9.6.1 The LIN Protocol

This chapter provides an overview of protocol characteristics, frame format, identifiers
and trigger possibilities. For detailed information, order the LIN specification on http://
www.lin-subbus.org/ (free of charge).

LIN characteristics

Main characteristics of LIN are:

® Single-wire serial communications protocol, based on the UART byte-word inter-
face

® Single master, multiple slaves - usually up to 12 nodes

® Master-controlled communication: master coordinates communication with the LIN
schedule and sends identifier to the slaves

® Synchronization mechanism for clock recovery by slave nodes without crystal or
ceramics resonator

The R&S RTH supports several versions of the LIN standard: v1.3, v2.0, v2.1 and the
American SAE J2602.

Data transfer

Basic communication concept of LIN:
® Communication in an active LIN network is always initiated by the master.

® Master sends a message header including the synchronization break, the synchro-
nization byte, and the message identifier.


http://www.lin-subbus.org/
http://www.lin-subbus.org/
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® The identified node sends the message response: one to eight data bytes and one
checksum byte.

® Header and response form the message frame.

Frame

Header Response

Response space

Breakl) ~Sync " [|Identifier Data 1| ||| Data 2 | ||| Data N | ||\checksum
\_field field field
<— <—
Inter-byte space Inter-byte spaces

Figure 9-33: LIN frame with header and response

The data is transmitted in bytes using the UART byte-word interface without the parity
bit. Each byte consists of a start bit, 8 bits and a stop bit.

Start | Bit0 | Bit1 Bit 7 | Stop
bit | LSB MSB | bit

| Byte field

Figure 9-34: Structure of a byte field

Data bytes are transmitted LSB first.

The identifier byte consists of 6 bits for the frame identifier and two parity bits. This
combination is known as protected identifier.

Trigger

The R&S RTH can trigger on various parts of LIN frames. The data line must be con-
nected to an input channel, triggering on math and reference waveforms is not possi-
ble.

You can trigger on:

® Frame start (synchronization field)

® Specific slave identifier or identifier range

® Data pattern in the message

® Wake up signal

® Checksum error (error in data), parity error (error in identifier)

9.6.2 LIN Configuration Settings

Access: [Protocol] > "Bus type" = "LIN" > "Configuration"
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Polarity Threshold
Source  [WIERYE |dle High 1.399 ¥
Technology
User
Find Level
Predefined Bit Rates
9.6 kbps 9.6 kbps A4
Standard
Auto
0] =1 13 U PO PP 220
) 7= Lo =T (e RPN 220
Bit rate, Predefined Bit RAtES. ....c..ovieeeiiieeeeeeeee ettt e et e e et e e e e renns 221
Threshold, Technology, FINA LEVEL..........c.ooo i 221
Source

Sets the source of the data line. All active analog channels can be used.
If option R&S RTH-B1 is installed, digital channels can also be used as source.

Remote command:
BUS:LIN:DATA:SOURce oOn page 465

Polarity

Defines the idle state of the bus. The idle state is the recessive state and corresponds
to a logical 1.

"Idle Low" The bus is idle (state = 1) when the signal is low

"Idle High" The bus is idle (state = 1) when the signal is high

Remote command:
BUS:LIN:POLarity on page 466

Standard
Selects the version of the LIN standard that is used in the DUT. The setting mainly
defines the checksum version used during decoding.

The most common version is v2.x. For mixed networks, or if the standard is unknown,
set the LIN standard to "Auto".

Remote command:
BUS:LIN:STANdard on page 466
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Bit rate, Predefined Bit Rates
Sets the number of transmitted bits per second. The maximum bit rate is 20 kbit/s.

To select a bit rate from the list of predefined values, tap the "Predefined Bit Rates"
field, then select the value.

To set a user-defined value, double-tap the "Bit Rate" field, then enter the value and
unit using the displayed keypad. The "Predefined Bit Rates" setting is automatically set
to "User Bit Rate".

Remote command:
BUS:LIN:BITRate on page 466

Threshold, Technology, Find Level
Sets the threshold value for digitization of signals. If the signal value is higher than the
threshold, the signal state is high. Otherwise, the signal state is considered low.

You can select the threshold voltages for various technologies in the "Technology" list,
or set a user-defined value in "Threshold". You can also let the instrument set the
appropriate threshold using "Find Level".

Changing the thresholds in the bus configuration changes also the thresholds of ana-
log channels in the "Vertical" menu, or the thresholds of logic channels in the "Logic"
menu.

Remote command:

BUS:LIN:TECHnology on page 467

BUS:LIN:DATA:THReshold on page 466

BUS:SETReflevels on page 427

CHANnel<m>:THReshold:FINDlevel on page 304

9.6.3 LIN Trigger Settings

Access: [Setup] ([Trigger]) > "Trigger type" = "Bus"

VWL = TeT
R Data
Trigger Mode

Auto

Trigger Type
Bus

LIN Trigger

- Start of frame
Holdoff Mode
Off

Noise Reject
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| I I o o =T PR 222
(07 0 1Yd 11U T =5 o 222
L 114 =11 (o P TR T 222
N3 T = o PSRRI 222
IdENtIfiEr Pattern....u e et e e ———— 223
Identifier REIAHION.......ceveieieiit et e e e e e e e e e e e e aeeeeees 223
Identifier fromM LabEl......ccocoi it ———— 223
[ F=) = I =Y 1 (=T o o 1T 223
[ E=) = I a1 F= 1 0] o 1 223

LIN Trigger
Depending on the selected LIN trigger type, different additional parameters are availa-
ble.

"Start of Frame"
Triggers on the stop bit of the sync field.

"Wakeup frame"
Triggers after a wakeup frame.

"Error condition"
Identifies various errors in the frame. You can select one or more
error types as the trigger condition.

"Identifier" Sets the trigger to a specific identifier or an identifier range. Only the
6-bit identifier without parity bits is considered, not the protected iden-
tifier.

"Identifier + Data"

Sets the trigger to a combination of identifier and data condition. The
instrument triggers at the end of the last byte of the specified data
pattern.

Remote command:
TRIGger:LIN:TYPE on page 469

Checksum Error

Triggers on a checksum error. The checksum verifies the correct data transmission. It
is the last byte of the frame response. The checksum includes not only the data but
also the protected identifier (PID).

Remote command:
TRIGger:LIN:CHKSerror on page 467

Parity Error
Triggers on a parity error. Parity bits are the bits 6 and 7 of the identifier. They verify
the correct transmission of the identifier.

Remote command:
TRIGger:LIN: IPERror on page 469

Sync Error
Triggers if synchronization caused an error.

Remote command:
TRIGger:LIN:SYERror on page 469
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Identifier Pattern
Specifies the identifier pattern to be found, in binary or hex format. Enter the pattern in
MSB first bit order.

See also Chapter 3.6.12.1, "Pattern Definition", on page 70.

Remote command:
TRIGger:LIN:IDENtifier on page 468

Identifier Relation
Defines how the specified identifier pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Remote command:
TRIGger:LIN:ICONdition on page 468

Identifier from Label
If a label list with node names was loaded and applied in the bus configuration, you
can select the node name from the list instead of entering the numeric identifier.

The instrument triggers on the identifier of the selected node.

Data Pattern
Specifies the data pattern to be found, in binary or hex format. Enter the pattern in
MSB first bit order.

See also Chapter 3.6.12.1, "Pattern Definition", on page 70.

Remote command:
TRIGger:LIN:DATA on page 468

Data Relation
Defines how the specified data pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Remote command:
TRIGger:LIN:DCONdition on page 468

9.6.4 LIN Label List

Label lists are protocol-specific. Label lists for LIN are available in CSV and PTT for-
mat.

A LIN label file contains two values for each identifier:
® [dentifier value
® Symbolic name for the identifier

Example of a LIN PTT file

@FILE VERSION = 1.0
@PROTOCOL NAME = lin

# Labels for LIN protocol
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# Column order: Identifier, Label

# Labels for standard addresses

0x3F, Temperature

1Ch, Left brake

20h,Right brake

# Following ID is provided as integer
33,Mirror

0x37,Indoor lights

# Labels for reserved addresses
0x3C,Master Request Frame

0x3D, Slave Response Frame

K Norm  Trigd 4 | el
Label 1631

[hex]00000012  Pressure

[hex]00000013  Mirror

[hex]0000001C  Left brake D, f
[hex]00000033  Speed Math
[hex]0000003F  Temperature Trigger

Display Format
Hexadecimal v

Display Labels r

% Load Label List -
Display

<| Show Label List (5)

Figure 9-35: Display of a LIN label list
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N Source d] Tigd 4] “icoers

SYNC FIELD

o y—=="Bus
LIN Trigger
Identifier
Identifier Pattern
[hex]1C

Identifier Relation

1D: 06h Brake,Lin [ID: 13h Left break [1D: 1Ch] Equal v
B D[D]j B ]:II B D[ Horizontal
<| Identifier from Label Q

Holdoff Mode Zoom

off vira

g . - B -

Figure 9-36: Trigger on identifier "Left brake"

9.6.5 LIN Decode Results

This chapter describes the comb display and the decode results table of decoded LIN
buses. Basic information on decoding and display of decode results is given in Chap-
ter 9.1.2, "Decode Results", on page 173.

UN  Source[s] 2ms/ K sngl Stop 4] Clasoss

ID: 13h 1D: 23h

D Frh [BREAK S 78h—|—[BREAK- S

g 8 - § - E

Figure 9-37: Comb display of a decoded LIN signal, triggered on parity error
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The color-coding of the various protocol sections and errors simplifies the interpretation
of the visual display.

Table 9-9: Color codes of decoded LIN signals

Color, display element Description

Green brackets [...] Start and end of frame

Green frame header Data frame. Text indicates the frame ID (hex).

Magenta frame header Wake-up frame. Text indicates the frame type.

Magenta comb Break field

Blue comb Synch field

Yellow comb Identifier

Violet comb Parity bit and checksum

Cyan comb Data bytes

Red Error in frame ID, checksum error, parity error, insufficient frame (end of
acquisition before decoding has been completed)

In "Protocol" mode, decoded data is shown in tabular form.

LN  Source [&] 5ms/ LIN N Auto

Frame ID Values
# ME [hex] P[bin] # 8 bit [hex]
1

' -25.80 ms 3 FFFFFF

-19.90 ms 8 2302A01234FFFFFF
-2.57 ms 8 00 FF FF FF FF FF FF FF
+19.56 ms 0

[BES-{e B

g .8 - @ - E

Figure 9-38: Decoded LIN signal in Protocol mode
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Table 9-10: Content of the protocol table for decoded LIN signal

Column Description

# Frame index

Frame Start Time of frame start

ID [hex] Identifier value, hexadecimal value

ID Label Symbolic name of the identifier. Column is shown instead of "ID [hex]" if a

label list is used.

ID P [bin] Value of the protected identifier, binary value

Values 8 bit [format] Values of data bytes. The data format is selected in the "Bus" menu.
CHK [hex] Checksum value, hexadecimal value

State Overall state of the frame.

"Incomplete” indicates that the frame is not completely contained in the
acquisition. Change the time scale, or move the reference point to the left to
get a longer acquisition.

Remote control commands are described in Chapter 15.11.6.3, "LIN Decode Results",
on page 469.

9.7 SENT (Option R&S RTH-K10)

9.7.1 The SENT Protocol

This chapter provides an overview of the protocol characteristics, encoding scheme,
identifiers and trigger possibilities.

The SENT protocol transmits signal values point-to-point from a sensor to a controller
(electronic control unit ECU), unidirectional. In contrast to conventional measurements,
you can receive multiple data parameters via the SENT interface in a single transmis-
sion. Nevertheless, SENT is characterized by its simplicity and yet very high customiz-
ability to meet the individual requirements of the applications.

SENT operates via a three wire connection, a signal line, a supply voltage line for the
sensor and a ground line. It transmits data digitally in variable timing units and evalu-
ates the time between two falling edges (single edges). The signal is amplitude modu-
lated with a constant amplitude voltage. Thus influences of interfering signals are not
critical.

SENT key features

Main characteristics of SENT are:

® serial communication protocol

® 3 wires: SENT (signal line), 5V (voltage line), GND (ground line)
® output only, from sensor to receiver
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9.711

9.7.1.2

® point-to-point transmission, no bus
® (digital transmission
® high baud rate

® data transmission in variable timing units of 4 bits (1 nibble) between two falling
edges

® transmitter-specific clock period (tick)
® {ime measured between single falling edges

SENT Transmission Concept

A sensor converts the analog measured data to a digital signal, and thus transmits a
series of pulses to the receiver. The receiver, e.g. an ECU processes the received sig-
nal also digitally.

The format of a SENT message frame has a fixed pulse order and a transmitter-spe-
cific clock period. The total transmission time varies depending on the clock variation of
the transmitter and the transmitted data values. The data pulses embedded in the
transmission sequence represent one or multiple data parameters to be communica-
ted. The last pulses in a message frame are the CRC check pulse, allowing the
receiver to perform a number of diagnostic tests, and an optional pause pulse.

A SENT transmission starts without a request from the receiver. Consecutive sequen-
ces are transmitted continuously after the falling edge of the last pulse.
The SENT protocol distinguishes between two channel types:

® Fast channel: transmits primary data, i.e. sensor readings like temperature, pres-
sure, mass air flow, throttle position.

® Slow channel: transmits secondary data consisting of transfer characteristics, sen-
sor ID, type, manufacturer diagnostic, etc.
The slow channel transmission provides two serial message formats Short and
Enhanced for customizing the secondary data.

The data of both, the fast and the slow channels is transmitted simultaneously, by
including two bits of a slow channel message in the message frame of the fast chan-
nel. Even though it requires many fast channel messages to complete a slow channel
message, you can use this function to transmit several slow channel messages with
minimal impact on the primary sensor data and the data rate.

SENT Message Definitions

SENT terms

See the specific terms and definition used in SENT protocol:
® Tick (clock tick): basic unit of time

— transmitter-specific nominal clock period

— 3 s <clock tick <90 ps, with max. 20 % clock variation
® Nibble: minimum unit of data

e
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— used to transmit data
— variable timing units between two falling edges

SENT Fast Channel

The SENT protocol enables you to transmit measurements of multiple sensors in one
transmission sequence with data signals of varying length. The diagram in Figure 9-39
shows, for example, the encoding scheme for two 12-bit data signals.

56 ticks

CRC/ Pause Pulse
Checksum (optional)

U

12 ticks 27 ticks 17 ticks 22 ticks 20 ticks 12 ticks 21 ticks

Data 2 Data 2
MidN MidN

4 Bits 4 Bits 4 Bits 4 Bits 4 Bits 4 Bits
Value=15 Value=5  Value=10 Value=2 Value=8 Value=0

Figure 9-39: Example of a SENT transmission sequence

The format of a SENT transmission sequence consists of the following pulses:

Synchronization/Calibration Pulse:

initial sequence of the receiver

— the start condition is the falling edge of the last pulse (CRC or Pause)

— nominal pulse period is 56 clock ticks

— measures the actual clock variation of the transmitter and calculates the tick
timing

Status/Communication Pulse (Nibble)

— one 4 bit pulse

— communicates status and enables the sensor to include slow channel message
bits
0: (LSB) specific application
1: specific application
2: Serial Data message or specific application (e.g. Infineon TLE4998S)
3: (MSB) 1= message start; 0=Serial Data message or specific application
(e.g. Infineon TLE4998S)

— 12 to 27 clock ticks

— notincluded in CRC frame calculation

Data Pulses (Nibbles)

— one up to six 4 bit data nibbles

— 12 to 27 clock ticks pulse period

— initial logic 0 time with =5 ticks, subsequent logical 1 with variable duration
CRC/Checksum

— one 4 bit pulse

— used for error checking of data nibbles (status nibble not included)

— detects single bit, odd number of nonconsecutive and single burst errors
Pause Pulse



Message 1
;.% g Data 1 Data 2
4-pit
3|2|1]|0 ) |

reserved
(specific application)
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— one optional pulse
— variable pulse length: 12 to 768 clock ticks
— can be used to create a transmission with constant number of clock ticks

SENT Slow Channel

Short Serial Messages

For transmission of a slow channel message, 2 bits are included in a fast channel mes-
sage, see the status nibble (Bit 2,3) in Figure 9-40.

A short serial message needs 16 fast channel messages until it is completely transmit-
ted. Prerequisite for the complete transmission of the slow channel message are 16
consecutive error-free fast channel transmissions.

Message 2 Message 3 Message 4
£ s g2 £ s g £ s g
S Pase ® D Data 1 Data? O Pause & Data 1 Data? G Pause @ D Data 1 Data? & Pause
Serial Communication
Nibble Receive No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Start Bit (bit #3) 1 00 00 O0O0OOOOOOOOO OO OO OO0

Serial Data (bit #2) message ID [ databyte | cRe

Figure 9-40: One serial message, composed of 16 SENT consecutive fast channel transmissions

Enhanced Serial Messages

The transmission of an enhanced serial message format requires 18 fast channel
transmissions. Each slow channel message is assigned a message ID, which is trans-
mitted with the data.

The enhanced serial message format provides two alternatives for configuring the
message:

® 4 bit ID and 16 bit data

® 8bitID and 12 bit data

The graphs below illustrate the variants.
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Table 9-11: Enhanced serial message formats

1-bit configuration 4-bit message ID
ID5 | 1D | 1D4] IDg
(MsB) ssy

Serial Communication
Nibble Receive No.

Serial Data (bit #3)
Serial Data (bit #2) CRC data field

CRCs | CRC4 | ... | CRC: | CRCy
(MSB) (Ls8)

16 bit data and 4 bit message ID

123 456 7 8 91011121314 15 16 1718
A A A ()D&-bﬂlD(7—4) o [dam(i52)" o

16-bit data (15-12) 1-bit configuration 8-bit message ID
Dis | Dial D1l Dz |
MsB)

/ Serial Communication

Nibble Receive No.
Serial Data (bit #3)

1D2[Dy| Do CRC; | CRCq | ... | CRCy | CRCq D11 | Do |
{Lsg) (MsB) (Ls8)

12 bit data and 8 bit message ID

9.7.2 SENT Configuration Settings

Access: "Bus" menu > "Bus Protocol" = "SENT" > "Config"

Source 1 v

Polarity Threshold

Idle High

Technology

User

Find Level

D7 | 1D | 1Ds | 1D4 | 1Ds | 1Dz IDs | 1Dg
(MSB) (LSB)

123 456 7'8 91011121314 1516 17°18
11111 om&bnm(u) 0 data(1512) ©

Serial Data (bit #2) CRC data field
6-bit CRC \ 16-bit data (11-0) \ 6-bit CRC \ 12-bit data (11-0) \
Dis | Dio |

|Dz|Dy|Dy
s8)

Clock Period Clock Tolerance
3 s 20 %

Ser. Message Format Data Nibbles Pause Pulse

None A4 3 No

CRC Calculation CRC Yersion

SAEJ2716 v2010,v2016 WV
Lo U] (o= TR 231
0] =1 13 PSP PO PP 232
Threshold, Technology, FINd LeVEL...........oooreriiiiiieccire e 232
(0 [o Y] [ =Y oo 232
(0 oo (G o] {1 =1 a Lo = T 232
Ser. Message FOrMat........oooooiiiiiiicccrree e 232
(D =Y o= T N1 o] o] [T 232
= U <Y V| 1= YT 233
(07 R (O OF= (o101 =1 i [0 o VT 233
(07 ROV L=1 51 o T o TSR 233
[ =T 0 L= 1= o |1 o P 233

Source

Sets the source of the line. All active analog channels can be used.

If option R&S RTH-B1 is installed, digital channels can also be used as source.
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Remote command:
BUS:SENT:DATA: SOURce on page 475

Polarity
Sets the idle state: "Idle Low" or "Idle High".

Remote command:
BUS:SENT:POLarity on page 475

Threshold, Technology, Find Level
Sets the threshold value for digitization of signals. If the signal value is higher than the
threshold, the signal state is high. Otherwise, the signal state is considered low.

You can select the threshold voltages for various technologies in the "Technology" list,
or set a user-defined value in "Threshold". You can also let the instrument set the
appropriate threshold using "Find Level".

Changing the thresholds in the bus configuration changes also the thresholds of ana-
log channels in the "Vertical" menu, or the thresholds of logic channels in the "Logic"
menu.

Remote command:

BUS:SENT:DATA:THReshold on page 475
BUS:SENT:TECHnology on page 475
BUS:SETReflevels on page 427
CHANnel<m>:THReshold:FINDlevel on page 304

Clock Period
Sets the transmitter-specific nominal clock period (clock tick).

The clock period and signal length determine the speed of transmission.

Remote command:
BUS:SENT:CLKPeriod on page 476

Clock Tolerance
Specifies a tolerated deviation of the clock.

Remote command:
BUS:SENT:CLKTolerance on page 476

Ser. Message Format
Selects the protocol format in the transmitted signal.

"Short" Short serial messages.
"Enhanced" Enhanced serial messages.
"None" No serial messages. Transmission sequences only.

Remote command:
BUS:SENT:SFORmat on page 477

Data Nibbles
Sets the number of data units in a single transmission sequence.

The maximum number of data nibbles is 6.
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Remote command:
BUS:SENT:DNIBbles on page 476

Pause Pulse
Determines whether a pause pulse is transmitted after the checksum nibble.

You can use this pulse to create a transmission with a constant number of clock ticks.
The pause pulse length can be between a minimum of 12 clock ticks up to 768 (3*256)
ticks at a maximum.

llNoll
No pause pulse between the transmission sequences.

"Yes" Pause pulse with fixed length at the end of each transmission
sequence.
The R&S RTH computes the length of the pause pulse automatically.

"Constant frame length"
Pause pulse with dynamic length to maintain a fixed transmission
sequence length.
To define the constant frame length, set the number of clock ticks
under "Frame Length" on page 233.

Remote command:
BUS:SENT:PPULse on page 477

CRC Calculation
Selects the method for CRC calculation.

SENT CRC calculates the checksum over all nibbles except the communication and
status nibble.

"SAE_J2716"  Calculates the CRC according to the SAE standard.

"TLE_4998X"  Calculates the CRC according to the standard computing method for
Infineon TLE_4998X sensors.

Remote command:
BUS:SENT:CRCMethod on page 476

CRC Version
Selects the version the CRC check is based on.

"Legacy" Based on the CRC calculation version used earlier than 2010.
"v2010, v2016" Based on the recent CRC calculation version updated in 2010/2016.

Remote command:
BUS:SENT:CRCVersion on page 476

Frame Length
Determines the frame length in terms of ticks. The dialog displays this settings parame-
ter, if the signal has a constant frame length.

Remote command:
BUS:SENT:PPFLength on page 477
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9.7.3 SENT Trigger Settings

Access: [Setup] ([Trigger]) > "Trigger type" = "Bus"

Trigger kode

Auto

Trigger Type

Bus

SENT Trigger

start of frame

Holdoff Mode

Off

Noise Reject
STt I I o o = USSR 234
] =Y (U ES R = 11 (Y TR 235
] =Y LU ER R U= F= (o o TR 235
(D F=) r= T =1 (=] o o 1R 235
Data REIAtioN.........iiiiieiiec e e e eraaas 235
Lo LY g 1= gl =Y (=] o o PRSP POSRUUPR 235
Identifer ReIATION. ......cuuu e e e s 236
SYNC PUISE EFTON ... ittt e e e b e e e e nnee 236
U Yol =T uTo o I = 5 o 236
[ T O O = o N 236
] (o A O3 O3 =1 o T 236
[ =T 0 L= =T T 1 g =t o 236
SENT Trigger

Sets the SENT trigger type. Depending on the selected value, different additional
parameters are available.

"Start of Frame"
Triggers at the end of the synchronization/calibration pulse.

"Fast status"
Sets the trigger to a specific status or a specific pattern from the fast
channel.

"Fast status and data"
Sets the trigger to a combination of status and data condition from the
fast channel. Triggers at the end of the last data nibble.

"Slow Identifier"
Sets the trigger to a specific identifier or a specific pattern from the
slow channel. The instrument triggers at the end of the last transmis-
sion sequence which includes the last serial bits of the slow channel.
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"Slow Identifier and Data"
Sets the trigger to a combination of identifier and data condition from
the slow channel. The instrument triggers at the end of the last trans-
mission sequence which includes the last serial bits of the slow chan-
nel.

"Error condition"
Identifies various errors in the frame. You can select one or more
error types as the trigger condition.

Remote command:
TRIGger:SENT:TYPE on page 478

Status Pattern
Specifies the status pattern to be found, in binary or hex format. Enter the pattern in
MSB first bit order.

See also Chapter 3.6.12.1, "Pattern Definition", on page 70.

Remote command:
TRIGger:SENT:STATus on page 479

Status Relation
Defines how the specified status pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Remote command:
TRIGger:SENT:SCONdition on page 479

Data Pattern
Specifies the data pattern to be found, in binary or hex format. Enter the pattern in
MSB first bit order.

See also Chapter 3.6.12.1, "Pattern Definition", on page 70.

Remote command:
TRIGger:SENT:DATA on page 478

Data Relation
Defines how the specified data pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Remote command:
TRIGger:SENT:DCONdition on page 478

Identifier Pattern
Specifies the identifier pattern to be found, in binary or hex format. Enter the pattern in
MSB first bit order.

See also Chapter 3.6.12.1, "Pattern Definition", on page 70.

Remote command:
TRIGger:SENT:IDENtifier on page 479
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Identifer Relation
Defines how the specified identifier pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Remote command:
TRIGger:SENT:ICONdition on page 479

Sync Pulse Error
Detects a synchronization/calibration pulse error in transmission sequences of the fast
channel. An error occurs when:

® The duration of the synchronization/calibration pulse (in ticks) is less than 56*(1-
clock tolerance) or more than 56*(1+clock tolerance).

® The synchronization/calibration pulse duration of frame (n—1) varies by more than
1.5625% from the calibration/sync pulse duration of frame (n).

Remote command:
TRIGger:SENT:PULSeerror on page 480

Pulse Period Error
Detects an error in the calibration/sync pulse in transmission sequences of the fast
channel. An error occurs when a nibble has any of the following:

® Number of ticks at low is fewer than 4 ticks.
® Nibble value< 0 (fewer than 12 ticks) or > 15 (more than 27 ticks).

Through the pulse period error, you can also identify a nibble length error of the previ-
ous transmission sequence.

Remote command:
TRIGger:SENT:PPERioderror on page 480

Fast CRC Error
Detects a checksum error in the transmission sequences of the fast channel. The CRC
length is 4 bits.

Remote command:
TRIGger:SENT:FCRCerror on page 479

Slow CRC Error
Detects a checksum error in serial messages of the slow channel. The CRC length is 4
bits for short serial messages, and 6 bit of enhanced serial messages.

Remote command:
TRIGger:SENT:SCRCerror on page 480

Frame Length Error
Detects frame length errors in transmission sequences when Pause Pulse is set to
"Constant frame length".

A frame length error occurs, when the total length of the transmission sequence
(including pause pulse) does not match the Frame Length.

Remote command:
TRIGger:SENT:IRFLength on page 480
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SENT Label List

For all protocols using ID or address identification, it is possible to create label lists
containing addresses or IDs, a symbolic name for each node (symbolic label), and
some protocol-specific information.

You can load label lists, and activate its usage for decoding. As a result, an additional
"Label" column appears in the "Decode results" table, containing the symbolic label.
The frame captions of the decoded signal show the symbolic label instead of the ID or
address values. Hence it is easy to identify the messages of the different bus nodes.

You can also use the label list to trigger on an identifier or address. Instead of entering
the value, you select the name, which is defined in the label list.

SENT label lists provide a useful way of translating the decoded data into user format.
The label lists are highly customizable. The format of supplying the label list description
is through a . xm1 file and is explained with an example, see "Label list structure for
SENT protocol" on page 237.

For general information on the "Label List" tab, see Chapter 9.1.3, "Label Lists",
on page 178.

Label list structure for SENT protocol

<sb:FRAME NAME="Diagnostic Error Codes" STATE="ON">
<!-- Start of a Frame Definition -->
<!-- This block defines the information of a Transmission Sequence
or Serial Message:
NAME => Symbolic Label of the Frame
STATE [ON/OFF] => When ON, this frame Translation is taken into consideration.
When OFF, this frame Translation is skipped.-->
<sb:DESCRIPTION> used to diagnose the current SENT System</sb:DESCRIPTION>
<!-- Doesn't affect the Translation -->
<sb:ID-VALUE>01</sb:ID-VALUE>
<!-- ID Value of the Serial Message (in decimal) -->
<!-- Absence of the ID-VALUE field implies that the current Frame Translation
is to be used for Transmission Sequences and not for a Serial Message -->
<sb:ID-LENGTH>8</sb:ID-LENGTH>
<!-- ID Length of the Serial Message (in bits) -->
<sb:DATA-SIZE>12</sb:DATA-SIZE>
<!-- Data Length of the Serial Message (in bits) -->
<sb:SIGNALS>
<!-- This block defines the information of the Signals embedded
in the Data Field of the Frame (Transmission Sequence or Serial Message) -->
<sb:SIGNAL ID="Diagnostic">
<!-- Unique ID of the Signal (no effect on Translation) -->
<sb:SHORT-NAME>Diagnostic Code</sb:SHORT-NAME>
<!-- Name of the Signal -->
<sb:DESCRIPTION></sb:DESCRIPTION>

<!-- Info Field (no effect on Translation) -->
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<sb:BIT-POSITION>11</sb:BIT-POSITION>
<!-- Ending Bit position of the Signal
(The whole Data Field is represented as MSB -> LSB Sequence) -->
<sb:BIT-LENGTH>12</sb:BIT-LENGTH>

<!-- Number of Bits representing the Signal Value -->
<sb:BYTE-ORDER>MSB</sb:BYTE-ORDER>
<!-- Byte Order of the Signal Value [MSB or LSB], Default: MSB -->

<sb:VALUE-TYPE>ENUM</sb:VALUE-TYPE>
<!-- Representation of the Bits [ENUM, UNSIGNED INT, INT, FLOAT, DOUBLE],
Default: UNSIGNED INT
The Signal Value is calculated according to the following:
Translated Value = Encoded Value * FACTOR + OFFSET -->
<sb:FACTOR>1.0</sb:FACTOR>
<!-- Signal Factor (decimal value)-->
<sb:0FFSET>0.0</sb:0FFSET>
<!-- Signal Offset (decimal value)-->
<sb:MIN>0</sb:MIN>
<!-- Minimum Signal Value (decimal value) -->
<sb:MAX>4096</sb:MAX>
<!-- Maximum Signal Value (decimal value) -->
<sb:ENUM-VALUES>
<!-- This block is only valid (and taken into consideration)
when the VALUE-TYPE is ENUM
It defines the Enumeration List Translation of the Signal -->
<sb:ENUM INDEX="0" LABEL="No Error"/>
<!-- INDEX is the Enum Value (corresponds to the Signal Value in decimal),
LABEL is the matching Translated Signal Value -->
<sb:ENUM INDEX="1" LABEL="Channel 1 out of range high"/>
</sb:ENUM-VALUES>
<!-- End of Signal Enumeration List Definition -->
</sb:SIGNAL>
<!-- End of a Signal Definition -->
<!-- More Signals can be defined here! -->
</sb:SIGNALS>
<!-- End of list of Signals Definition -->
</sb:FRAME>

<!-- End of Frame Definition -->

For an example to label list translation, see Chapter 9.7.4.1, "SENT Label List Transla-
tion Example", on page 239.
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Figure 9-42: SENT decode results with label list translation

Remote command:

BUS: SENT: FRAMe<m>: SYMBo1? on page 485

9.7.4.1 SENT Label List Translation Example

The example shows the xm1 sequence for a label list translation in the SENT protocol:

|
User Manual 1326.1578.02 — 12 239



SENT (Option R&S RTH-K10)

<?xml version="1.0" encoding="UTF-8"?>
<sb:LABEL-LIST-FILE>
<sb:PROJECT ID="SENT-TRANSLATION SYSTEM">
<sb:SHORT-NAME>SENT</sb: SHORT-NAME>
<sb:LONG-NAME>SENT-Translation System Demo</sb:LONG-NAME>
<sb:DESCRIPTION>This is the database for Translation demo for SENT.</sb:DESCRIPTION>
</sb:PROJECT>
<sb:FRAMES>
<sb:FRAME NAME="Air Temperature" STATE="ON">
<sb:DESCRIPTION></sb:DESCRIPTION>
<sb:ID-VALUE>0</sb:ID-VALUE>
<sb:ID-LENGTH>4</sb:ID-LENGTH>
<sb:DATA-SIZE>16</sb:DATA-SIZE>
</sb:FRAME>
<sb:FRAME NAME="Humidity" STATE="OFF">
<sb:DESCRIPTION></sb:DESCRIPTION>
<sb:ID-VALUE>2</sb:ID-VALUE>
<sb:ID-LENGTH>4</sb:ID-LENGTH>
<sb:DATA-SIZE>16</sb:DATA-SIZE>
</sb:FRAME>
<sb:FRAME NAME="Barometric Pressure" STATE="OFF">
<sb:DESCRIPTION></sb:DESCRIPTION>
<sb:ID-VALUE>4</sb:ID-VALUE>
<sb:ID-LENGTH>4</sb:ID-LENGTH>
<sb:DATA-SIZE>16</sb:DATA-SIZE>
</sb:FRAME>
<sb:FRAME NAME="Configuration Code" STATE="OFF">
<sb:DESCRIPTION></sb:DESCRIPTION>
<sb:ID-VALUE>04</sb:ID-VALUE>
<sb:ID-LENGTH>8</sb:ID-LENGTH>
<sb:DATA-SIZE>12</sb:DATA-SIZE>
</sb:FRAME>
<sb:FRAME NAME="Manufacturer Code" STATE="OFF">
<sb:DESCRIPTION></sb:DESCRIPTION>
<sb:ID-VALUE>05</sb:ID-VALUE>
<sb:ID-LENGTH>8</sb:ID-LENGTH>
<sb:DATA-SIZE>12</sb:DATA-SIZE>
</sb:FRAME>
<sb:FRAME NAME="Sensor Type" STATE="ON">
<sb:DESCRIPTION>specifies the SENT Sensor Type</sb:DESCRIPTION>
<sb:ID-VALUE>03</sb:ID-VALUE>
<sb:ID-LENGTH>8</sb:ID-LENGTH>
<sb:DATA-SIZE>12</sb:DATA-SIZE>
<sb:SIGNALS>
<sb:SIGNAL ID="Sensor Class">
<sb:SHORT-NAME>Sensor Class</sb:SHORT-NAME>
<sb:BIT-POSITION>11</sb:BIT-POSITION>
<sb:BIT-LENGTH>12</sb:BIT-LENGTH>
<sb:BYTE-ORDER>MSB</sb:BYTE-ORDER>
<sb:VALUE-TYPE>ENUM</sb:VALUE-TYPE>
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<sb:FACTOR>1.0</sb:FACTOR>
<sb:0OFFSET>0.0</sb:0FFSET>
<sb:MIN>0</sb:MIN>
<sb:MAX>32.0</sb:MAX>
<sb:ENUM-VALUES>
<sb:ENUM INDEX="0" LABEL="Not Specified"/>
<sb:ENUM INDEX="1" LABEL="P"/>
<sb:ENUM INDEX="2" LABEL="P/-"/>
<sb:ENUM INDEX="3" LABEL="P/S"/>
<sb:ENUM INDEX="4" LABEL="P/S/Default T"/>
<sb:ENUM INDEX="5" LABEL="P/S/Sensor-Specific T"/>
<sb:ENUM INDEX="6" LABEL="P1/P2"/>
<sb:ENUM INDEX="7" LABEL="P/Default T"/>
<sb:ENUM INDEX="8" LABEL="P/Sensor-Specific T"/>
<sb:ENUM INDEX="9" LABEL="P1/P2/Default T"/>
<sb:ENUM INDEX="10" LABEL="P1/P2/Sensor-Specific T"/>
<sb:ENUM INDEX="16" LABEL="Not Defined"/>
<sb:ENUM INDEX="17" LABEL="MAF (hi-res,lin)"/>
<sb:ENUM INDEX="18" LABEL="MAF (hi-res,non-1lin)"/>
<sb:ENUM INDEX="19" LABEL="MAF (hi-res,lin) / Pressure"/>
<sb:ENUM INDEX="20" LABEL="MAF (hi-res,non-1lin) / Pressure"/>
<sb:ENUM INDEX="21" LABEL="MAF (lin) / Pressure (hi-res)"/>
<sb:ENUM INDEX="22" LABEL="MAF (non-1lin) / Pressure (hi-res)"/>
</sb:ENUM-VALUES>
</sb:SIGNAL>
</sb:SIGNALS>
</sb:FRAME>
<sb:FRAME NAME="SENT Standard Revision" STATE="ON">
<sb:SHORT-NAME>SENT Standard</sb:SHORT-NAME>
<sb:DESCRIPTION>specifies the SENT Standard Revision Number</sb:DESCRIPTION>
<sb:ID-VALUE>10</sb:ID-VALUE>
<sb:ID-LENGTH>4</sb:ID-LENGTH>
<sb:DATA-SIZE>8</sb:DATA-SIZE>
<sb:SIGNALS>
<sb:SIGNAL ID="Revision">
<sb:SHORT-NAME>Revision</sb:SHORT-NAME>
<sb:DESCRIPTION>SENT-Standard Revision Number</sb:DESCRIPTION>
<sb:BIT-POSITION>7</sb:BIT-POSITION>
<sb:BIT-LENGTH>8</sb:BIT-LENGTH>
<sb:BYTE-ORDER>MSB</sb:BYTE-ORDER>
<sb:VALUE-TYPE>ENUM</sb:VALUE-TYPE>
<sb:FACTOR>1.0</sb:FACTOR>
<sb:0FFSET>0.0</sb:0FFSET>
<sb:MIN>0</sb:MIN>
<sb:MAX>4.0</sb:MAX>
<sb:ENUM-VALUES>
<sb:ENUM INDEX="0" LABEL="Not defined"/>
<sb:ENUM INDEX="1" LABEL="J2716 Rev 1"/>
<sb:ENUM INDEX="2" LABEL="J2716 Rev 2"/>
<sb:ENUM INDEX="3" LABEL="J2716 Rev 3"/>
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</sb:ENUM-VALUES>
</sb:SIGNAL>
</sb:SIGNALS>
</sb:FRAME>
<sb:FRAME NAME="Diagnostic Error Codes" STATE="ON">
<sb:DESCRIPTION>used to diagnose the current SENT System</sb:DESCRIPTION>
<sb:ID-VALUE>01</sb:ID-VALUE>
<sb:ID-LENGTH>8</sb:ID-LENGTH>
<sb:DATA-SIZE>12</sb:DATA-SIZE>
<sb:SIGNALS>
<sb:SIGNAL ID="Diagnostic">
<sb:SHORT-NAME>Diagnostic Code</sb:SHORT-NAME>
<sb:DESCRIPTION></sb:DESCRIPTION>
<sb:BIT-POSITION>11</sb:BIT-POSITION>
<sb:BIT-LENGTH>12</sb:BIT-LENGTH>
<sb:BYTE-ORDER>MSB</sb:BYTE-ORDER>
<sb:VALUE-TYPE>ENUM</sb:VALUE-TYPE>
<sb:FACTOR>1.0</sb:FACTOR>
<sb:0FFSET>0.0</sb:0FFSET>
<sb:MIN>0</sb:MIN>
<sb:MAX>4096</sb:MAX>
<sb:ENUM-VALUES>
<sb:ENUM INDEX="0" LABEL="No Error"/>
<sb:ENUM INDEX="1" LABEL="Channel 1 out of range high"/>
<sb:ENUM INDEX="2" LABEL="Channel 1 out of range low"/>
<sb:ENUM INDEX="3" LABEL="Initialization Error (Channel 1)"/>
<sb:ENUM INDEX="4" LABEL="Channel 2 out of range high"/>
<sb:ENUM INDEX="5" LABEL="Channel 2 out of range low"/>
<sb:ENUM INDEX="6" LABEL="Initialization Error (Channel 2)"/>
<sb:ENUM INDEX="7" LABEL="Channel 1 and 2 Rationality Error"/>
<sb:ENUM INDEX="1025" LABEL="Slow Channel Temperature out of range high"/>
<sb:ENUM INDEX="1026" LABEL="Slow Channel Temperature out of range low"/>
<sb:ENUM INDEX="1027" LABEL="Slow Channel Temperature initialization error"/>
<sb:ENUM INDEX="1028" LABEL="Slow Channel Humidity out of range high"/>
<sb:ENUM INDEX="1029" LABEL="Slow Channel Humidity out of range low"/>
<sb:ENUM INDEX="1030" LABEL="Slow Channel Humidity initialization error"/>
<sb:ENUM INDEX="1031" LABEL="Slow Channel Barometric Pressure out of range high"/>
<sb:ENUM INDEX="1032" LABEL="Slow Channel Barometric Pressure out of range low"/>
<sb:ENUM INDEX="1033" LABEL="Slow Channel Barometric Pressure initialization error"/>
</sb:ENUM-VALUES>
</sb:SIGNAL>
</sb:SIGNALS>
</sb:FRAME>
<sb:FRAME NAME="Simu-Dual Throttle Position" STATE="ON">
<sb:SHORT-NAME>DTP</sb: SHORT-NAME>
<sb:DATA-SIZE>20</sb:DATA-SIZE>
<sb:SIGNALS>
<sb:SIGNAL ID="Channel 1">
<sb:SHORT-NAME>TPS1</sb: SHORT-NAME>
<sb:DESCRIPTION>""</sb:DESCRIPTION>
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</sb:

SENT (Option R&S RTH-K10)

BIT-POSITION>19</sb:BIT-POSITION>
BIT-LENGTH>12</sb:BIT-LENGTH>
BYTE-ORDER>MSB</sb:BYTE-ORDER>
VALUE-TYPE>UNSIGNED INT</sb:VALUE-TYPE>
FACTOR>1.0</sb:FACTOR>
OFFSET>0.0</sb:0FFSET>

MIN>0</sb:MIN>

MAX>10000.0</sb:MAX>

UNIT></sb:UNIT>

SIGNAL>

<sb:SIGNAL ID="Channel 2">

<sb
<sb
<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
</sb:

: SHORT-NAME>TPS2</sb: SHORT-NAME>
:DESCRIPTION>""</sb:DESCRIPTION>

BIT-POSITION>7</sb:BIT-POSITION>
BIT-LENGTH>8</sb:BIT-LENGTH>
BYTE-ORDER>LSB</sb:BYTE-ORDER>
FACTOR>1.0</sb:FACTOR>
OFFSET>0.0</sb:0FFSET>
MIN>0</sb:MIN>
MAX>10000.0</sb:MAX>
UNIT></sb:UNIT>

SIGNAL>

</sb:SIGNALS>

</sb:FRAME>
<sb:FRAME NAME="Dual Throttle Position" STATE="OFF">
<sb:SHORT-NAME>DTP</sb: SHORT-NAME>
<sb:DATA-SIZE>24</sb:DATA-SIZE>

<sb:SIGNALS>

<sb:SIGNAL ID="Channel 1">

<sb:
<sb
<sb
<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
</sb:

SHORT-NAME>TPS1</sb: SHORT-NAME>

:DESCRIPTION>""</sb:DESCRIPTION>
:BIT-POSITION>23</sb:BIT-POSITION>

BIT-LENGTH>12</sb:BIT-LENGTH>
BYTE-ORDER>MSB</sb:BYTE-ORDER>
VALUE-TYPE>UNSIGNED INT</sb:VALUE-TYPE>
FACTOR>1.0</sb:FACTOR>
OFFSET>0.0</sb:0FFSET>

MIN>0</sb:MIN>

MAX>10000.0</sb:MAX>

UNIT></sb:UNIT>

SIGNAL>

<sb:SIGNAL ID="Channel 2">

<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
<sb:

<sb:

SHORT-NAME>TPS2</sb: SHORT-NAME >
DESCRIPTION>""</sb:DESCRIPTION>
BIT-POSITION>11</sb:BIT-POSITION>
BIT-LENGTH>12</sb:BIT-LENGTH>
BYTE-ORDER>LSB</sb:BYTE-ORDER>
FACTOR>1.0</sb:FACTOR>
OFFSET>0.0</sb:0FFSET>
MIN>0</sb:MIN>
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<sb:MAX>10000.0</sb:MAX>
<sb:UNIT></sb:UNIT>
</sb:SIGNAL>
</sb:SIGNALS>
</sb:FRAME>
<sb:FRAME NAME="Mass Air Flow (16)" STATE="OFF">
<sb:SHORT-NAME>MAF/P</sb:SHORT-NAME>
<sb:DATA-SIZE>24</sb:DATA-SIZE>
<sb:SIGNALS>
<sb:SIGNAL ID="Channel 1">
<sb:SHORT-NAME>MAF</sb:SHORT-NAME>
<sb:DESCRIPTION>""</sb:DESCRIPTION>
<sb:BIT-POSITION>23</sb:BIT-POSITION>
<sb:BIT-LENGTH>16</sb:BIT-LENGTH>
<sb:BYTE-ORDER>MSB</sb:BYTE-ORDER>
<sb:FACTOR>1.0</sb:FACTOR>
<sb:0FFSET>0.0</sb:0FFSET>
<sb:MIN>0</sb:MIN>
<sb:MAX>10000.0</sb:MAX>
<sb:UNIT></sb:UNIT>
</sb:SIGNAL>
</sb:SIGNALS>
</sb:FRAME>
<sb:FRAME NAME="Mass Air Flow (16/8)" STATE="OFF">
<sb:SHORT-NAME>MAF/P</sb:SHORT-NAME>
<sb:DATA-SIZE>24</sb:DATA-SIZE>
<sb:SIGNALS>
<sb:SIGNAL ID="Channel 1">
<sb:SHORT-NAME>MAF</sb:SHORT-NAME>
<sb:DESCRIPTION>""</sb:DESCRIPTION>
<sb:BIT-POSITION>23</sb:BIT-POSITION>
<sb:BIT-LENGTH>16</sb:BIT-LENGTH>
<sb:BYTE-ORDER>MSB</sb:BYTE-ORDER>
<sb:FACTOR>1.0</sb:FACTOR>
<sb:0FFSET>0.0</sb:0FFSET>
<sb:MIN>0</sb:MIN>
<sb:MAX>10000.0</sb:MAX>
<sb:UNIT></sb:UNIT>
</sb:SIGNAL>
<sb:SIGNAL ID="Channel 2">
<sb:SHORT-NAME>Pressure</sb:SHORT-NAME>
<sb:DESCRIPTION>""</sb:DESCRIPTION>
<sb:BIT-POSITION>7</sb:BIT-POSITION>
<sb:BIT-LENGTH>8</sb:BIT-LENGTH>
<sb:BYTE-ORDER>LSB</sb:BYTE-ORDER>
<sb:FACTOR>1.0</sb:FACTOR>
<sb:0FFSET>0.0</sb:0FFSET>
<sb:MIN>0</sb:MIN>
<sb:MAX>10000.0</sb:MAX>
<sb:UNIT></sb:UNIT>



</sb:
</sb:S

SENT (Option R&S RTH-K10)

SIGNAL>
IGNALS>

</sb:FRAME>

<sb:FRAME NAME="Mass Air Flow (14/10)" STATE="OFF">
<sb:SHORT-NAME>MAF/P</sb: SHORT-NAME>
<sb:DATA-SIZE>24</sb:DATA-SIZE>

<sb:SI

GNALS>

<sb:SIGNAL ID="Channel 1">

<sb:
<sb:
<sb:
<sb
<sb
<sb:
<sb:
<sb:
<sb:
<sb:
</sb:

SHORT-NAME>MAF</sb : SHORT -NAME >
DESCRIPTION>""</sb:DESCRIPTION>
BIT-POSITION>23</sb:BIT-POSITION>

:BIT-LENGTH>14</sb:BIT-LENGTH>
:BYTE-ORDER>MSB</sb:BYTE-ORDER>

FACTOR>1.0</sb:FACTOR>
OFFSET>0.0</sb:0FFSET>
MIN>0</sb:MIN>
MAX>10000.0</sb:MAX>
UNIT></sb:UNIT>
SIGNAL>

<sb:SIGNAL ID="Channel 2">

<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
</sb:

SHORT-NAME>Pressure</sb: SHORT-NAME>
DESCRIPTION>""</sb:DESCRIPTION>
BIT-POSITION>9</sb:BIT-POSITION>
BIT-LENGTH>10</sb:BIT-LENGTH>
BYTE-ORDER>LSB</sb:BYTE-ORDER>
FACTOR>1.0</sb:FACTOR>
OFFSET>0.0</sb:0FFSET>
MIN>0</sb:MIN>
MAX>10000.0</sb:MAX>
UNIT></sb:UNIT>

SIGNAL>

</sb:SIGNALS>

</sb:FRAME>
<sb:FRAME NAME="Single Secure Sensor" STATE="OFF">
<sb:SHORT-NAME>SSS</sb: SHORT-NAME>
<sb:DATA-SIZE>24</sb:DATA-SIZE>
<sb:SIGNALS>
<sb:SIGNAL ID="Channel 1">

<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
</sb:

SHORT-NAME>Ch1</sb: SHORT-NAME>
DESCRIPTION>""</sb:DESCRIPTION>
BIT-POSITION>23</sb:BIT-POSITION>
BIT-LENGTH>12</sb:BIT-LENGTH>
BYTE-ORDER>MSB</sb:BYTE-ORDER>
FACTOR>1.0</sb:FACTOR>
OFFSET>0.0</sb:0FFSET>
MIN>0</sb:MIN>
MAX>10000.0</sb:MAX>
UNIT></sb:UNIT>

SIGNAL>

<sb:SIGNAL ID="Channel 2">
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<sb:SHORT-NAME>Counter</sb:SHORT-NAME>
<sb:DESCRIPTION>""</sb:DESCRIPTION>
<sb:BIT-POSITION>11</sb:BIT-POSITION>
<sb:BIT-LENGTH>8</sb:BIT-LENGTH>
<sb:BYTE-ORDER>MSB</sb:BYTE-ORDER>
<sb:FACTOR>1.0</sb:FACTOR>
<sb:0FFSET>0.0</sb:0FFSET>
<sb:MIN>0</sb:MIN>
<sb:MAX>256.0</sb:MAX>
<sb:UNIT></sb:UNIT>
</sb:SIGNAL>
</sb:SIGNALS>
</sb:FRAME>
<sb:FRAME NAME="Pressure Sensor" STATE="OFF">
<sb:SHORT-NAME>P</sb:SHORT-NAME>
<sb:DATA-SIZE>24</sb:DATA-SIZE>
<sb:SIGNALS>
<sb:SIGNAL ID="Channel 1">
<sb:SHORT-NAME>Pressurel</sb:SHORT-NAME>
<sb:DESCRIPTION>""</sb:DESCRIPTION>
<sb:BIT-POSITION>23</sb:BIT-POSITION>
<sb:BIT-LENGTH>12</sb:BIT-LENGTH>
<sb:BYTE-ORDER>MSB</sb:BYTE-ORDER>
<sb:FACTOR>1.0</sb:FACTOR>
<sb:0FFSET>0.0</sb:0FFSET>
<sb:MIN>0</sb:MIN>
<sb:MAX>10000.0</sb:MAX>
<sb:UNIT></sb:UNIT>
</sb:SIGNAL>
<sb:SIGNAL ID="Channel 2">
<sb:SHORT-NAME>Pressure2</sb:SHORT-NAME>
<sb:DESCRIPTION>""</sb:DESCRIPTION>
<sb:BIT-POSITION>11</sb:BIT-POSITION>
<sb:BIT-LENGTH>12</sb:BIT-LENGTH>
<sb:BYTE-ORDER>LSB</sb:BYTE-ORDER>
<sb:FACTOR>1.0</sb:FACTOR>
<sb:0FFSET>0.0</sb:0FFSET>
<sb:MIN>0</sb:MIN>
<sb:MAX>10000.0</sb:MAX>
<sb:UNIT></sb:UNIT>
</sb:SIGNAL>
</sb:SIGNALS>
</sb:FRAME>
<sb:FRAME NAME="Pressure and Temperature Sensor" STATE="OFF">
<sb:SHORT-NAME>P/T</sb:SHORT-NAME>
<sb:DATA-SIZE>24</sb:DATA-SIZE>
<sb:SIGNALS>
<sb:SIGNAL ID="Channel 1">
<sb:SHORT-NAME>Pressure</sb:SHORT-NAME>
<sb:DESCRIPTION>""</sb:DESCRIPTION>



<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
</sb:

SENT (Option R&S RTH-K10)

BIT-POSITION>23</sb:BIT-POSITION>
BIT-LENGTH>12</sb:BIT-LENGTH>
BYTE-ORDER>MSB</sb:BYTE-ORDER>
FACTOR>1.0</sb:FACTOR>
OFFSET>0.0</sb:0FFSET>
MIN>0</sb:MIN>
MAX>10000.0</sb:MAX>
UNIT></sb:UNIT>

SIGNAL>

<sb:SIGNAL ID="Channel 2">

<sb:
<sb
<sb
<sb:
<sb:
<sb:
<sb:
<sb
<sb:
<sb:
</sb:

SHORT-NAME>Temperature</sb:SHORT-NAME>

:DESCRIPTION>""</sb:DESCRIPTION>
:BIT-POSITION>11</sb:BIT-POSITION>

BIT-LENGTH>12</sb:BIT-LENGTH>
BYTE-ORDER>LSB</sb:BYTE-ORDER>
FACTOR>1.0</sb:FACTOR>
OFFSET>0.0</sb:0FFSET>

:MIN>0</sb:MIN>

MAX>10000.0</sb:MAX>
UNIT></sb:UNIT>
SIGNAL>

</sb:SIGNALS>
</sb:FRAME>
<sb:FRAME NAME="Pressure and Secure Sensor" STATE="OFF">
<sb:SHORT-NAME>P/S</sb: SHORT-NAME>
<sb:DATA-SIZE>24</sb:DATA-SIZE>

<sb:SIGNALS>

<sb:SIGNAL ID="Channel 1">

<sb:
<sb:
<sb
<sb
<sb:
<sb:
<sb:
<sb:
<sb:
<sb:
</sb:

SHORT-NAME>Pressure</sb: SHORT-NAME>
DESCRIPTION>""</sb:DESCRIPTION>

:BIT-POSITION>23</sb:BIT-POSITION>
:BIT-LENGTH>12</sb:BIT-LENGTH>

BYTE-ORDER>MSB</sb:BYTE-ORDER>
FACTOR>1.0</sb:FACTOR>
OFFSET>0.0</sb:0FFSET>
MIN>0</sb:MIN>
MAX>10000.0</sb:MAX>
UNIT></sb:UNIT>

SIGNAL>

<sb:SIGNAL ID="Channel 2">

<sb:
<sb:
<sb:
<sb:
<sb
<sb:
<sb:
<sb:
<sb:
<sb:

SHORT-NAME>Counter</sb:SHORT-NAME>
DESCRIPTION>""</sb:DESCRIPTION>
BIT-POSITION>11</sb:BIT-POSITION>
BIT-LENGTH>8</sb:BIT-LENGTH>

:BYTE-ORDER>MSB</sb:BYTE-ORDER>

FACTOR>1.0</sb:FACTOR>
OFFSET>0.0</sb:0FFSET>
MIN>0</sb:MIN>
MAX>10000.0</sb:MAX>
UNIT></sb:UNIT>
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</sb:SIGNAL>
</sb:SIGNALS>
</sb:FRAME>
</sb:FRAMES>
</sb:LABEL-LIST-FILE>

9.7.5 SENT Decode Results

This chapter describes the comb display and the decode results table of decoded
SENT buses. Basic information on decoding and display of decode results is given in
Chapter 9.1.2, "Decode Results", on page 173.

SENT  Source [&] 10ms/ §f KW sngl Stop 45 N%Z

rial Msg: 93h
¥ C:20h |

& 200 /ol B

Figure 9-43: Comb display of a decoded SENT signal, triggered on slow ID
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SENT  Source [] RF B sngl stop 43 %5

x5.0

S
4200yl - B

Figure 9-44: Comb display of a decoded SENT signal, triggered on fast CRC

The color-coding of the various protocol sections and errors simplifies the interpretation
of the visual display.

Table 9-12: Color codes of decoded SENT signals

Color, display element Description

Green brackets [...] Start and end of frame

Green frame header Data frame. Text indicates the frame ID (hex).

Magenta comb Pause pulse field

Blue comb Sync/ calibration field

Yellow comb Identifier

Violet comb CRC checksum

Cyan comb Data bytes

Red Error in frame, CRC error, nibble length error, pulse period error, frame
length error, incomplete frame

In "Protocol" mode, decoded data is shown in tabular form. The fast channel messages
and the slow channel messages are shown in separate tables.

e
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SENT  Source [&] 1ms/ §f KW Sngl  Stop 45 “iteae

Fast Frame Status Values CRC
Start [bin] 4 bit [hex] [hex]
-5.001 ms D 4 Incomplete
-2.385ms 0011 3FBCCC B Ok
-1.105ms| 0011 [3FACD | Nibble Len. Err
+175ps | 0000 2544A4 Ok
+1.455ms | 0000 0C6C15 Ok
+2.735ms | 0000 F3EF16 CRC Error
+4015ms | 0000 DCF48 Incomplete

State

157 279.892 ) [ 280.096 [@I2h[Sh4R[ahIARIAR] Fh  60Ticks | 280.140

x3.4
o i O

Figure 9-45: Table display of a decoded SENT signal, triggered on pulse period error

Table 9-13: Content of the protocol table for decoded SENT signal

Column Description

# Frame index

Frame start Time of frame start

Status Status value

ID [hex] Identifier value, hexadecimal value

Values 8 bit [format] Values of data bytes. The data format is selected in the "Bus" menu.

CRC [bin] CRC sequence value

State Overall state of the frame.
"Incomplete” indicates that the frame is not contained completely in the
acquisition. Change the time scale, or move the reference point to the left to
get a longer acquisition.

Remote control commands are described in Chapter 15.11.7.3, "SENT Decode
Results", on page 480.
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10 Logic Analyzer (R&S RTH-B1 MSO)

The Mixed Signal Option R&S RTH-B1 adds logic analyzer functions to the classical
oscilloscope functions. Using the logic analyzer, you can analyze and debug embed-
ded systems with mixed-signal designs that use analog signals and time-correlated
digital signals simultaneously. The option provides a logic probe with 8 logic channels.
The instrument ensures that analog and digital waveforms are time-aligned and
synchronized so that critical timing interactions between analog and digital signals can
be displayed and tested.

Each logic channel can be displayed on the screen and used as trigger source.

» To activate the logic analyzer, shortly press the [LOGIC] key.
To disable, press [LOGIC] again.

» To configure logic channels, press and hold the [LOGIC] key until the "Logic" menu
opens.

To scale and move the logic channels vertically:
1. If the logic channels are not focused, press the [LOGIC] key to set the focus.

2. Press the vertical [RANGE] and [POS] keys.

10.1 Logic Analyzer Settings

Access: "Logic" menu
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Logic Channels T

¥isible
01234567

Couple Thresh. _m

Threshold DO - D3
ECL

Hysteresis DO - D3
Large

Threshold D4 - D7
TTL

Hysteresis D4 - D7
hedium

Deskew T

Select Channel
D2
Deskew
3.2 ns

Set all deskews to zero

Logic Channels
Enables or disables the logic channels.

Remote command:
LOGic:STATe on page 486

Visible
By default, all 8 logic channels are displayed. Disable the logic channels that you do
not need for analysis.

Couple Thresh.
Couples the threshold and hysteresis settings for the logic channels.

If enabled, all logic channels use the same threshold and hysteresis settings.

If disabled, 2 channel groups are available, which can use different threshold and hys-
teresis settings: DO - D3, and D4 - D7.

Remote command:
LOGic:THCoupling on page 486

Threshold

Sets the threshold value for the selected channel group, or for all logic channels. For
each acquired sample, the instrument compares the input voltage with the threshold

value. If the input voltage is above the threshold, the signal state "1" is stored. Other-
wise, the signal state "0" is stored if the input voltage is below the threshold.
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You can set the digital threshold in several ways:

® The same threshold and hysteresis are used for all logic channels: Enable "Thresh-
old" and set the values for channels DO - D3, and D4 - D7.

e Different thresholds and hysteresis are used for individual channel groups: Disable
"Threshold" and set the threshold and hysteresis for each group.

You can select the threshold voltages for various types of integrated circuits in the list,
or set a user-defined value.

"TTL" 14V
"ECL" -1.3V
"CMOS" 25V
"GND" 0 V (for CAN channels, requires option R&S RTH-K3)
"CAN" 2V (for CAN channels, requires option R&S RTH-K3)

"7V Supply" 7'V (for LIN channels, requires option R&S RTH-K3)
"12 V Supply" 12V (for LIN channels, requires option R&S RTH-K3)
"18 V Supply" 18 V (for LIN channels, requires option R&S RTH-K3)

Remote command:
LOGic:GROup<m>:TECHnology on page 486
LOG1ic:GROup<m>:USER on page 487

Hysteresis

Hysteresis avoids the change of signal states due to noise oscillation around the
threshold level. Set a small hysteresis for clean signals, and large hysteresis for noisy
signals.

Threshold ‘\//N’W i Hysteresis
| \/W
|

Logic 0 Logic 1 Logic 0

Remote command:
L,0Gic:GROup<m>:HYSTeresis on page 488

Deskew
Enables deskewing.

Deskew compensates delays that are known from the circuit specifics or caused by the
different length of cables. The skew between the probe boxes of the digital channels
and the probe connectors of the analog channels is automatically aligned by the instru-
ment.

Select Channel, Deskew

You can set the deskew for all channels of a logic probe at once, or for each logic
channel separately.



Analyzing Logic Channels

Select the channel and enter the deskew value in "Deskew".

Remote command:
1LOGic:CHANnel<m>:DESKew on page 488

Set all Deskews to Zero
Resets all deskew values to zero.

10.2 Triggering on Logic Channels

Each digital channel can be used as trigger source. Using the pattern trigger, you can
trigger on logical combinations of analog and digital channels. Additionally, you can
define a trigger holdoff time.

If you trigger on logic channels, the threshold is used as trigger level. The "Trigger
Level" setting is not available.

The following trigger types are available if the trigger source is a logic channel:

® [Edge
e Glitch
® Width

® Pattern: the pattern can use all active logic channels

e State: the pattern can use all active logic channels

® Data2Clock: only the clock can be a logic channel.

® Serial pattern: clock and data source can be logic channels.

® Timeout
® |nterval
e \Window

All trigger types except for edge, glitch and width require option R&S RTH-K19.

For analysis of serial protocols, you configure the protocol using logic channels as
sources, and trigger on trigger type "Bus". For details, see the chapter describing the
relevant bus.

10.3 Analyzing Logic Channels

The main analysis tools for logic channels are serial protocol analysis ([BUS]), and the
pattern and state triggers.

Furthermore, you can zoom into the display ([ZOOM]).

To measure logic channels, you can use automatic and cursor measurements as
usual. The following measurement types are available:
® Period

® Frequency
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® Positive and negative pulse width

® Positive and negative duty cycle

® Delay (only automatic measurements)
® Phase (only automatic measurements)
® Mean

® Positive and negative pulse count

® Rising and falling edge count

See also Chapter 4.2, "Automatic Measurements", on page 79 and Chapter 4.3, "Cur-
sor Measurements", on page 85.

You can also export the waveform data: [FILE] > "Waveforms"
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11 Frequency Counter (R&S RTH-K33)

The frequency counter is only available if the counter mode option R&S RTH-K33 is
installed.

The R&S RTH measures frequencies in various ways:
® You can use the automatic measurement function in scope mode.

® The FFT analysis mode converts the data into the frequency domain, providing a
spectrum of the input signal (see Chapter 6.1, "FFT Mode", on page 107). During
FFT analysis, the frequency resolution is restricted by the selected data acquisition
settings (channel bandwidth, frequency span, and time scale).

® To determine the frequency of an input signal accurately without changing the data
acquisition settings, the R&S RTH is equipped with a signal counter function. The
signal counter counts the zero crossings of the input signal (thus the term signal
counter) and derives the precise frequency value.

The R&S RTH counter mode option provides two separate counters. One counter can
be used as a reference for the second one, so that the deviation from the reference
value can be compensated for and the frequency becomes more accurate. Alterna-
tively, both counters can measure different input signals.

Using the data logger, you can also store a series of frequency values measured by
the counter over time.

11.1 Accessing the Counter Mode

1. Press the [MODE] key.
e

MODE ‘

2. Select "Counter".

[1[2[3]5)

Counter
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11.2 Display and Control

fManual

I
| Min

. 10.0000000 MHz, | 10.0100118 NIHz| | 10 0200401 NIHz

|

___I____ __'I'___ ____I____

10 0200401 MHz

g 100mvV . - & B

Figure 11-1: Display for basic counter

1 = Measurement state. "Manual": running measurement with manual range; "Hold": stopped measure-
ment

2 = Vertical settings for channel 1 (incl. "Probe Setting")

3 = Vertical settings for channel 2 (incl. "Probe Setting")

4 = Minimum frequency and timestamp

5 = Average frequency

6 = Maximum frequency and timestamp

7 = Currently measured frequency

8 = Bargraph indicating the load level of the A/D converter for the selected measurement range; for val-
ues = 100 %, an overload warning is displayed; for optimal results the load level should be above
20 %;

9 = Counter on/off switch

10 = Used reference (Internal or Counter 2)

11 = Restarts the measurement and resets all values

12+13 = Measurement ranges of active channels

14 = Channel input selection

15 = Counter selection
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fanual

Reference Frequency

10.0000000 mHz

Figure 11-2: Display for reference counter

1 = Measured frequency at basic counter
2 = Measured frequency at reference counter (used as a reference frequency for basic counter)
3 = Counter usage

If both counters are active, you can display both measured counter frequencies at the
same time. When both counter results are displayed simultaneously, only the mea-
sured frequencies and the load bargraphs are displayed. Statistics or additional set-
tings are not available.

|
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. 20160831
Manual 11 4 unn

. 10.0000000 mH

2

Figure 11-3: Display for two counters simultaneously

1. To display both counters, tap the currently highlighted counter selection tab.
2. To return to a single counter display, tap one of the counter selection tabs.
In counter mode, the keys behave slightly different from scope mode:

® The vertical [RANGE] and [POS] keys adjust the measurement range.
® The [MEAS] key opens the "Counter" menu.

¢ The following keys work as usual: [FILE], &3, 21, [PRESET], [MODE], [BACK].

® All other keys do not work.

MeasuremMeENt MOUE.........coouiiii e e e e e e e et e e e e e eaaa e 259
CUITENT RESUIL. ...ttt ettt e ee e et seseseeeeeaaaaaeseseeeeeenns 260
1Y/ T 4T o PR 260
1Y/ D a1 o RSP 260
F Y=Y - To [T UURPPPPPP 260

Measurement Mode

Tap the setting to switch between continuous measurement ("MANUAL") and a single
measurement ("HOLD"). This has the same effect as selecting the [TRIGGER RUN
STOP] key.

For a single measurement, the continuous measurement is stopped and the most
recent value is displayed.

During continuous measurements, the most recent value is preserved and displayed,
while the oldest values are overwritten.

Note: The statistical values are not reset when the measurement is stopped. They are
only reset after you manually select Restart.

|
User Manual 1326.1578.02 — 12 259



11.3

Performing a Counter Measurement

Remote command:

COUNter<m>:SENSe:TRIGger :MODE on page 412
COUNter<m>:INITiate on page 410
COUNter<m>:ABORt on page 407

Current Result
The currently measured counter frequency.

Remote command:

COUNter<m>:READ? on page 411
COUNter<m>:FETCh? on page 409
COUNter<m>:MEASure:FREQuency? on page 410

Minimum

The minimum of all measured counter frequencies since statistics were last restarted.
Remote command:

COUNter<m>:CALCulate:AVERage:MINimum? on page 408
COUNter<m>:CALCulate:AVERage:ALL? on page 407

Maximum

The maximum of all measured counter frequencies since statistics were last restarted.
Remote command:

COUNter<m>:CALCulate:AVERage:MAXimum? on page 408
COUNter<m>:CALCulate:AVERage:ALL? on page 407

Average

The average of all measured counter frequencies since statistics were last restarted.
Remote command:

COUNter<m>:CALCulate:AVERage:AVERage? on page 407
COUNter<m>:CALCulate:AVERage:ALL? on page 407

Performing a Counter Measurement

To perform a basic counter measurement without a reference

1. Before you can perform a counter measurement, adjust the waveforms by editing
the vertical, horizontal, trigger and acquisition settings.

For details see:

e Chapter 3.2, "Vertical Setup", on page 40

e Chapter 3.3, "Horizontal Setup”, on page 45

e Chapter 3.6, "Trigger", on page 50

e Chapter 3.4, "Acquisition Control", on page 46

2. To adjust the instrument settings to the current input signal automatically, press
[AUTOSET].
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3. Select the "Counter" mode.
4. Select the channel to be used as input for the counter.

5. Activate the first (basic) counter.

A continuous measurement starts and the signal counter indicates the measured
frequency. With each new measurement, the statistical values are updated.

6. To start and stop a counter measurement, press the [RUN STOP] key.

7. Optionally, activate a second basic counter.

a) Select the second counter tab.

b) Select the input channel for the counter.

c) Activate the counter.

d) Tap the second counter tab again to display both counter results simultane-
ously.

To perform a counter measurement with a second counter as a reference

1. Before you can perform a counter measurement, adjust the waveforms by editing
the vertical, horizontal, trigger and acquisition settings.

For details see:

Chapter 3.2, "Vertical Setup", on page 40

e Chapter 3.3, "Horizontal Setup", on page 45

e Chapter 3.6, "Trigger", on page 50

e Chapter 3.4, "Acquisition Control", on page 46

2. To adjust the instrument settings to the current input signal automatically, press
[AUTOSET].

Select the "Counter" mode.
Select the "Counter" menu.
Select the channel to be used as input for the basic counter.

Select "Reference": "Counter 2".

N o o b w

Define the (nominal) "Reference Frequency" to be assigned to the value measured
on counter 2.

8. Activate the first (basic) counter.

A continuous measurement starts and the signal counter indicates the measured
frequency. With each new measurement, the statistical values are updated. The
second counter is also activated automatically.

9. Tap "Select Counter"; "2".

10. Select the input channel for the reference counter 2. Make sure the selected chan-
nel provides a precise signal with the specified reference frequency.
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If the measured reference frequency deviates extremely from the specified fre-
quency, a warning is displayed.

11. Select "Restart" to reset the statistical values and start a new measurement with
the reference frequency.

The deviation of the nominal frequency to the measured frequency is internally
removed from the measured frequency. The display indicates the accurate fre-
quency of the input signal.

12. Optionally, tap the second counter tab again to display both counter results simulta-
neously.

13. To start and stop a counter measurement, press the [RUN STOP] key.

RUN
STOP

11.4 Counter Settings

Access: "Counter" menu

Additional settings for vertical scaling are available for Counter mode and directly
accessible via the "Counter" menu. For a description see:

® "Channel Index" on page 41
® "Probe Setting" on page 42
® "Bandwidth" on page 42

Furthermore, the logger function can be used to store counter values, see Chapter 8,
"Data Logging", on page 155.
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[+ { s
m—b rl‘d— Reference

Select Counter
1 2

Counter 1 n

Input Signal
€1 2
Reference
Internal  "Counter 2
Reference Frequency
10 MHz

Restart

G|
m—b é‘d— Reference

The diagram at the top of the "Counter" menu indicates how the data will be processed
using the current settings.
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Select Counter
Selects the counter to be configured.

Remote command:
Suffix for COUNter, see Chapter 15.9, "Counter Mode (R&S RTH-K33)", on page 406

Counter 1/ 2 State
Activates or deactivates the basic counter.

Remote command:
COUNter<m>:SENSe:STATe on page 412

Input Signal
Selects one of the channels as the input for the counter measurement.

Remote command:
COUNter<m>:SENSe:SOURce on page 412
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Reference
Selects the reference to be used for the counter.

"Counter 1/2" The measured value of the other counter is used as a reference.
Specify the nominal "Reference Frequency" for counter 2.
The deviation of the nominal frequency to the measured reference
frequency is internally removed from the measured frequency of
counter 1.

"Internal” An internal reference is used to determine the counter frequency.

Remote command:
COUNter<m>:SENSe:REFerence:STATe on page 411
COUNter<m>:SENSe:REFerence:VALue on page 412

Restart
Resets all statistical values and starts a new counter measurement.

Remote command:
COUNter<m>:CALCulate:AVERage:CLEar on page 407
COUNter<m>:INITiate on page 410
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12 Documenting Results

» To access export and data functions, press the [FILE] key.

USB Drive Status
Usable

Eject USB-Drive
Filesystem Tools
Settings

Waveforms

Logger Records

Harmonic

ne
touch

» To configure screenshots, press and hold the key until the menu opens.

The R&S RTH can store various data to files for further analysis and reporting:

® |nstrument Settings

® \Waveforms

® Export of Logger Records

® Screenshots

® Harmonic results (see Chapter 6.3, "Harmonics Measurement (Option R&S RTH-
K34)", on page 131).

You can also combine these data and save it to file by pressing the key: Quick

Save with OneTouch.

To check the storage devices and manage the data files, the Filesystem Tools menu
provides various functions.

12.1 Using USB Flash Drive

You can connect a USB flash drive on the right side of the instrument. If a USB flash
drive is connected, all screenshots and result data are written to this external device by
default. Instrument settings are saved on the instrument, but you can store them to the
USB flash drive as well.
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______________________________________________________________________________________________________________________________________________________________|

1.

To check the status of the USB flash drive, press the [FILE] key.

The connection status is shown on the top of the menu.

USB Drive Status
Usable

Eject USB-Drive
Filesystem Tools [ »

To remove the USB flash drive from the instrument, tap "Eject USB Drive" in the
"File" menu.

To check the file system on the USB flash drive for errors, tap "Filesystem Tools" >
"Check USB Drive".

Internal SD Card Status
Usable

Check Internal SD-Drive

USB Drive Status
Usable

Check USB-Drive

Browse Filesystem ...

Filesystem Info ...

12.2 Filesystem Tools

Access: [FILE] > "Filesystem Tools"

The "Filesystem Tools" help you to check the storage devices and manage the data
files.

|
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Internal SD Card Status
Usable

Check Internal SD-Drive

USB Drive Status
Usable

Check USB-Drive
Browse Filesystem ...

Filesystem Info ...

Internal SD Card Status
Shows the status of the internal SD card.

Check Internal SD Drive
Checks the file system on the SD card for errors.

USB Drive Status
Shows the status of the USB flash drive: "Usable", "Safe to remove", or "Not available".

See also: Chapter 12.1, "Using USB Flash Drive", on page 265.

Check USB Drive
Checks the file system on the USB flash drive for errors.

See Chapter 12.1, "Using USB Flash Drive", on page 265.

Browse Filesystem

Opens a file explorer, where you can check the files on the SD card and on the USB
flash drive. You can rename and delete files, and create folders. Some options help to
navigate and select files.

Explore

Path | ® /media

Delete & New Folder Rename Options

Files Size
B SD
B USB1

Filesystem Info
Shows the overall and free space that is available on the connected storage devices.

Internal SD card: Size 3773 MB, 3673 MB free.
e USB drive: Size 3833 MB, 3204 MB free.
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12.3 Instrument Settings

To repeat measurements or tests at different times or perform similar measurements
with different test data, you can save the used configuration settings for later use. Fur-
thermore, it can be helpful to refer to the configuration settings of a particular measure-
ment when analyzing the results. Therefore, you can easily save the complete mea-
surement configuration including the display settings.

The R&S RTH provides two ways to store the measurement configuration:

® Save as fast setting

® Save as saveset

12.3.1 Using Fast Settings

The R&S RTH has 8 slots to save and load often used configuration settings very
quickly.

X

Fast Settings

Press F1 - F8 to recall Fast Setting, press long to set Fast Setting ...

F1 F2 F3 F4
2015-10-09 1  (Empty) (Empty) {(Empty)

04942

F5 Fo F? F8
(Empty) (Empty) (Empty) {(Empty)

To save the current setting as fast setting
1. Press the [SHIFT] key.

2. Tap and hold one of the storage slots F1...F8.

The online keyboard opens.
3. Type the settings name and tap [<].

The configuration settings are saved to the slot.

To load a fast setting
1. Press the [SHIFT] key.
2. Tap the storage slot that holds the required configuration.

The settings are loaded.

Alternatively, you can save and load fast settings in the "File" menu: [FILE] > "Settings"
> "Fast Settings".
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12.3.2 Saving and Loading Savesets

You can save and reload an unlimited number of configuration setups. By default, the
settings are stored on the microSD card in the following directory:

media/SD/Rohde-Schwarz/RTH/SaveSets

The storage location can be changed. The file format is XML.

To save the current settings in a saveset
1. Press the [FILE] key.
2. Tap "Settings".
3. The current storage location is shown in "Setting Directory".
e To store the file under a default name in the specified directory, tap "Save Set-
ting".
e To store the file in another directory and/or with a user-defined filename, tap
"Save Setting As". Select the path, directory, and enter the filename.
To load and display a saveset
1. Press the [FILE] key.
2. Tap "Settings".
3. The current storage location is shown in "Setting Directory".

e To load a file from the specified directory, tap "Load Setting".

e To load a file from another directory, tap "Setting Directory" and change the
directory.
Tap "Load Setting".

4. Select the file to be loaded.
El Description of settings
Load Setting

Save Setting

Save Setting As

Setting Directory
le-Schwarz/RTH/SaveSets
Filename Base

Settings

Fast Settings  [»
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12.4

12.4.1

Waveforms

Load Setting
Opens the specified directory. Tap the file to be loaded.

Save Setting
Saves the settings to the specified directory with a default flename. The filename pat-
ternis: <filename base> <date> <time>.xml.

Save Setting As
Opens a file selection dialog. Navigate to the target directory and enter the filename.
Tap "Save" to store the file.

Setting Directory
Sets the directory to which the settings are stored with the "Save Setting" function.

Filename Base
Defines the first part of the filename. The complete filename pattern is:
<filename base> <date> <time>.xml.

Waveforms

Analog channel and math waveforms can be saved in several ways:

® As reference waveforms for later use on the instrument: "Ref" menu. See: Chap-
ter 4.5, "Reference Waveforms", on page 91

® |n CSV file on a USB flash drive or internal SD card for further analysis using other
applications: [FILE] > "Waveforms". This way is described in the current chapter.

If you want to save many waveforms, you can assign the function to the key. See:
Chapter 12.6, "Quick Save with OneTouch", on page 277.

Exporting Waveforms to File

The waveform export provides the following possibilities:
® Store either one waveform or all active waveforms.
® Include time values.

® Option R&S RTH-K15: Save history data.

® Option R&S RTH-B1: Save logic channels.

If a USB flash drive is attached, the file is stored there. Otherwise, the file is stored in
the Export folder on the microSD card.

1. Activate the waveforms that you want to export.

2. Press the [FILE] key.

3. Select "Waveforms".

4. Select the waveforms for export:
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a) Tap "Select Waveform".
b) e Select one waveform for export.
e Or select all active waveforms.

5. Select the "File Format".

6. Check the "Directory", the "Filename Base", and the "CSV Column Delimiter".
Adjust if necessary.

7. If you need time information for analysis, enable "Store with Time".
8. If you want to save history data, enable "Save History".

9. Tap "Save Waveform".

All export settings are described in Chapter 12.4.2, "Waveform Export Settings",
on page 271.

12.4.2 Waveform Export Settings

Access: [FILE] > "Waveforms"

Select Waveform
C1

Save History

File Format
sy

™ Save Waveform

™ Save Waveform As...

Directory (USB)
[media/USB1

Filename Base

Waveform

Store with Time —E

CSV Column Delimiter
Comma v

Select Waveform

Select the waveform to be exported. You can export:
® A single analog channel or math waveform

® All active digital channels

® All active waveforms at once
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Remote command:
EXPort:WAVeform: SOURce on page 490
EXPort:WAVeform:MULTichannel on page 491

Save History

This function is only available if option R&S RTH-K15 is installed. It includes the wave-
form history in the data export. If acquisition is running, enabling "Save History" stops
the acquisition. History data is always saved in "Compressed CSV" files.

For details, see Chapter 4.7.4, "Exporting History Data", on page 100.

File Format
Selects the format of the export file.

"CSV" Comma-separated values (CSV) text file, the waveform is stored in a
table. The columns are separated by commas or another delimiter.
For each sample, one line is written. Values are listed in scientific
notation. You can convert the comma-separated text to columns.

"Compressed  ZIP file that contains one or more CSV files. This format reduces the
csv" file size.

Remote command:
EXPort:WAVeform:NAME on page 490

Save Waveform / Save Waveform As
Save the waveform data. The functions are available if the instrument is in a waveform
mode ("Scope”, "XY", "Mask", "Roll", "Mask").

"Save Wave- Saves the file in the defined "Directory" using the autonaming pattern.

form"
"Save Wave- Opens a file explorer where you can select the directory and enter the
form As" filename.

Remote command:
EXPort:WAVeform: SAVE on page 492

Directory
Defines the directory where the waveform files are stored. If a USB flash drive is con-
nected, the instrument stores the data to this external device by default.

Remote command:
EXPort:WAVeform:NAME on page 490

Filename Base
Defines the first part of the filename. The complete filename pattern is:

<filename base> <date> <timestamp>.csv|zip.

Remote command:
EXPort:WAVeform:NAME on page 490

Store with Time
Includes horizontal values in the export data (time values).
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Remote command:
EXPort:WAVeform: INCXvalues on page 491

CSV Column Delimiter
Selects the column delimiter for CSV files. You need to know the delimiter when you
convert the CSV text to columns in a spreadsheet.

12.4.3 Waveform Export Files

Waveform data is stored in CSV or compressed CSV format.

The filenames are built using the filename pattern:
<filename base> <date> <timestamp>.csv]|zip.

A CSV file is a comma-separated values (CSV) text file, the waveform is stored in a
table. The columns are separated by commas or another delimiter. For each sample,
one line is written. Values are listed in scientific notation. You can convert the comma-
separated text to columns.

If the history option R&S RTH-K15 is installed, you can also save the history wave-
forms. For details, see Chapter 4.7.4, "Exporting History Data", on page 100.

12.4.3.1 Content of Waveform Files

The first lines of the file contain header data, for example, time scale, vertical scale,
vertical and horizontal positions. Header data is required to interpret the waveform
data, and to analyze the data values of the data file.

Model RTH1004
SeralMurnber 900118
Firrnware wersion 1702 47 Beta'

Acguisition Time Stamp 2018-08-07 14:44:15.981047121  2018-08-07 14:44:15.981047121 2018-08-07 “Acquisition Tirme Stamp 2018-08-07 14:44:15 981047121

Waveform Type ANALOG Waveform Type ANALOG
Acguisition Mode SAMPLE
Horizontal Unit s Horizontal Unit 5
Horizontal Scale 1,00E-05 Harizontal Scale 1,00E-05
Horizontal Position 0 Horizontal Position 0
Reference Point 50% Reference Point 50%
Sample Interval 4,00E-10 Sample Interval 4,00E-10
Record Length 250000 Record Length 250000
Frobe Setting qo:1 10:1
wertical Unit W W Yertical Unit Widiv
Wertical Scale ) 5 “ertical Scale
wertical Position 2 2
wertical Offset 0 o
Higtory Index D o 0 History Indesx u]
History Time Stamp 0.000000000000 0.000000000000 0.000000000 History Tirme Starmp 0.000000000000
CH1 CHz2 MATH=-C1>
32.543 T BT -321.563
309.504 364.706 -305.882
356.863 32.549 -352.941
32549 34.902 -321.568
N7647 333333 313725
309.804 356.863 -305.882
32.542 341.176 -321.569
309.804 372549 -305.882
317647 341.176 -313.725

Figure 12-1: Waveform data file with voltage values, text converted to columns
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By default, only Y-values are stored. You can include the time values in the file.

Model RTH1004
SerialMumber 900116
Firrmware Yersian 1.70.2.47_Beta'

Acquisition Time Starmp 2018-08-07 14:52:16.900379887 2018-08-07 14:52:16.900379887 2018-08-0° Acquisition Tirme Stamp 2018-08-07 14:52:16.300379887

Waveform Type ANALOG Waveform Type ANALOG

Actuisition Mode SAMPLE

Horizontal Unit 5 Hotizantal Unit 5

Horizontal Scale £ DOE-DR Horizontal Scale £ DDE-DB

Horizontal Position 0 Horizontal Position ]

Reference Point 50% Reference Point 50%

Sample Interval 4 00E-10 Sample Interval 400E-10

Record Length 125000 Record Length 125000

Probe Setting 101 101"

wertical Unit W A" “erical Unit idiy

wertical Scale i a “ertical Scale

Wertical Position 2 -2

ertical Offset il i}

History Index 1] ul 0 History Index 0

History Time Starmp 0.000000000000 0.000000000000 0.0000000 History Time Stamp 0.000000000000

TIME CH1 CHz2 TIME MATH=-C1=

-2.6e-06 32.549 364.706 -2.5e-05 -32.542

-2, 60E+00 341.176 341.176 -2 50E+00 -341.176
-2,50E+00 317.647 356.863 -2 50E+00 -317.647
-2,50E+00 341.176 333.333 -2 50E+00 -341.176
-2,50E+00 317.647 372.549 -2 50E+00 -317.647
-2,50E-01 32.549 34.502 -2 50E-01 -32.543

Figure 12-2: Waveform data file with voltage and time values, text converted to columns

If the acquisition mode is envelope or peak detect, two values (minimum and maxi-
mum) are written for each sample. The file contains two columns for each active ana-
log channel.
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Model RTH1004
SerialNumber 900116
Firrmware Wersion "1.70.2.47_Beta'

Acquisition Time Stam 2018-08-07 14:59:29.69512018-08-07 14:55:29.698! 2018-08-07 14:59:29.698¢2018-08-07 14:59:29. 6989596237

Wiaveform Type AMNALDG
Acquisition Mode ENYELORE
Harizantal Unit 5
Horizontal Scale 1 00E-06
Horizontal Fosition 0
Feference Point a0%
Sample Interval 4 00E-10
Record Length 28000
Probe Seffing 10:1" 1a:1" 10:1" 1a:1"
Wertical Linit v W 1% i
Wertical Scale 5 5 ) 5
Wertical Position 2 2 2 2
wWertical Offset 0 0 0 0
Histary Index 0 0 0 0
History Time Starmp  0.000000000000 0.000000000000 0.000000000000 0.000000000000
CHT MR CHT MM CH2 MAX CH2 MM
34902 -0.27 451 356,863 -0.117647
3 7E -0 117647 385235 -0.0392157
34907 -0 117647 34.907 0117647
356,553 -0.431573 380,392 0117847
34902 -0.27 451 34.902 -0.0392167
3 7E -0.27451 372548 -0.117647
34907 -0.196078 333333 0117647
32549 -0.27 451 3858.235 0117847
34902 -0.196075 356,863 -0.117647

Figure 12-3: Waveform data file with two voltage values per sample, acquisition mode is envelope

12.4.3.2 Header Data

The header lines contain the following properties:

Value Description

Acquisition Time Stamp Time of the waveform acquisition

Waveform Type ANALOG for analog channel signals and math waveforms, DIGITAL for logic
signals
Acquisition Mode Acquisition mode that has been used: sample, peak detect, high resolution,

average, envelope. If peak detect or envelope is set, two values (minimum and
maximum) are written for each sample.

Only for analog channels.

Horizontal Unit s, second

Horizontal Scale In s/div

Horizontal Position Distance of the trigger point from the reference point.

Reference Point Position in the diagram: left = 10%, middle = 50%, and right = 90%
Sample Interval Time between two samples
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Value Description
Record Length Number of samples, corresponds to the number of data lines in the file
Probe Setting Attenuation factor of the connected probe, only for analog channels.
Vertical Unit VorA
Vertical Scale In V/div or A/div, only for analog channels and math waveforms.
Vertical Position In divisions, only for analog channels
Vertical Offset In V or A, only for analog channels
Threshold Only for digital channels
History Index Only for history export, see Chapter 4.7.4, "Exporting History Data",

on page 100
History Time Stamp

12.4.3.3 Converting CSV to Excel Files

If you open an exported CSV file in Excel or another spreadsheet, all data is written in
one column. The value delimiter is usually a comma, but you can select another delim-
iter in the export settings. As an example, the following procedure describes text con-
version to columns in Excel. Other spreadsheet applications provide similar features.
Make sure to select the correct text delimiter, decimal separator and thousands sepa-
rator.

1. Open the CSV file in Excel.
Click the column header "A" to select all data.

On the "Data" ribbon, click "Text to Columns".

A 0N

Select the data type "Delimited".
Click "Next".

5. Select the delimiter that you have used in the export file (usually a comma).
Click "Next".

6. Click "Advanced".

7. Select the point as decimal separator and the comma as thousands separator.

[ Advvanced Text Import Settings

Settings used to recognize numeric data

Decimal separator: l:E
Thowsands separator: IIE

Mote: Mumbers will be displayed uzing the numeric
settings specified in the Regional Settings control panel,

8. Click "Finish".
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12.5 Logger Records

See Chapter 8.6, "Export of Logger Records", on page 166.

12.6 Quick Save with OneTouch

The key initiates one or more assigned saving actions. By default, the key saves a
screenshot.

If OneTouch is enabled, you can assign the following actions to the key:

® Save a screenshot

® Save waveforms

® Save harmonic measurement results (requires option R&S RTH-K34)

® Save spectrum analysis results (requires option R&S RTH-K18)

® Save settings

® Add a comment to the saved file.

Access: [FILE] > "one touch", or "Screenshot" menu > "one touch"

(-) Save OneTouch

OneTouch Directory (USB)
[media/USB1

Screenshot
Waveform

Setting

Comment

Filename Base
OneTouch

One touch

Switches the function of the key:

® |f OneTouch is disabled, the key saves a screenshot of the current display.

® |f OneTouch is enabled, the key can also save waveform data and settings in
addition to the screenshot.

Save OneTouch
Saves the selected data to a ZIP file.
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OneTouch Directory
Defines the directory where the OneTouch ZIP files are stored. If a USB flash drive is
connected, the instrument stores the data to this external device by default.

Screenshot, Waveform, Setting
Select the data that you want to include in the OneTouch file.

Comment

If enabled, you can enter a comment when you save a OneTouch file. The comment is
written to a text file, which is included in the ZIP file. Furthermore, the first 10 charac-
ters of the comment are added to the ZIP filename.

Filename Base
Defines the first part of the filename. The complete filename pattern is:

<filename base> <date> <time> <commentlOch>.zip.

12.7 Screenshots

You can create and save sceenshots of the current display of your waveforms and
measurement results. If a USB flash device is connected to the R&S RTH, the instru-
ment saves the screeenshot to the USB flash drive. Otherwise, the screenshots are
saved on the microSD card.

i) To save the current display in a screenshot:
1. Press the FILE key.
2. Disable "One touch".

3. Pressthe key each time when you want to save a screenshot.

To configure the sceenshots:

» Press and hold the key until the menu opens, or open the "Screenshot" menu
using the "Menu" button.

You can also view all saved screenshots directly on the instrument.

12.7.1 Screenshot Settings

Access: "Screenshot" menu
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New screenshot

View screenshots

Inverse —m

Black and white —m

Filename Base
Screenshot

File format
PNG

New screenshot
Saves the current display in a new screenshot.

Remote command:
HCOPy:IMMediate on page 495

View screenshots
Displays the last saved screenshot. You can browse all screenshots that are saved.

Inverse
Inverts the colors of the output, i.e. a dark waveform is printed on a white background.

Remote command:
HCOPy:INVerse on page 495

Black and White
Creates a black and white screenshot.

Remote command:
HCOPy:COLor on page 495

Filename base
Defines the prefix of the file name. By default, the filename has the prefix "Screen-
shot_".

Remote command:
MMEMory : NAME on page 495

File format
Defines the format of the screenshot file. The following formats are available:

® PNG: Portable Network Graphics is a graphic format with lossless data compres-
sion.

® JPG: compressed file format, compression according to to JPEG standard

® BMP: BitMaP is an uncompressed format, files are large and saving might take
some time.

® TIFF: Tagged Image File Format, often used in publishing companies and print pro-
cessing.
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Remote command:
HCOPy:LANGuage on page 495



Selfalignment

13 General Instrument Setup

The general instrument settings are available in all operating modes.

13.1 Resetting the Instrument
Reset is helpful if the instrument is in undefined condition and cannot be operated.

» To switch off the instrument and reset the hardware, press the & power key for 5
seconds.

» To restore the factory settings, hold down the [PRESET] key during the boot proc-
ess.

13.2 Disabling the Touchscreen

In certain situations, the capacitive touchscreen can get stimulated without touching it.
Typical situations are:

® Measuring in an environment with immissions considerably higher than specified

® Measuring on power electronics with strong electric fields

® Connecting the probe to power electronics DUTs with large voltages or fast rising
edges

Due to the unwanted stimulation, the R&S RTH detects three or more fingers on the

screen even though the display has not been touched. A message box informs about
the detection of more than two fingers. In this case, operate the instrument using the
keys and the wheel and disable the touchscreen.

» To disable the touchscreen, press the [SHIFT] key for 2 seconds.

13.3 Selfalignment

Access: E or "Setup" menu > "Selfalignment"

The self-alignment aligns the data from several input channels vertically and horizon-
tally to synchronize the timebases, amplitudes and positions.

Recommendation on performing the self-alignment:

® When putting the instrument into operation for the first time

e After a firmware update

® Once a week

® When major temperature changes occur (> 5°)
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The R&S RTH1002 provides an additional, separate self-alignment of the meter inputs.

Preparing the instrument for self-alignment

Make sure that the instrument has been running and warming up before you start the
self-alignment. The minimum warm-up time is indicated in the data sheet.

Before the self-alignment, remove all probes, leads, and other connected lines from the
instrument input.

Selfalignment

Selfali t Last performed
Select Alignment Step: & gnmen - alaslilo
s ok 2018-07-20 14:51:05
Scope Vertical Only SADRadix Ok
Full Interleave Ok
SADRadixAB ok Passed
Iso Ok

State

Start Selfalignment Vertical ok
DMM Ok

For best results instrument should be warmed up (running for more than 30 minutes) when starting
alignment. During alignment nothing should be connected to the inputs of the oscilloscope. "Full"
alignment is recommended.

The selfalignment may take up to: 15 minutes.

Figure 13-1: Self-alignment in scope mode

» To start, tap "Start Selfalignment".

The alignment can take up to 15 minutes. The results are shown in the "Selfalign-
ment" dialog box.

R&S RTH1002: Self-alignment of DMM inputs

If the instrument is in "Meter" mode, you can choose to align all inputs, or only the
meter inputs. The self-alignment of the meter inputs takes up to 30 seconds, while the
complete self-alignment takes up to 15 minutes.
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___Selfali nment __
Selfalignment Last performed
Select Alignment Step: 9 -] i

s ok 2018-07-20 14:51:05

DMM Only SADRadix Ok
State

Full Interleave Ok

SADRadixAB ok Passed
Iso ok
Start Selfalignment Vertical Ok

DMM 0]

For best results instrument should be warmed up (running for more than 30 minutes) when starting
alignment. During alignment nothing should be connected to the inputs of the oscilloscope. "Full"
alignment is recommended.

The selfalignment may take up to : 15 minutes.

Figure 13-2: Self-alignment in meter mode

13.4 Setting the Date, Time and Language

The instrument has a date and time clock. You can adjust the clock to the local time,
and you can select the display language. Supported languages are listed in the data
sheet. The help is provided in English.

A reboot of the instrument is not necessary.
Set date and time

USB/LAN [>

WirelessLAN ~ |»

% User interface langueae '_‘j

English

Options el

taintenance
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Set display language

Chinese Simplified  Korean USB/LAN [>

English Portuguese Wireless LAN  |»

German Russian

. . Timeand Date  [»
Italia Spanish

User interface language
English e\

Japanese,
Options

Maintenance

El Description of settings

User Interface Language
Select the language in which the functions and messages are displayed. Supported
languages are listed in the data sheet. The help is provided in English.

The instrument changes the language after a few seconds, a reboot is not required.
Time
Set the local time in the following order: hours / minutes / seconds.

Remote command:
SYSTem: TIME on page 502

Date
Set the date in the following order: year / month / day.

Remote command:
SYSTem:DATE on page 501

13.5 Instrument Settings

Access: IE2 or "Setup" menu
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Enable Touch T

Selfalignment  |»
Selftest [»
USB/LAN [»
Wireless LAN ~ [»

Time and Date  |»

User interface language
English v

Options [»

Maintenance  |»

Firmware Update
I Open File ...

Enable Touch
Switches the touch functionality of the screen on or off. Alternatively, you can press the
[SHIFT] key for 2 seconds.

In certain situations, the capacitive touchscreen can get stimulated without touching it.

Typical situations are:

® Measuring in an environment with immissions considerably higher than specified

® Measuring on power electronics with strong electric fields

® Connecting the probe to power electronics DUTs with large voltages or fast rising
edges

Due to the unwanted stimulation, the R&S RTH detects three or more fingers on the

screen even though the display has not been touched. A message box informs about

the detection of more than two fingers. In this case, operate the instrument using the

keys and the wheel and disable the touchscreen.

Remote command:
DISPlay:MOUS on page 503

Selfalignment
See Chapter 13.3, "Selfalignment", on page 281.

Selftest
The self-test checks the hardware of the instrument. It is intended for service tasks.

USB/LAN
See Chapter 14.1, "LAN Connection", on page 292 and Chapter 14.2, "USB connec-
tion", on page 294.
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Wireless LAN
See Chapter 14.3, "Wireless LAN Connection (Option R&S RTH-K200/200US)",
on page 294.

Time and Date
See Chapter 13.4, "Setting the Date, Time and Language", on page 283.

User Interface Language
See Chapter 13.4, "Setting the Date, Time and Language", on page 283.

Options
See Chapter 13.7, "Options", on page 288.

Maintenance

The "Device Info" tab provides service information for your R&S RTH. If you need sup-
port, you may be asked to provide this information. Here you can also read the "Open
Source Acknowledgment”, which provides verbatim license text of open-source soft-
ware that is used in the instrument's firmware.

The "Service" tab allows the service personnel to enter a password that activates fur-
ther service functions. Without password, you can create a service report if there are
problems. See Chapter 2.5.2, "Information for Technical Support”, on page 37 for
details.

Firmware Update
See Chapter 13.8, "Updating the Firmware", on page 290.

13.6 Display Settings
Access: "Display" menu

Contrast Mode —m

Persistence Type
Off, Last Acq
Persistence Time

50 ms
Grid Mode
Lines v
Brightness
High v
Show Probe Settings
25 v

Display Dimmed After
Th v

Intensity (%)
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Contrast Mode
If enabled, the waveforms are displayed in black color on white background.

Remote command:
DISPlay:CONTrast on page 503

Persistence Type
Defines how long every new data point remains on the screen.

"Off, Last Acq" Deactivates persistence and displays the last acquisition.
"Off, Multiple Deactivates persistence and displays multiple acquisitions.

Acq"

"Time" Data points remain on the screen for the duration defined with Persis-
tence Time.

"Infinite" Data points remain on the screen infinitely until persistence is set to

"Off, Multiple Acq".

Remote command:
DISPlay:PERSistence[:TYPE] on page 502

Persistence Time
User-defined persistence time if "Persistence Type" is "Time". Each new data point
remains on the screen for the duration defined here.

Remote command:
DISPlay:PERSistence:TIME on page 503

Grid Mode

Defines the grid display. A grid helps you identify the position of specific data points.
"Off" No grid is shown.

"Dots" Dots mark the intersections of the gridlines.

"Lines" Displays the grid as horizontal and vertical lines.

Brightness

Changes the brightness of the touchscreen.

Show Probe Settings
Defines how long the probe settings of active channels are shown when you press a
channel key. The settings are shown on the top of the display.

The probe settings are always shown as long as the "Vertical" menu is open.

Display Dimmed After
Defines when the display switches off if it is not used. Switching off the display saves
energy and prolongs the battery's operating time.

Intensity (%)
Changes the intensity of the waveforms on the screen.
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13.7 Options

All options are activated by license keys. No additional installation or hardware change
is required.

\ Unregistered licenses

/ Unregistered licenses are not assigned to a particular instrument. The instrument
accepts only registered licenses. If your license is delivered unregistered, use the
online tool R&S License Manager to register the license for your instrument. The regis-
tration of a permanent license is irreversible, so ensure that you register it for the cor-
rect instrument. The address of the tool is https://extranet.rohde-schwarz.com/service.

The "Active options" tab provides information on installed software options. Here you
can install new options or deactivate existing options using license keys.

Active options  |nactive options Deactivated options

Description Activation type Valid until
K1 12C/SPI Trigger & Decode Permanent
K2 UART/RS232 Trigger & Decode Permanent
B1 Mixed-Signal-Opt. 250 MHz Permanent
B242 200 MHz Option, RTH1004 Permanent
K19 Advanced Trigger Permanent
K200 Wireless LAN Permanent

Required information to order an option Install a new option

| Material number  1317.5000K04 | | [Enter new option key '
Serial number 900079

Device ID 1317.5000K04-900079-Fw I& Install from file ...

The "Inactive options" tab lists all deactivated and expired options.
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Active options  Inactive options Deactivated options

Description Activation type  Valid until Remark
K200 Wireless LAN Permanent - deactivated

The "Deactivated options" tab shows all deactivated options with their deactivation
information and provides a function to export the deactivation response. The response
is required by the R&S License Manager.

Active options  Inactive options ~ Deactivated options

Description Key Response

K200 Wireless LAN 010263902420031714993030926¢04690C3456E8B8B6B

™ Export deactivation response ...

13.7.1 Activating Options

Consult your sales representative and provide the material number, serial number, and
the device ID of your instrument to get a license key. You find this information in IE3 >
"Options" > "Active options".

The license key is provided in written form or in a file. Unregistered licenses must be
registered in the R&S License Manager before they can be activated on the instru-
ment.
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1. If you received the option key in a file, save the file to a USB flash drive, and con-
nect the drive to the R&S RTH.

2. Press the EX key.

3. Select "Options", and select the "Active options" tab.

Active options Inactive options Deactivated options

Description Activation type Valid until
K1 12C/SPI Trigger & Decode Permanent
K2 UART/RS232 Trigger & Decode Permanent
B1 Mixed-Signal-Opt. 250 MHz Permanent
B242 200 MHz Option, RTH1004 Permanent
K19 Advanced Trigger Permanent
K200 Wireless LAN Permanent

Required information to order an option Install a new option

| Material number  1317.5000K04 | [ |Enter new option key '
Serial number 900079

Device ID 1317.5000K04-900079-Fw % Install from file ...

4. If you received a key in written form, enter the key in the "Enter new option key"
field.
If you received a key in digital form as a file, tap "Install from file", select path /
media/USB1, and select the option key file.

5. If you want to activate several options, repeat step 3 for each option.

6. Restart the instrument.

13.8 Updating the Firmware

Your instrument is delivered with the latest firmware version. Firmware updates are
provided on the Internet at www.rohde-schwarz.com/product/rth.html > "Downloads" >
"Firmware". Along with the firmware file, you find the Release Notes describing the
improvements and modifications.

Make sure to update the firmware if a new version is available.

1. Download the firmware installation file RTH* . rsi, and save it to a USB flash drive.

2. Connect the USB flash drive to the USB connector on the right panel of the instru-
ment.

3. Press EA

4. Scroll down the menu and tap "Open File" under "Firmware Update".
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Updating the Firmware

5. Select the firmware file.
If you cannot see the RTH* . rs1i file, select the path /media/USB1, and the folder
that contains the file.

6. Tap "Select".
7. Tap "Yes".

The firmware update starts. Wait until the update has finished. The instrument
restarts automatically.
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14 Network Connections

This chapter describes the setup of network connections.

There are several ways to connect the R&S RTH to a computer:

® (Connect the instrument to a local area network (LAN), usually the company net-
work. For this connection, ethernet technology is used.
LAN connection is used for remote operation using the web interface option
R&S RTH-K201, for remote control using SCPI commands, and for data transfer.

® Connect the instrument directly to a computer using USB.
The direct USB connection is used for remote control using SCPI commands.

® Connect the instrument to the wireless LAN (requires option R&S RTH-K200).
You can operate the instrument remotely using a web browser on the computer or
mobile device.

14.1 LAN Connection

1. Connect the LAN cable to the LAN connector on the right panel of the instrument.
Press the EX key.
Select "USB/LAN".

A 0N

Select "Interface" = "Ethernet". By default, DHCP is used and all address informa-
tion is assigned automatically.

5. Note the IP address, which is required to address the instrument in the network.
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E' Description of settings

Interface
Ethernet

Status

Ready (Eth. connected)

Hostname
RTH-900079

DHCP 1

IP Address (DHCP)
10.113.1.159
Subnet mask (DHCP)
255.255.252.0
Gateway (DHCP)
10.113.0.1

DNS Server (DHCP)
10.0.2.166

MAC Address
00:90:B8:1D:E4:70

Interface
Select LAN or USB connection.

Status
Shows the connection status.

Hostname
Shows the computer name of the instrument.

In a LAN that uses a Domain Name System server (DNS server), each computer or
instrument can be accessed using a unique name instead of the IP address. The DNS
server translates the host name to the IP address. The host name is useful when a
DHCP server is used, as a new IP address is assigned each time the instrument is
restarted.

The default name is RTH-<serial_number>. You can change the name, but make sure
that the name is unique in the LAN.

DHCP

Enables dynamic TCP/IP configuration using the Dynamic Host Configuration Protocol
(DHCP). If DHCP is on, all address information is assigned automatically. Disable
DHCP if the network does not support this protocol.

IP Address, Subnet mask, Gateway, DNS Server
Shows the IP address and other address information for LAN connection.

|
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14.2

14.3

If the network supports DHCP, the DHCP server assigns these parameters. It is safe to
establish a connection to the LAN without any previous instrument configuration.

If DHCP is not supported, enter the address information manually (static address).

Note: Risk of network errors. Connection errors can affect the entire network. If your
network does not support DHCP, or if you disable DHCP, make sure to assign valid
address information before connecting the instrument to the LAN. To obtain a valid IP
address, subnet mask, and gateway, contact your network administrator.

MAC Address
Shows the media access control address (MAC address), a physical address and a
unique identifier of the instrument.

USB connection

The USB device connector is intended to connect a computer directly to the instru-
ment. You need a VISA communication tool installed on the computer to control the
instrument using remote commands.

1. Connect a USB cable to the USB mini-B connector on the right panel of the instru-
ment, and to a computer.

2. Press the EX key.

3. Select "USB/LAN".

4. Select "Interface" = "USB".
The instrument shows the connection status.

5. When the computer detects the connected instrument, the drivers are automatically
installed, and a message is displayed.
The drivers are IVI drivers

6. Open the Device Manager on the computer and check if the connected instrument
is shown.

Wireless LAN Connection (Option R&S RTH-
K200/200US)

Using the wireless LAN option R&S RTH-K200/200US, you can control your instrument
with a portable device. Thus, you can perform dangerous measurements without risk.

When the instrument is connected to the portable device, the waveform display and
user interface of the R&S RTH are directly available in the web browser. All settings
can be changed in the browser, no software installation is required.
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There are two ways to connect via wireless LAN:

® Usually, the R&S RTH is the access point and you set up connection on the porta-
ble device.

® The R&S RTH is the client that connects to a router or access point.

R&S RTH and the mobile device can be disturbed by various influences, for example,

6 As any other wireless LAN connection, also the WLAN connection between the
interfering signals.

To enable wireless LAN
1. Press the EX key.
2. Tap "Wireless LAN".

3. Only for option R&S RTH-K200: Select the "Country", where you use the instru-
ment.
The list contains all countries where the wireless LAN option has been approved.
You also can find the list in the data sheet.

4. Enable "Wireless State".

Now you can connect the instrument.

To use the instrument as access point
1. Press the E3 key.
2. Tap "Wireless LAN".

3. Only for option R&S RTH-K200: Select the "Country", where you use the instru-
ment.
The list contains all countries where the wireless LAN option has been approved.
You also can find the list in the data sheet.

4. Select "Wireless Mode" = "Access Point" in the "Wireless LAN" menu.

5. If you connect for the first time, change the default "Passphrase”. You can also
change the identifier of the instrument, the "SSID".

6. Enable "Wireless State".

7. On your portable device, set up the connection to the instrument. Select the SSID,
and enter the passphrase.
The detailed procedure is described in the documentation of your portable device.
To use the instrument as client
1. Press the E2 key.
2. Tap "Wireless LAN".

3. Only for option R&S RTH-K200: Select the "Country", where you use the instru-
ment.
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The list contains all countries where the wireless LAN option has been approved.
You also can find the list in the data sheet.

4. Select "Wireless Mode" = "Client" in the "Wireless LAN" menu.

5. Enable "Wireless State".

The "Choose Access Point" window opens.
6. Tap the "SSID" of the required router.

7. Enter the password of the required router in "Passphrase”.

The connection status is shown in "Status"
EI Description of settings

Wireless State r

Wireless Mode

SsID
RTH-900031

Passphrase

fmORg7VD

Status

Access point ready
IP Address
192.168.0.1

MAC Address
00:90:B8:1E:9D:88

Country
Select the country, where you use the wireless LAN. The list contains all countries
where the wireless LAN option has been approved.

Only available in option R&S RTH-K200.

Wireless State
Enables or disables wireless LAN access.

Wireless Mode
Selects the wireless LAN function of the instrument. It can serve as access point or as
client.

Remote command:
SYSTem:COMMunicate:WLAN:MODE on page 503

SSID
Shows the wireless LAN identifier of the instrument. You can change the identifier.
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Passphrase
Shows the wireless LAN password of the instrument. You can change the password.

Status
Shows the connection status and activities.

IP Address
Shows the IP address of the instrument. You need this address to set up connection on
the portable device.

MAC Address
Shows the media access control address (MAC address), a physical address and
unique identifier of the instrument.

14.4 Web Interface (Option R&S RTH-K201)

If the R&S RTH is connected to a computer via LAN or WLAN (with option R&S RTH-
K200/200US), you can operate the instrument from the computer. No additional tools
are required, you need only a web browser that supports HTML5. Thus, you can use
your smartphone or tablet to operate the oscilloscope remotely.

1. Open a web browser on the computer or mobile device.

2. Type the instrument's host name or IP address in the address field of the browser,
for example, http://10.133.10.203.

The instrument's homepage is shown.

Using the web interface, you can:

® Display a screenshot of the current instrument display.

® QOperate the instrument using the menus on the emulated display.
This view is designed for small devices, for example, smartphones.

® Operate the instrument using the emulated front panel.
You see a live image of the instrument. You can use the keys, the wheel and the
menus in the same way as directly on the instrument.

® Organize the data that is saved on the instrument.
You can download files to the computer, upload files to the instrument, delete and
rename files, and create folders.

The instrument is connected to the Web interface using http. Encrypted access using
https is not available. The usual risks of unsecured web connection exist also to the
connction of the R&S RTH.




Mode

15 Remote Control Commands

15.1

15.2

Conventions used in Command Description

Note the following conventions used in the remote command descriptions:

Command usage

If not specified otherwise, commands can be used both for setting and for querying
parameters.

If a command can be used for setting or querying only, or if it initiates an event, the
usage is stated explicitly.

Parameter usage

If not specified otherwise, a parameter can be used to set a value and it is the
result of a query.

Parameters required only for setting are indicated as Setting parameters.
Parameters required only to refine a query are indicated as Query parameters.
Parameters that are only returned as the result of a query are indicated as Return
values.

Conformity
Commands that are taken from the SCPI standard are indicated as SCPI con-
firmed. All commands used by the R&S RTH follow the SCPI syntax rules.

Asynchronous commands

A command which does not automatically finish executing before the next com-
mand starts executing (overlapping command) is indicated as an Asynchronous
command.

Reset values (*RST)

Default parameter values that are used directly after resetting the instrument (*RST
command) are indicated as *RST values, if available.

Default unit

The default unit is used for numeric values if no other unit is provided with the
parameter.

Mode

OP[:MODE] <OperationMode>

Sets the operating mode of the instrument.

Parameters:
<OperationMode> YT | XY | MASK | ROLL | METer | FFT | LOGGer | COUNter |

PROTocol | HARMonic | SPECtrum
*RST: YT (scope mode)



15.3

15.3.1

15.3.2

Waveform Setup

Waveform Setup

L N U] g = L (o0 1= (U] o SRS 299
®  VErtiCal SEIUPD..iiiii i ————————————— 299
L I o (o) o] c= 1 RS Y (U o J R 305
®  AcQUISIION CONIIOL...cciiiiii i e e e e e e e e e e e enanes 306
L I I T T 1= SR 309

Automatic Setup

AUToscale
Performs an autoset in scope mode.

Usage: Event

Vertical Setup

The channel suffix <m> selects the channel for which the command is executed. The
number of channels depends on the instrument type. The R&S RTH1004 has 4 chan-
nels, the suffix values are 1| 2| 3 | 4. The R&S RTH1002 has 2 channels, the suffix
values are 1| 2.

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.

CHANRNEISMS I STATE. ...eeeeeeeereretiiii e eeeaaeseteeeeeeeaeaeteseeeereesesrssatarasaaanesesaeseeaeasassserereeenns 299
CHANNEISMS IS C AL c.uuu i eeieeiiiee ettt e e e ettt e e e ettt ee e e e e eee b e e eeeeeaataeeeseesataaeaeeeetannnnns 300
CHANNEISMSIRANGE. ... .ctuiieiiii et e et e et e e et e e et e e e ea e e et e e eeta e eenaneesanaaennans 300
CHANNEISMSIPROBE. .....uiiii ettt e e e e et e et e e et e e e eae e e et aeeenaeeennnaeees 300
PROBe<m>:SETUp:ATTenuation:MANUAL. ........uuututeeaaaae e ee e e e e e e e 301
PROBe<m>:SETUP:ATTeNUatION:UNIT ....euiiiiiiiaaieeae e 301
CHANRNEISM>IPOSIHION. ..cceieiieeeeeeeeeeee ettt reeeaeee e e e e e eeeaeaaaeeeeeeeeeeeesesessssssarannnnnnnns 302
CHANRNE KNS OF F SOt 1uututiieieeieieeeeeeeeee et eeeeeee ettt e e e e seseeeeeaaaaaeseeeeseeeesssssssrasnnnnnnns 302
(07 0 VN N[ 1= RS s b @1 @ LU 1 T N 302
CHANNEISKM>BANDWIAIN. ....ciieeeii e e et e e et e e e e e et eeea e e enaneaee 302
CHANNEISMSIDESKEW. ...ttt et et e et e et e e e eee e e e e e e e e e eeenaaeees 303
CHANRNel<m>:THReShOId: TECHNOIOGY . «.cttrreeuuutueaaaaaaae e e e e e e e e e e e e e e e eeeeeeeeeeeeeeeeeneeee s 303
CHANNEI<KM>:THREShOIA:USER.......eeiiiie e et e e e e e eeeeanns 304
CHANRel<m>:THReShOId: THRESNOIA?.......cevvurruririiiiiieieieeeeeeeeeeeeeeeeeeeeeeeeeesesssrsrananaannns 304
CHANRNel<m>:THRESOIA:FINDIEVEL...........cceeieieeieeierirtiriieieieeeieeeseeeeeeeeeeeeeeeeeeeeessssarananas 304

CHANnel<m>:STATe <State>

Switches the channel signal on or off.
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Suffix:

<m> 112 (RTH1002) , 1..4 (RTH1004)
Parameters:

<State> ON | OFF

*RST: OFF

CHANnel<m>:SCALe <Scale>

Sets the vertical scale (vertical sensitivity) of the indicated waveform.

Suffix:

<m> 112 (RTH1002) , 1..4 (RTH1004)
Parameters:

<Scale> Scale value, given in Volts per division

Range: 2E-3 to 100
Increment: 1E-3
*RST: 0.05
Default unit: V/div

CHANnel<m>:RANGe <Range>

Sets the voltage range across the 8 vertical divisions of the diagram. Use the com-
mand alternatively to CHANnel<m>:SCALe.

Suffix:

<m> 1|12 (RTH1002) , 1..4 (RTH1004)
Parameters:

<Range> Voltage range value

Range: 200E-9 to 8E+6
Increment: 10E-6

*RST: 0.4

Default unit: V

CHANnel<m>:PROBe <ProbeSettings>

Sets the attenuation factor of the connected probe. The vertical scaling is adjusted
accordingly, and measured values are multiplied by this factor so that the displayed
values are equal to the actual signal values.

Make sure to set the attenuation factor on the instrument according to the probe being
used. Otherwise, the measurement results do not reflect the actual voltage level, and
you might misjudge the actual risk.
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Suffix:
<m> 112 (RTH1002) , 1..4 (RTH1004)

Parameters:

<ProbeSettings> V1TO1 | V10To1 | V20To1 | V100to1 | V200to1 | V1000to1 |
C100V1A | C10V1A | C1V1A | C100MV1A | C10MV1A |
C1MV1A | TIMVC | TIMVF | PT100 | PT500 | PT1000 | USER
V1TO1 | V10To1 | V20To1 | V100To1 | V200To1 | V1000To1
Attenuation factors of voltage probes: 1:1, 10:1, 20:1, 100:1,
200:1, 1000:1.
C100V1A | C10V1A | C1V1A | C100MV1A | C10MV1A |
C1MV1A
Sensitivity of current probes: 100 V/A, 10 V/A, 1 VIA, 100 mV/A,
10 mV/A, 1 mV/A.
T1MVC | TIMVF | TPTC | TPTF
Temperature adapter type: 1 mV/°C, 1 mV/°F, PT100(°C),
PT100(°F)
USER
Set a user-defined attenuation factor if the predefined values do
not fit: Use PROBe<m>:SETup:ATTenuation:MANual to set
the value and PROBe<m>: SETup:ATTenuation:UNIT to set
the unit.

*RST: V1TO1

PROBe<m>:SETup:ATTenuation:MANual <ProbeFactor>

Sets a user-defined attenuation factor if CHANnel<m>: PROBe is set to USER.

Suffix:
<m> 1|2 (RTH1002) , 1..4 (RTH1004)
Parameters:
<ProbeFactor> Range: 100E-6 to 10000
Increment: 100E-6
*RST: 1

PROBe<m>:SETup:ATTenuation:UNIT <ProbeUnit>

Sets a user-defined probe unit if CHANnel<m>: PROBe is set to USER.

Suffix:

<m> 112 (RTH1002) , 1..4 (RTH1004)
Parameters:

<ProbeUnit> VI|A

*RST: Vv
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CHANnNel<m>:POSition <Position>

Moves the selected signal up or down in the diagram. The position is a graphical set-
ting given in divisions, while the offset sets a voltage.

Suffix:
<m> 112 (RTH1002) , 1..4 (RTH1004)
Parameters:
<Position> Position value, given in divisions.
Range: -4 to 4
Increment: 0.5
*RST: 0

Default unit: div

CHANnel<m>:0FFSet <Offset>

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

move it up.
Suffix:
<m> 1|2 (RTH1002) , 1..4 (RTH1004)
Parameters:
<Offset> Range: -400 to 400
Increment: 0.5
*RST: 0

Default unit: V

CHANnel<m>:COUPIling <Coupling>

Selects the connection of the indicated channel.

Suffix:
<m> 112 (RTH1002) , 1..4 (RTH1004)
Parameters:
<Coupling> DCLimit | ACLimit
DCLimit
The signal passes the input unchanged.
ACLimit

A high-pass filter removes the DC offset voltage from the input
signal if the DC component of a signal is of no interest.

*RST: DCLimit

CHANnel<m>:BANDwidth <BandwidthLimit>

Selects the bandwidth limit for the indicated channel.
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Suffix:
<m> 112 (RTH1002) , 1..4 (RTH1004)

Parameters:

<BandwidthLimit> FULL | B350 | B200 | B100 | B60 | BS0O | B40 | B20 | B10 | B5 |
B4 | B2 | B1| B5HK | B4HK | B2HK | B1HK | B50K | B40K |
B20K | B10K | B5K | B4K | B2K | B1K

FULL

At full bandwidth, all frequencies in the specified range are
acquired and displayed.

B350 | B200 | B100 | B60 | B50 | B40 | B20 | B10 | B5 | B4 | B2
| B1

Limit to 350 MHz, 200 MHz, 100 MHz, 60 MHz,..., respectively.
B5HK | B4HK | B2ZHK | B1HK | B50K | B40K | B20K | B10K |
B5K | B4K | B2K | B1K

Limit to 500 kHz, 400 kHz,..., respectively.

*RST: FULL

CHANnel<m>:DESKew <Deskew>
Sets a delay for the selected channel.

Deskew compensates delay differences between channels caused by the different
length of cables, probes, and other sources.

Suffix:
<m> 1]2 (RTH1002) , 1..4 (RTH1004)
Parameters:
<Deskew> Deskew value
Range: -100E-9 to 100E-9
Increment: 800E-12
*RST: 0

Default unit: s

CHANnNel<m>:THReshold: TECHnology <ThresholdType>

Sets the threshold value for digitization of analog signals. If the signal value is higher
than the threshold, the signal state is high (1 or true for the boolean logic). Otherwise,
the signal state is considered low (0 or false) if the signal value is below the threshold.

Suffix:
<m> 112 (RTH1002) , 1..4 (RTH1004)

Parameters:
<ThresholdType> TTL | ECL | CMOS | CAN | GND | LIN7vsupply | LIN12vsupply |
LIN18vsupply | USER

TTL
1.4V



Waveform Setup

ECL
-1.3V

CMOS
25V

GND
0 V (for CAN channels, requires option R&S RTH-K3)

CAN
2V (for CAN channels, requires option R&S RTH-K3)

LIN7vsupply | LIN12vsupply | LIN18vsupply
7V 112V /18 YV (for LIN channels, requires option R&S RTH-

K3)

USER

Set the value with CHANnel<m>:THReshold:USER.
*RST: TTL

CHANnel<m>:THReshold:USER <ThresholdValue>

Set an individual threshold value if CHANnel<m>:THReshold:TECHnology is set to

USER.
Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
Parameters:
<ThresholdValue> Range: -400 to 400
Increment: 1E-3
*RST: 1.4

Default unit: V

CHANnel<m>:THReshold:THReshold?

Returns the threshold value.

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
Return values:
<Level> Range: -10 to 10
Increment: 1E-3
*RST: 0

Default unit: V
Usage: Query only

CHANnel<m>:THReshold:FINDlevel
The instrument sets the threshold for the selected channel.

Suffix:
<m> 112 (RTH1002) , 1..4 (RTH1004)



15.3.3

Waveform Setup

Usage: Event

Horizontal Setup

TIMEDASEISCALE. ...t e et e et et e et eeeaans 305
TIMEDASEIRANGE. ... e e e e e e e ean 305
TIMebase:HORIZONtAI:POSILION. ...........cceieeeieeiieriieiiir i ereeeaeseseeeeeeeaeaeaeeeeseeeeeeeeessseeserananas 305
TIMEDASEIREFEIENCE. .....cceeveveveirirititiiiieiieeeeeeeeeeeeeeeeaeteteeeeeeeeeresrara b eeesesaeaaaaeseses 306

TIMebase:SCALe <Scale>

Sets the time scale of the horizontal axis for all signals.

Parameters:

<Scale> Range: 1E-9 to 500
Increment: Steps 1, 2,5 (1, 2, 5, 10, 20, 50, 100, 200, 500...)
*RST: 100E-9

Default unit: s/div

TIMebase:RANGe <AcquisitionTime>

Sets the acquisition time, the timerange across the 10 horizontal divisions of the dia-
gram. Use the command alternatively to TTMebase: SCALe.

Parameters:

<AcquisitionTime>  Range: 10E-9 to 5000
Increment: Steps 1, 2,5 (1, 2, 5, 10, 20, 50, 100, 200, 500...)
*RST: 1E-6
Default unit: s

TIMebase:HORizontal:POSition <Position>
Sets the horizontal position of the trigger point in relation to the reference point.

See also: "Horizontal Position" on page 46

Parameters:

<Position> Range: Depends on the time scale, see table below.
Increment: 0.1
*RST: 0
Default unit: s

Time scale Min./max. horizontal position

1 ns/div to 100 ps/div +2s

200 ps/div to 2 s/div Time scale * 20000

5 s/div — 500 s/div 100000 s
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TIMebase:REFerence <ReferencePoint>
Defines the time reference point in the diagram.

Parameters:
<ReferencePoint> Position of the reference point in percent of the screen width.
Available values are:
10: on the left side of the screen
50: in the middle of the screen
90: on the right side

*RST: 50
Default unit: %

15.3.4 Acquisition Control

] N 306
S 1 P 306
ACQUIIEIMODE. .....ciuiieeieeeiece e eeeeee e e e ettt e e e e e e ettt s e e e eee b e eeeesaataneaeseetnnaaaasssstnnnaaaaens 306
ACQUIrE:AVERAGEICOUNL ...ttt e e e e e e e e e e e et e e e ettt ee bbb e s e s e e e e e e e aeaaeeerereneees 307
ACQUIre:ARESEt:IMMEIALtE. ......eeieeii ettt et e e et e e e e e e e e e eeaans 307
ACQUIre:POINIS:PRESEIECE. ... eietiieiiieee ittt e et e et ee e e et eeenaeaeeas 307
F X O @ L I AT Y =Y {0 T 3 U oo 308
ACQUITEIPOINISIARATE?. ...ttt et e e et e e e e e e e e e e e e e e et e e e ea e e et e eeeaeeennneeeeen 308
ACQUIrEIPOINISIVALUE] 2. e ieieeeeeeeeee ettt e e e e e e e e e e e e eeaaaeeeeeeeeeeeeesessabaraannnnnnns 308
ACQUIrEIRESOIULION?. ... eieeiiiie e e ee ettt e e e e e et tee e e e e e ettt e e e e e eetaaaeeeeseesaaseeeeessnnasaesesssansanaeens 308
RUN

Starts the continuous acquisition.

Usage: Event

STOP
Stops the running acquistion.

Usage: Event

ACQuire:MODE <AcquisitionMode>
Defines how the waveform is built from the captured samples.

Parameters:
<AcquisitionMode> SAMPIe | PDETect | HRESolution | AVERage | ENVelope

SAMPle
One of n samples in a sample interval is recorded as waveform
point, the other samples are discarded.
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PDETect

The minimum and the maximum of n samples are recorded as
waveform points, the other samples are discarded.
HRESolution

The average of n captured sample points is recorded as one
waveform point.

AVERage

The average is calculated from the data of the current acquisi-
tion and a number of acquisitions before. The number of acquisi-
tions for average calculation is defined with ACQuire:
AVERage : COUNt.

ENVelope

The minimum and maximum values in an sample interval over a
number of acquisitions are saved. The most extreme values of
all acquisitions build the envelope.

*RST: SAMPle

ACQuire:AVERage:COUNt <NoOfAvgs>

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

Parameters:

<NoOfAvgs> Range: 2 to 8192
Increment: 2N (N=1..13)
*RST: 2

ACQuire:ARESet:IMMediate
Restarts the envelope and average calculation.

Usage: Event

ACQuire:POINts:PRESelect <RecLength>

Sets the record length.

Parameters:

<ReclLength> MAX | MIDDle | MIN
MAX
Sets the maximum possible record length.
MIDDle
Limits the record length to 12.5 kSample.
MIN
Limits the record length to 1.25 kSample.
*RST: MAX

The actual record length can differ from these limits, see "Act. Record Len. C1 - C4"
on page 48.
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ACQuire:WAVeformupd <WaveformUpdate>

The command is relevant if the time scale is 250 ms/div. At these slow timebases, you
can select how the acquired samples are displayed.

Parameters:
<WaveformUpdate> INTermediate | FULL

INTermediate

The acquired samples are displayed before the acquisition is
completed. In this mode, the record length is limited to

125 kSamples.

FULL

The acquired samples are displayed when the complete acquisi-
tion has been recorded. Depending on the selected time scale, it
takes some time until the waveform is visible. This mode does
not limit the record length and is always used for time scales
<50 ms/div.

*RST: INTermediate

ACQuire:POINts:ARATe?

Returns the number of captured analog waveform points per second (sample rate of
the ADC).

Return values:
<ADCSampleRate> 1 active channel: 5 Gsample/s
2 active channels: 2.5 Gsample/s
3 or 4 active channels: 1.25 Gsample/s

Default unit: Sa/s
Usage: Query only

ACQuire:POINts[:VALue]?
Returns the record length, number of captured waveform samples before interpolation.

Return values:

<RecordLength> Range: 1 to 4294967295
Increment: 1
*RST: 1
Default unit: Sa

Usage: Query only

ACQuire:RESolution?

Returns the resolution, the time between two waveform samples.
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Return values:

<ResolutionPP> Range: 1E-12 to 1E+12
Increment: 1E-12
*RST: 0
Default unit: s

Usage: Query only

Trigger
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General Trigger Settings

See also: Chapter 3.6.1, "General Trigger Settings", on page 51
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TRIGger:MODE <Mode>

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

Parameters:
<Mode> AUTO | NORMal | SINGle
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AUTO

The instrument triggers repeatedly after a time interval if the trig-
ger conditions are not fulfilled. If a real trigger occurs, it takes
precedence.

NORMal
The instrument acquires waveforms continuously, each time
when a trigger occurs.

SINGle
When a trigger occurs, the instrument acquires one waveform.
*RST: AUTO

TRIGger:SOURce <Source>
Selects the trigger source, the waveform on which the trigger condition is checked.

Parameters:
<Source> C1|C2|C3|C4|D0|D1|D2|D3|D4|D5|D6|D7

Logic channels D0..D7 require option R&S RTH-B1. For video,
runt, slew rate and window trigger, only analog channels are
available.

*RST: C1

TRIGger:TYPE <Type>
Selects the trigger type, the event type that defines the trigger point.

Parameters:

<Type> EDGE | GLITch | WIDTh | TV | PATTern | STATe | RUNT |
SLEWrate | DATatoclock | SERPattern | TIMeout | INTerval |
WINDow | PROTocol

EDGE | GLITch | WIDTh | TV
Standard trigger types

PATTern | STATe | RUNT | SLEWrate | DATatoclock | SERPat-
tern | TIMeout | INTerval | WINDow
Require option R&S RTH-K19

PROTocol
Requires option R&S RTH-K1 and/or R&S RTH-K2
*RST: EDGE

TRIGger:LEVel<m>:VALue <Level>

Sets the trigger level voltage. The command is relevant for all trigger types that require
one trigger level.
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<m>

Parameters:
<Level>
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1.21

Indicates the trigger source:
1..4: analog channels 1 to 4
8..15: digital channels DO to D7
all others: not available

Range: -10 to 10
Increment: 1E-3
*RST: 0

Default unit: V

TRIGger:HOLDoff:MODE <Mode>
Selects the method to define the holdoff.

Parameters:
<Mode>

OFF | TIME | RANDom | EVENts

OFF

No holdoff

TIME

Defines the holdoff as a time period. The next trigger occurs only
after a time has passed, which is defined with TRIGger:
HOLDoff: TIME.

RANDom

Defines the holdoff as a random time limited by TRTGger :
HOLDoff:MIN and TRIGger:HOLDof f:MAX. For each acquisi-
tion, the instrument selects a new random holdoff time from the
specified range.

EVENts

Defines the holdoff as a number of trigger events, which is
defined with TRIGger :HOLDoff : EVENts.

*RST: OFF

TRIGger:HOLDoff:TIME <Time>

Sets the time that has to pass at least until the next trigger occurs. The command
takes effect if TRIGger : MODE is set to TIME.

Parameters:
<Time>

Range: 8E-9 to 10
Increment: 200E-6
*RST: 1E-3
Default unit: s
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TRIGger:HOLDoff:EVENts <Events>

Sets the number of triggers to be skipped until the next trigger occurs. The command
takes effect if TRIGger : MODE is set to EVENts.

Parameters:

<Events> Range: 1 to 1000000000
Increment: 10
*RST: 1

TRIGger:HOLDoff:MIN <RandomMinTime>
TRIGger:HOLDoff:MAX <RandomMaxTime>

Set the time limits for random holdoff time. For each acquisition, the instrument selects
a new random holdoff time from the specified range.

Parameters:

<RandomMinTime> Range: 8E-9 to 10

<RandomMaxTime> Increment: 200E-6
*RST: 2E-3
Default unit: s

TRIGger:MNR <MoreNoiseReject>

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

Parameters:
<MoreNoiseReject> ON | OFF

*RST: OFF
15.3.5.2 Edge Trigger

TRIGger:EDGE:SLOPe <Slope>
Sets the edge to be triggered on.

Parameters:
<Slope> POSitive | NEGative | EITHer

POSitive = rising edge
NEGative = falling edge
EITHer = rising and falling edge

*RST: POSitive

15.3.5.3 Glitch Trigger

See also: Chapter 3.6.3, "Glitch Trigger", on page 54
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TRIGger:GLITch:POLarity <Polarity>
Sets the pulse polarity, that is the direction of the first pulse slope. You can trigger on:

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

Parameters:
<Polarity> POSitive | NEGative | EITHer

*RST: POSitive

TRIGger:GLITch:RANGe <Condition>

Selects the glitches to be identified: shorter or longer than the width specified with
TRIGger:GLITch:WIDTh.

Parameters:
<Condition> LONGer | SHORter

*RST: LONGer

TRIGger:GLITch:WIDTh <Duration>
Sets the pulse width of the glitch.

Parameters:

<Duration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

15.3.5.4 Width Trigger

See also Chapter 3.6.4, "Width Trigger", on page 55.
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TRIGger:WIDTh:POLarity <Polarity>

Sets the pulse polarity, that is the direction of the first pulse slope. You can trigger on:
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® Positive going pulses. The width is defined from the rising to the falling edge.
® Negative going pulses. The width is defined from the falling to the rising edge.
® Both positive and negative going pulses
Parameters:
<Polarity> POSitive | NEGative | EITHer

*RST: POSitive

TRIGger:WIDTh:RANGe <Condition>

Defines how the measured pulse width is compared with the given limit(s).
Parameters:

<Condition> LONGer | SHORter | EQUal | NEQual | WITHin | OUTSide

LONGer | SHORter
Triggers on pulses shorter or longer than a width set using
TRIGger:WIDTh:WIDTh.

EQUal | NEQual

Triggers on pulses equal or not equal a given width that is set
using TRIGger :WIDTh:WIDTh. In addition, a tolerance can be
set around the specified width using TRIGger :WIDTh:DELTa.

WITHin | OUTSide
Triggers on pulses inside or outside a given range. The range is
set using TRIGger :WIDTh:MIN and TRIGger :WIDTh : MAX,

*RST: LONGer

TRIGger:WIDTh:WIDTh <Duration>
Sets the width for comparison ranges EQUal, UNEQual, SHORter, and LONGer.

See TRIGger :WIDTh:RANGe on page 314

Parameters:

<Duration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:WIDTh:DELTa <Tolerance>

Sets a range At to the specified width, which is defined using TRIGger : WIDTh:WIDTh

Parameters:

<Tolerance> Range: 0 to 5000
Increment: 500E-12
*RST: 0

Default unit: s
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TRIGger:WIDTh:MAX <MaxDuration>

Sets the upper limit for the pulse width if TRIGger :WIDTh:RANGe is set to WITHin or

OUTSide.

Parameters:

<MaxDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:WIDTh:MIN <MinDuration>

Sets the lower limit for the pulse width if TRIGger : WIDTh : RANGe is set to WITHin or

OUTSide.

Parameters:

<MinDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

15.3.5.5 Video/TV Trigger

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

LR T = G IV RS 72 Lo =T (o S 315
TRIGGENTV:POLAIIY. ..t e e e e ettt ettt s e e e e e e e e e e e e e eeaeeeeeeeeeeeeesennnnnnan 316
TRIGGENTVIMODE. .. ..ttt ettt et ettt e e e et e e e et e eee e e e enas 316
TRIGGEINTVILINE. ..ottt e e e e e e e e e e e e e e e e e e e 317
B Te =T i I I 1= L PR 317
TRIGEN TV CUSTOM:STY P .ccuiuttreiiiiiiiieieeeeseeeeeeaeeeeteteeeeeeeressrtrrar—— i ieaeeeeaaeaesessereees 317
TRIGGer:TV:CUSTOM:LDURGLION. .......uuuuiiiieiiieeeeeeiieiiiinieeeeeeeeeeseeseeeanssesseereaaasesseesnnnnenns 317
TRIGQEr:TV:CUSTOM:SDURGLION. ...cvveteteitttiiiiiieiaieieeeeeeeeeeeeeeeeeeeeeessesesrnnnnan e aeeeeaeas 317
TRIGQEr TV:CUSTOM:SCANMOUE. .....ceeiiiiiiieiiiiitiiiiitit e ae e e e e e e e e e e e e e e e aeeeeeeeeeaeeesenennnnnnan 318

TRIGger:TV:STANdard <Standard>
Selects the TV standard or cusTom for user-defined signals.

Parameters:

<Standard> PAL | PALM | NTSC | SECam | P480L60HZ | P576L50HZ |
P720L30HZ | P720L50HZ | P720L60HZ | 11080L50HZ |
11080L60HZ | P1080L24HZ | P1080L24HZSF | P1080L25HZ |
P1080L30HZ | P1080L50HZ | P1080L60HZ | CUSTom

PAL | PALM | NTSC | SECam
Standards delivered with the instrument firmware.
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PxxxxLyyHZ

HDTYV standards using progressive scanning (P). xxxx indicates
the number of active lines, yy is the frame rate.

Triggering on HDTV standards requires option R&S RTH-K19.
IxxxxLxxHZ

HDTYV standards using interlaced scanning (I). xxxx indicates the
number of active lines, yy is the field rate.

P1080L24HZSF

1080p/24sF is a HDTV standard using progressive segmented
frame scanning.

CUSTom

Used for signals of other video systems, for example, medical

displays, video monitors, and security cameras. Requires option
R&S RTH-K19.

*RST: PAL

TRIGger:TV:POLarity <Polarity>

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

Parameters:
<Polarity> POSitive | NEGative

*RST: POSitive

TRIGger:TV:MODE <Mode>

Selects the lines or fields on which the instrument triggers. Available modes depend on
the scanning system of the selected standard.

Parameters:
<Mode> ALL | ODD | EVEN | ALINe | LINE

ALL

All fields: Triggers on the first video line of the frame (progres-
sive scanning) or field (interlaced scanning), for example, to find
amplitude differences between the fields.

ODD | EVEN

Odd fields / even fields: Triggers on the first video line of the odd
or even field. These modes are available for interlaced scanning
(PAL, PAL-M, SECAM, NTSC, 1080i) and progressive segmen-
ted frame scanning (1080p/24sF). They can be used, for exam-
ple, to analyze the components of a video signal.

ALINe

All lines: Triggers on the line start of all video lines, for example,
to find maximum video levels.

LINE

Triggers on a specified line. Specify the line number using
TRIGger:TV:LINE.
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*RST: ALL

TRIGger:TV:LINE <LineNumber>
Sets the number of the line to be triggered on if TRIGger : TV:MODE is LINE.
Usually the lines of the frame are counted, beginning from the frame start.

For NTSC signals, the lines are counted per field, not per frame. Therefore, you have
to set the odd or even field using TRIGger: TV: LETeld, and the line number in the

field.

Parameters:

<LineNumber> Range: 1 to 3000
Increment: 1
*RST: 1

TRIGger:TV:LFleld <LineField>

Line field (odd or even) used as reference for counting the video lines. Used by the
NTSC standard.

Parameters:
<LineField> FIELD1 | FIELD2

*RST: FIELD1

TRIGger:TV:CUSTom:STYPe <SyncPulseType>

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

Parameters:
<SyncPulseType> BlLevel | TRILevel

*RST: BlLevel

TRIGger:TV:CUSTom:LDURation <LineDuration>

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

Parameters:

<LineDuration> Range: 5E-6 to 200E-6
Increment: 100E-9
*RST: 64E-6

Default unit: s

TRIGger:TV:CUSTom:SDURation <SyncPulseDuration>
Sets the width of the sync pulse.
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Parameters:

<SyncPulseDuration> Range: 100E-9 to 100E-6
Increment: 100E-9
*RST: 4.7E-6
Default unit: s

TRIGger:TV:CUSTom:SCANmode <ScanMode>
Sets the scanning system.
For details, see "Scan" on page 61.

Parameters:
<ScanMode> INTerlaced | PROGressive | SEGMented

*RST: INTerlaced

External Trigger (R&S RTH1002)
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TRIGger:EXTernal:LEVel <Level>

Sets the trigger voltage level.

Parameters:

<Level> Range: -10 to 10
Increment: 1E-3
*RST: 0

Default unit: V

TRIGger:EXTernal:SLOPe <Slope>

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

Parameters:
<Slope> POSitive | NEGative | EITHer

*RST: POSitive

Pattern Trigger (R&S RTH-K19)

See also Chapter 3.6.7, "Pattern Trigger (R&S RTH-K19)", on page 62.
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TRIGGEr PATTErN: WIDTHIDELTA. ittt te et e ee e e e e e e et ettt e e e e e e e e e e e e aaaaeeeeeeneeees 320
TRIGger:PATTern:WIDTh:MINWIALh. ... .o e e 321
TRIGger:PATTern:WIDTh:MAXWIALN. ...cueiieeeee e 321

TRIGger:PATTern:STATe[:CHANnel<m>] <State>
Sets the state of each input channel. The channel is specified by the channel suffix:

The logical combination of the channel states is defined by TR1Gger: PATTern:
STATe:COMBination.

Suffix:
<m> 1..4: analog channel 1 to 4
8..15: digital channels DO to D7

Parameters:
<State> ONE | ZERO | DONTcare

ONE
The signal value is above the defined threshold.

ZERO
The signal value is below the defined threshold.

DONTcare
The signal state does not matter.

*RST: DONTcare

TRIGger:PATTern:STATe:COMBination <ChCombination>

Sets the logical combination for all active channels. The required state of each channel
is defined by TRIGger: STATe : CHANne 1l <m>.

Parameters:
<ChCombination>  AND | OR

*RST: AND

TRIGger:PATTern:WIDTh:RANGe <Condition>

Adds additional time limitation to the pattern defined by TRIGger: PATTern: STATe [ :
CHANnel<m>] and TRIGger:PATTern:STATe:COMBination.

Parameters:
<Condition> ANY | TIMeout | LONGer | SHORter | EQUal | NEQual |
WITHin | OUTSide
ANY
Triggers on all runts fulfilling the level condition, without time lim-
itation.

Triggers if the signals match the pattern definition for a minimum
time, which is specified by TRIGger: PATTern: TIMeout [ :
TIME].



Waveform Setup

LONGer | SHORter
Triggers on pulses shorter or longer than a runt width that is
defined by TRIGger : RUNT : WIDTh.

EQUal | NEQual

Triggers pulses with a width equal or unequal to a given width
and an optional tolerance defined by TRTIGger : RUNT : WIDTh
and Runt Width

WITHin | OUTSide

Triggers on pulses inside or outside a given range. The range is
defined by ..

*RST: LONGer

TRIGger:PATTern:TIMeout[: TIME] <Time>

Sets a minimum time during which the signals match the pattern definition defined by
TRIGger:PATTern:STATe [ : CHANnel<m>] and TRIGger:PATTern:STATe:
COMBination.

The command is required if TRIGger : PATTern:WIDTh:RANGe is set to TIMeout.

Parameters:

<Time> Range: 100E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:PATTern:WIDTh[:WIDTh] <Duration>
Sets the width for comparison ranges LONGer, SHORter, EQUal and NEQual.

See TRIGger:PATTern:WIDTh:RANGe on page 319.

Parameters:

<Duration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:PATTern:WIDTh:DELTa <Tolerance>

Sets a range At to the pattern width that is defined by TR1Gger : PATTern:WIDTh[ :

WIDTh].

Parameters:

<Tolerance> Range: 0 to 5000
Increment: 500E-12
*RST: 0

Default unit: s
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TRIGger:PATTern:WIDTh:MINWidth <MinDuration>

Sets the lower time limit of the pattern match for range conditions WITHin and OUT-

Side.

Parameters:

<MinDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:PATTern:WIDTh:MAXWidth <MaxDuration>

Sets the upper time limit of the pattern match for range conditions WITHin and OUT-

Side.

Parameters:

<MaxDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

15.3.5.8 State Trigger (R&S RTH-K19)

See also Chapter 3.6.8, "State Trigger (R&S RTH-K19)", on page 64.
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TRIGger:STATe:CHANnel<m> <State>
Sets the state of each input channel. The channel is specified by the channel suffix:

The logical combination of the channel states is defined by TRIGger: STATe:

COMBination.
Suffix:
<m> 1..4; analog channel 1 to 4
8..15: digital channels DO to D7
Parameters:
<State> ONE | ZERO | DONTcare
ONE
The signal value is above the defined threshold.
ZERO
The signal value is below the defined threshold.
DONTcare
The signal state does not matter.
*RST: DONTcare
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TRIGger:STATe:COMBination <ChCombination>

Sets the logical combination for all active channels. The required state of each channel
is defined by TRIGger : PATTern: STATe [ : CHANnel<m>].

Parameters:
<ChCombination>  AND | OR

*RST: AND

TRIGger:STATe:CSOurce[:VALue] <Source>
Sets the input channel of the clock signal.

Parameters:
<Source> C1|C2|C3|C4|D0|D1|D2|D3|D4|D5|D6|D7
*RST: C1

TRIGger:STATe:CSOurce:EDGE <Slope>
Sets the edge of the clock at which the instrument checks the signal states.

Parameters:
<Slope> POSitive | NEGative | EITHer

*RST: POSitive

15.3.5.9 Runt Trigger (R&S RTH-K19)

See also Chapter 3.6.9, "Runt Trigger (R&S RTH-K19)", on page 65.

TRIGQErLEVEl<KM>:RUNT:LOWET......cciiiiiiiiiiiiintnnaaae e e e e e e e e e e e e e e aeaeeeeeeeeeeeeeaessnsan s 322
TRIGQErLEVEl<KM>:RUNT:UPPEI ..ot e e e e e e e e e e e e e e e e e e e ee e e 322
TRIGGENRUNT:POLAIIY. ... eaeaeeeee e e e e eeeeeeeeeeeeeeeeeeeeetaeeee s s e s e e e e e e e e aeaeeaeeeeeeeeeeneneenennnnnnnn 323
TRIGGENRUNT:RANGE. ....coevtiiiitiiitiitieiaeeieie e et eeeeeeeeeee et eeeeeeeesasrab b seseseasasaaaassseereens 323
TRIGGENRUNTWID TN uttitieiieeie e e e e e cciiiee et e e e e e e e e e s e s st tee e e e eeaaesesssannnntasaeeeeaaasessasannnsnnes 323
TRIGGENIRUNTDELTA. ...iiieiiiiiieeieieiiiintt i rearaseseseeeeeeaeaeeeeeeeeeeeeeeesatnrnsana i aaaaeseeaaaaaaasaees 324
TRIGGErNRUNT:MINWIALN. ...ttt e e e e e e 324
TRIGGErNRUNTMAXWIALN. .. ..ttt ettt e e et e e e e e eaaae 324

TRIGger:LEVel<m>:RUNT:LOWer <Level>
TRIGger:LEVel<m>:RUNT:UPPer <Level>

Set the upper and lower levels that limit the runt.
Suffix:

<m> 1.4
Indicates the trigger source: analog channel 1 to 4
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Parameters:

<Level> Range: -10 to 10
Increment: 1E-3
*RST: 0

Default unit: V

TRIGger:RUNT:POLarity <Polarity>
Sets the pulse polarity, that is the direction of the first pulse slope. You can trigger on:

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

Parameters:
<Polarity> POSitive | NEGative | EITHer

*RST: POSitive

TRIGger:RUNT:RANGe <Condition>

Defines an additional time limit of the runt pulse.

Parameters:

<Condition> ANY | LONGer | SHORter | EQUal | NEQual | WITHin | OUTSide
ANY
Triggers on all runts fulfilling the level condition, without time lim-
itation.

LONGer | SHORter
Defines a minimum time during which the signals match the pat-
tern definition. The minimum time is defined by

EQUal | NEQual

Triggers on pulses equal or not equal a given runt width that is
set using TRIGger : RUNT : WIDTh. In addition, a tolerance can
be set around the specified width using TRTGger : RUNT : DELTa

WITHin | OUTSide
Triggers on pulses inside or outside a given range. The range is
set using ... and ....

*RST: LONGer

TRIGger:RUNT:WIDTh <Duration>
Sets the width for comparison ranges EQUal, UNEQual, SHORter, and LONGer.

See TRIGger :WIDTh:RANGe.
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Parameters:

<Duration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:RUNT:DELTa <Tolerance>

Sets a range At to the specified width, which is defined using TRIGger : RUNT : WIDTh.

Parameters:

<Tolerance> Range: 0 to 5000
Increment: 500E-12
*RST: 0

Default unit: s

TRIGger:RUNT:MINWidth <MinDuration>

Sets the lower time limit of the runt for comparisons WITHin and OUTSide.

Parameters:

<MinDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:RUNT:MAXWidth <MaxDuration>
Sets the upper time limit of the runt for comparisons WITHin and OUTSide.

Parameters:

<MaxDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

Slew Rate Trigger (R&S RTH-K19)

See also Chapter 3.6.10, "Slew Rate Trigger (R&S RTH-K19)", on page 67.

TRIGQErLEVEISKM > SLEW:LOWE ... uuieieeieieieeeeeeeeeeeeeeeeeeeeeresasbabssaeeeseseeeeeaeaaeaeeseereeeens 325
TRIGQErLEVEISKM > SLEWIUPPET ... .uciiieie e e i e e e ee e e eeee ettt s e s e e e e e e e aaaaaaaaeeeeeeeees 325
TRIGQENSLEW:SLOPE. ... tuttiteeiiieieie e et e e e e e e e e et et e e e eeeaeae et aaaaeseeeeeaaaaaasaseeeeeeeneenes 325
TRIGGENSLEWIRANGE. ...ttt ettt e e e e e e e e e e e e e e e e e e eeaeeeeenbnban s 325
TRIGGENSLEW:RATE. . ...ttt ettt ettt e et e et e e e e e e e e e e e eaaeaannas 325
TRIGGEISLEVV DELTaA. .ttt it ettt ettt et e et e e e e e et e et e e s e e e e e ea e ea e e e eeanaeannes 326
TRIGGErSLEW:MINWIALN. ...ttt e e e e e e e 326
TRIGGErSLEW:MAXWIAIN. ..ttt ettt e e e e e e e e e e nna e 326
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TRIGger:LEVel<m>:SLEW:LOWer <Level>
TRIGger:LEVel<m>:SLEW:UPPer <Level>

Set the upper and lower voltage thresholds, respectively. The time measurement starts
when the signal crosses the first trigger level - the upper or lower level depending on
the selected slope - and stops when the signal crosses the second level.

Suffix:
<m> 1.4
Indicates the trigger source: analog channel 1 to 4
Parameters:
<Level> Range: -10 to 10
Increment: 1E-3
*RST: 0

Default unit: V

TRIGger:SLEW:SLOPe <Slope>

Sets the edge direction for the trigger.

Parameters:

<Slope> POSitive | NEGative | EITHer
*RST: POSitive

TRIGger:SLEW:RANGe <Condition>

Defines the time limits of the slew rate.

Parameters:

<Condition> LONGer | SHORter | EQUal | NEQual | WITHin | OUTSide

LONGer | SHORter
Triggers on pulses shorter or longer than a runt width that is set
using TRIGger : SLEW: RATE.

EQUal | NEQual

Triggers on pulses equal or not equal a given runt width that is
set using TRIGger : SLEW: RATE. In addition, a tolerance can be
set around the specified width using TRIGger : RUNT: DELTa.

WITHin | OUTSide
Triggers on pulses inside or outside a given range. The range is
set using ... and ....

*RST: LONGer
TRIGger:SLEW:RATE <Duration>

Sets the slew rate for comparison ranges EQUal, UNEQual, SHORter, and LONGer.

See TRIGger:SLEW: RANGe.
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Parameters:

<Duration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:SLEW:DELTa <Tolerance>

Sets a range At to the specified slew rate, which is defined using TRIGger : SLEW :
RATE.

Parameters:

<Tolerance> Range: 0 to 5000
Increment: 500E-12
*RST: 0

Default unit: s

TRIGger:SLEW:MINWidth <MinDuration>

Sets the lower time limit of the transition time for comparisons WITHin and OUTSide.

Parameters:

<MinDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:SLEW:MAXWidth <MaxDuration>

Sets the upper time limit of the transition time for comparisons WITHin and OUTSide.

Parameters:

<MaxDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

Data2Clock Trigger (R&S RTH-K19)

See also Chapter 3.6.11, "Data2Clock Trigger (R&S RTH-K19)", on page 68.

TRIGger:DATatoclock:DSOUICE[:VALUE].......ceeeeieieieiereiteeeeeeeseeeeeeeaeaeeeeeeeeeereseessnennnnnnnans 327
TRIGger:DATatocloCk:CSOUICE[:VALUE]....ctvvtu e eeeeeieaeeeeeeeeiee e e e e eeeata s e e e eeeanaaeseeeeensanaeaaees 327
TRIGger:DATatoclock:CSOUICEIEDGE.......ccciiiiiiieeeeei ettt e e e e e e e e e e aaeeeeeeeees 327
TRIGger:DATatoCIOCK:CONDIION. ......eeieeeeeeeeeeeeeeceeeieiiie e e e e e e e e e e e e e e e eeeeeeeeeeeeeneenennnnnnan 327
TRIGQGEr:DATAtOCIOCK HTIME...eevitititiiiieeeee et eeeeee e e e e eeee et e e eeeee et se s e e e e eeeaaaaaaaeeeeees 327
TRIGQEr:DATAtOCIOCK:STIME. .. .ceieeeeeeieeeeeeeeeeeteie e e e e e s e e e e e eeeeaeeeseeeeeeeeeaessararaaaansns 328
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TRIGger:DATatoclock:DSOurce[:VALue] <Source>
Selects the input channel of the data signal.

Parameters:
<Source> C1|C2|C3|C4|D0|D1|D2|D3|D4|D5|D6|D7
*RST: C1

TRIGger:DATatoclock:CSOurce[:VALue] <Source>

Selects the input channel of the clock signal.

Parameters:

<Source> C1|C2|C3|C4|D0|D1|D2|D3|D4|D5|D6|D7
*RST: C1

TRIGger:DATatoclock:CSOurce:EDGE <Slope>

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

Parameters:
<Slope> POSitive | NEGative | EITHer
*RST: POSitive

TRIGger:DATatoclock:CONDition <TrigCondition>

Selects how a violation of the setup and hold time is handled.
Parameters:

<TrigCondition> VIOLation | OK

VIOLation
Triggers on a violation of the setup or hold time

OK
Triggers if setup and hold time keep the limits.

*RST: VIOLation

TRIGger:DATatoclock:HTIMe <HoldTime>
Sets the minimum time after the clock edge while the data signal must stay steady.

The hold time can be negative. In this case, the setup time has to be positive. The
setup time is defined by TRTIGger:DATatoclock: STIMe.
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Parameters:

<HoldTime> Range: -124E-9 to 124E-9
Increment: 1E-9
*RST: 1E-9

Default unit: s

TRIGger:DATatoclock:STIMe <SetupTime>
Sets the minimum time before the clock edge while the data signal must stay steady.

The setup time can be negative. In this case, the hold time has to be positive. The
setup time is defined by TRTGger:DATatoclock: HTIMe.

Parameters:

<SetupTime> Range: -124E-9 to 124E-9
Increment: 1E-9
*RST: 1E-9

Default unit: s

15.3.5.12 Serial Pattern Trigger (R&S RTH-K19)

TRIGQEr:SPATIErN:DSOUICE[:VALUE]. c..etetetentaaaaaaeae e e e e e e eeaeaeeeeeeeeeeeeeeeeenennnneeaeaaaaeeeeeeas 328
TRIGQEr:SPATIEN:CSOUICE[:VALUE]....evutettttitcieeeaeieieeeeeeeeeeeeeeeeeeeeeeeeeerarabaaaa e aeaeas 328
TRIGQer:SPATtern:CSOUICE:EDGE......uuuiiiieeeeeieecciriieeieeee e e e e e e s eecrrrereee e e e e e e e e e s e snnneneeees 328
TRIGger:SPATtern:CSOUICe:FIRSIEAGE. .....ivvieiieieieieiiiticeiie i e ie e e e e e eeeeeeeeeeeeeeeeeeesenennnnaaaaas 329
TRIGGEN SPATEEINIORDET . ... ittt e e e et e e e ettt ettt e e e e e e e e e e e e aaaeaeaeeeeeaeeeeessnnnnnnanan 329
TRIGGEr SPATEINIPAT TEIN. .. ee i i eeeeeeeeee ettt e e e e e e e e e e aaaaaaeeaeeeeeeaneneeasnsnnnnans 329

TRIGger:SPATtern:DSOurce[:VALue] <Source>
Selects the input channel of the data signal.

Parameters:
<Source> C1|C2|C3|C4|D0O|D1|D2|D3|D4|D5|D6|D7
*RST: C1

TRIGger:SPATtern:CSOurce[:VALue] <Source>
Sets the input channel of the clock signal.

Parameters:
<Source> C1|C2|C3|C4|D0|D1|D2|D3|D4|D5|D6|D7
*RST: C1

TRIGger:SPATtern:CSOurce:EDGE <Slope>
Sets the edge at which the data value is sampled.

Parameters:
<Slope> POSitive | NEGative | EITHer
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POSitive

Rising edge

NEGative

Falling edge

ElTHer

Rising and falling edges are considered (double data rate).

At double data rate, the edge at which the first bit of the pattern
is sampled is defined by TRTGger: SPATtern:CSOurce:
FIRStedge.

*RST: POSitive

TRIGger:SPATtern:CSOurce:FIRStedge <FirstClockEdge>
Sets the edge at which the first bit of the pattern is sampled.

The command is required if TRIGger: SPATtern:CSOurce:EDGE is setto Either
(double data rate).

Parameters:
<FirstClockEdge> POSitive | NEGative | EITHer

*RST: POSitive

TRIGger:SPATtern:ORDer <BitOrder>

Defines if the data words start with MSBF (most significant bit first) or LSBF (least sig-
nificant bit first).

Parameters:
<BitOrder> LSBF | MSBF

*RST: MSBF

TRIGger:SPATtern:PATTern <Pattern>

Defines the serial pattern to be triggered on.

Parameters:

<Pattern> String that contains the pattern in binary format. The parameter
accepts the bit value X (don't care).

Example: TRIGger:SPATtern:PATTern '11001100'

TRIGger:SPATtern:PATTern '110011XX'

Timeout Trigger (R&S RTH-K19)

TRIGQENTIMEOULRANGE. .......cceieieeeeeeeeetetet e ee e e et e e e e e e e e e aeaeeeeeeeeeeeeeeserabar b aneaeses 330
TRIGGENTIMEOULTIME . ... eeeieeeeeeeeeeeeeeeeeeeeee e eeeeeea et eeseeeeeeeeeaeaaaaeseseeeeeeesesssssrnranes 330
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TRIGger:TIMeout:RANGe <TimeoutMode>

Selects the relation of the signal level to the trigger level, which is specified with
TRIGger:LEVel<m>:VALue

Parameters:
<TimeoutMode> HIGH | LOW | EITHer

*RST: HIGH

TRIGger:TIMeout:TIME <Time>

Sets the time limit for the timeout at which the instrument triggers.

Parameters:

<Time> Range: 100E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

Interval Trigger (R&S RTH-K19)

TRIGQEIINTEIVALSLOPE. .. e i e i i eeeeeeeeeeeeeeeeeeeeeee e e et e e e e e e e e e e e e e e e e e e s eeeeeeeeerabassasaaanas 330
TRIGQErINTEIVAIRANGE. .......cceeeieeeeeeeeetetet e e e e e et e e e eeeaaeaeeeeeeeeeeesrersrarara i aaneses 330
TRIGGErINTENVAlWIDTN. c.ciii e e ettt e e e e e e e e e e e e e e e e e e e s seeansbsaaeeeeeaaaaeeeeeannnnennes 331
I R T T [N =Y 2= 1 ] - 331
TRIGGErINTErVal:MINWIALN. ..ccceieiieiie et 331
TRIGGErINTErVal:MAXWIALh. ... e e e e e e e e e e e e e eeeeeeeeeees 331

TRIGger:INTerval:SLOPe <Slope>

Sets the edge direction for the trigger. You can analyze the inteval between positive
edges or between negative edges.

Parameters:
<Slope> POSitive | NEGative
*RST: POSitive

TRIGger:INTerval:RANGe <Condition>

Defines how the time range of an interval is defined.

Parameters:

<Condition> LONGer | SHORter | EQUal | NEQual | WITHin | OUTSide

LONGer | SHORter
Triggers on intervals shorter or longer than an interval that is set
using TRIGger: INTerval :WIDTh.
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EQUal | NEQual

Triggers on intervals equal or not equal a given interval width
that is set using TRIGger: INTerval : WIDTh. In addition, a tol-
erance can be set around the specified width using TRIGger :
INTerval:DELTa.

WITHin | OUTSide

Triggers on intervals inside or outside a given range. The range
is set using ... and ....

*RST: LONGer

TRIGger:INTerval:WIDTh <Duration>

Sets the time between two pulses for comparisons EQUal, UNEQual, SHORter, and

LONGer.

Parameters:

<Duration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:INTerval:DELTa <Tolerance>

Sets a range At to the specified width, which is defined using TRTIGger: INTerval:
WIDTh. The command is relevant for comparisons EQUal and UNEQual.

Parameters:

<Tolerance> Range: 0 to 5000
Increment: 500E-12
*RST: 0

Default unit: s

TRIGger:INTerval:MINWidth <MinDuration>

Sets the lower time limit of the interval for comparisons WITHin and OUTSide.

Parameters:

<MinDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:INTerval:MAXWidth <MaxDuration>

Sets the upper time limit of the interval for comparisons WITHin and OUTSide.
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Parameters:

<MaxDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

Window Trigger (R&S RTH-K19)

TRIGger:LEVel<m>:WINDOW:LOWET..........cuuuiiiiiiieieeeeeeieeciesieeeeeeeeeeeessssnnnnsasneeeeeasaseseens 332
TRIGQer:LEVel<m>:WINDOW:IUPPET.....cciiiiiiiieeeeeeeee ettt s e e e e e e e e e aaaaaaaeaeeeeees 332
TRIGGENWINDOW:TIME . ..ttt e e e e e e e e e e e e e e e et et et et e aeeeeesbs b e e e e e e e e e e e e aaaaeaeeeeaneeanes 332
TRIGGErWINDOWIRANGE.. ... eieeeeeee ettt a e e e e e e e e e e e e e aeeeeeeeeeeeeneenensnnnns 333
TRIGGENWINDOW:WID TR ..ttt ettt ettt e e et e e e e et e e ee e e e e e e e e eeans 333
TRIGGENWINDOW DELT. .t ieieieiieeeeeeeeeeeeeeeeeeeeeeev et s e e e e e s eeeeeaaaaaeeeseseeeessessssasasnnnnnnns 333
TRIGGEr:WINDOW:MINWIALN......cceiiiiieieiiieeeeeeeeete it eeee e e e e e e e eeeeeeeeeeeeeeeeeesesssessasanannnas 333
TRIGGEr:WINDOW:MAXWIAIN. ..ceeeeeeieeiieiiitiieecsssese s e e e e e e e e e e e e e e e eeeeeeaeeesen e a e e s e e eeaeas 334

TRIGger:LEVel<m>:WINDow:LOWer <Level>
TRIGger:LEVel<m>:WINDow:UPPer <Level>

Set the upper and lower voltage thresholds for the window trigger, respectively. The
trigger levels are the vertical window limits.

Suffix:
<m> 1.4
Indicates the trigger source: analog channel 1 to 4
Parameters:
<Level> Range: -10 to 10
Increment: 1E-3
*RST: 0

Default unit: V

TRIGger:WINDow:TIME <Condition>
Selects how the time limit of the window is defined.

Parameters:
<Condition> LONGer | SHORter | EQUal | NEQual | WITHin | OUTSide

LONGer | SHORter

Triggers if the signal crosses the upper or lower level after/
before the time "Width" defined by TRIGger :WINDow: WIDTh

EQUal | NEQual

Triggers if the signal stays inside or outside the vertical window
limits for a time equal/uneugal to "Width" "tTolerance" defined
by TRIGger :WINDow:WIDTh and TRIGger :WINDow: DELTa.

WITHin
Triggers if the signal stays inside or outside the vertical window
limits for a time ="Min Width" AND < "Max Width".
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OUTSide
Triggers if the signal stays inside or outside the vertical window
limits for a time < "Min Width" OR > "Max Width".

*RST: LONGer

TRIGger:WINDow:RANGe <LevelRangeMode>
Selects how the signal run is compared with the window:
Parameters:

<LevelRangeMode> ENTer | EXIT | WITHin | OUTSide

ENTer | EXIT

Triggers when the signal crosses the upper or lower level and
thus enters/leaves the window made up of these two levels
which are defined by TRIGger: LEVel<m>:WINDow:UPPer
and TRIGger:LEVel<m>:WINDow:LOWer

WITHin | OUTSide

Triggers if the signal stays between/above the upper and lower
level for a specified time. The time is defined by TRIGger:
WINDow: TIME

*RST: ENTer

TRIGger:WINDow:WIDTh <Duration>
Sets the width for comparison ranges LONGer, SHORter, EQUal, NEQual.

See TRIGger :WINDow: TIME on page 332.

Parameters:

<Duration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:WINDow:DELTa <Tolerance>

Sets a range At to the specified width, which is defined using TRTIGger : WINDow:

WIDTh.

Parameters:

<Tolerance> Range: 0 to 5000
Increment: 500E-12
*RST: 0

Default unit: s

TRIGger:WINDow:MINWidth <MinDuration>

Sets the lower time limit of the stay inside or outside the window (comparisons WITHin
and OUTSide).
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Parameters:

<MinDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

TRIGger:WINDow:MAXWidth <MaxDuration>

Sets the upper time limit of the stay inside or outside the window (comparisons WITHin
and OUTSide).

Parameters:

<MaxDuration> Range: 800E-12 to 10000
Increment: 100E-9
*RST: 5E-9

Default unit: s

15.4 Waveform Analysis

15.4.1 Zoom

See also Chapter 4.1, "Zoom", on page 77.

ZOOM:ENABIE..... oot 334
ZOOMISCALE.....ceie it e 334
ZOOM:POSHHON. ...t e e e e 335

ZOOM:ENABIe <Enabled>

Enables or disables the zoom.

Parameters:
<Enabled> ON | OFF

*RST: OFF
ZOOM:SCALe <Scale>

Sets the time scale of the zoomed waveform.

Depending on the recording time not all horizontal scales are available. This is due to
the fact that, the zoom is always displaying a complete curve.

Parameters:

<Scale> Range: 1E-12 to 500
Increment: 1E-12
*RST: 100E-9

Default unit: s
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ZOOM:POSition <Position>

Sets the center position of the zoomed area in relation to the trigger point.

Parameters:

<Position> Range: -500 to 500
Increment: 1E-12
*RST: 0

Default unit: s

Automatic Measurements

In remote commands for automatic measurements, the suffix <m> defines the mea-
surement index. You can perform up to four different measurements simultaneously.

o  Measurement SEHiNGS.......cciccciiiiiiiiiii e 335
o  Measurement RESUILS.........ccccuiiiiiiiiiii e e e e e e e e e e ssnnnes 337

Measurement Settings

MEASUremMent<M>:ENABIE.........coiiiiiiiititeeeeeieie e e e e et e e e e e e eeee e e e e e eeeera e aaeaeeeeeeaens 335
MEASUremMENIKM>ISOURCE. ...uuuutuieieiieieieieeeeeeeeeieeeeeeeeeeesesrstaraa e ieseseesaaaaseessserereeeens 335
MEASUIEMENtSM>ITYPE.....coiiii it e ettt e e e e et e e e e ettt e e e e s eeate s eeeeeetateeaeerestannnnns 336
MEASUremMent<M> AOFF . ... e et e et e et e e et e e e e e e e e e eaaans 336
MEASUrement<m>:DELAY:SLOPE. ......uuuuaiaie e e e e e e e e e et e ettt e et e b e e e e e e e e e e 336

MEASurement<m>:ENABIe <State>

Enables or disables the measurement.

Suffix:

<m> 1.4
Parameters:

<State> ON | OFF

*RST: OFF

MEASurement<m>:SOURce <Source>, [<Source2>]

Defines the waveform to be measured. For delay, phase, and power measurements, 2
sources are required.

The sources can be any active input signal, math or reference waveform. Available
source waveforms depend on the measurement type, see Chapter 4.2.3, "Measure-
ment Types", on page 80.

Suffix:

<m> 1.4

Parameters:

<Source> C1|C2|C3|C4|M1|R|DO|D1|D2|D3|D4|D5|D6|D7
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<Source2> C1|C2|C3|C4|M1|R|DO|D1|D2|D3|D4|D5|D6|D7

MEASurement<m>:TYPE <Type>

Selects the measurement type. For a detailed description, see Chapter 4.2.3, "Mea-
surement Types", on page 80.

Suffix:
<m> 1.4
Parameters:
<Type> PERIiod | FREQuency | RTIMe | FTIMe | PPULse | NPULse |
PDCYcle | NDCYcle | DELay | PHASe | MEAN | RMS | CRESt |
STDDev | MINimum | MAXimum | PKPK | BASelevel |
TOPLevel | AMPLitude | OVRShoot | PREShoot | AC | DC |
ACDC | PPCount | NPCount | RECount | FECount | PWRP |
PWRS | PWRQ | PWRFactor
*RST: MINimum
RTIMe Rise time PREShoot Preshoot
FTIMe Fall time PPCount Positive pulse count
PPULse Positive pulse width NPCount Negative pulse count
NPULse Negative pulse width RECount Rising edge count
PDCYcle Positive duty cycle FECount Falling edge count
NDCYcle Negative duty cycle PWRP Active power
STDDev Standard deviation PWRS Apparent power
PKPK Peak to peak PWRQ Reactive power
OVRShoot Overshoot PWRFactor Power factor

MEASurement<m>:AOFF

Disables all active measurements.

Suffix:
<m> 1.4

The suffix is irrelevant.
Usage: Event

MEASurement<m>:DELay:SLOPe <Slope>

Sets the slope for the delay measurement type.
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Suffix:

<m> 1.4

Parameters:

<Slope> POSitive | NEGative | EITHer
POSitive
Delay between the first rising edge of each source waveform.
NEGative
Delay between the first falling edge of each source waveform.
ElTHer

Delay between the first edge of each source waveform, no mat-
ter if it is rising or falling.

*RST: POSitive

15.4.2.2 Measurement Results

MEASurement<m>:RESult:ACTual?

Returns the result of the indicated measurement.

Suffix:

<m> 1.4

Return values:

<Result> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Usage: Query only

MEASurement<m>:RESult:LIMit?

Indicates whether the measurement results are inside the measurement range, or out-
side (clipping).

Suffix:

<m> 1.4

Return values:

<ResultLimit> INSide | OVERflow | UNDerflow | OVUNflow
*RST: INSide

Usage: Query only
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15.4.3 Cursor Measurements

The following commands are required for common R&S RTH cursor measurements.
Special commands are available for Spectrum mode, see Chapter 15.6.2.2, "Cursor
Measurements in Spectrum Mode", on page 359.
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o Cursor Measurement RESUILS. ......coieue it ena s 339

15.4.3.1 Cursor Settings

CUR SO S T AT . e ettt ettt e et e et e e ettt e e et e e e eae e e et e e eeta e seaaaeesanaeeennaaeennnaaeen 338
(61012 To ot =B | N (@1 To o TSN 338
CURSOIMSOURGE. ...cceteeeeeeeeetee ettt et e et e et e e e eeae e e e ea e e e e e e e eaeeeeeaaeeeean e e ennneeesaeeennnees 338
CURSOICOUPIING. ettt eeeeeeeeeee ettt e e e e e s e e e e e e eeeeeaeeeeeeeereeeesssrababaaraaanaaeseseas 338
(o012 Te st 101 = T Vo TR 339
CURSOIMSCREEN. ...cvuuieieeiiettie i ee e eeettee e e e ettt e e e e e e eeat e s eeeeee bt eaeeseataaeesersstaaeaesersannaaaeens 339
CURSOIMEASUrement<mM>:TYPE...... oot ettt e e et e e e e e e eaeeeee 339
CURSor:STATe <State>

Enables or disables the cursor measurement.

Parameters:
<State> ON | OFF

*RST: OFF

CURSor:FUNCtion <Type>

Defines the type of the cursor measurement.

Parameters:

<Type> VERTical | HORizontal | TRACking | MEASure
See Chapter 4.3.2, "Cursor Types and Results", on page 86.
*RST: VERTical

CURSor:SOURce <Source>

Defines the source on which the cursor measurement is performed. The source setting
is not relevant for the vertical cursor type.

Parameters:
<Source> C1|C2|C3|C4|M1|DO|D1|D2|D3|D4|D5|D6|D7
*RST: C1

CURSor:COUPIling <Coupling>

Couples the cursor lines so that the distance between the two lines remains the same
if one cursor is moved.
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Parameters:
<Coupling> ON | OFF

*RST: OFF

CURSor:SCPLing <ScaleCoupling>

If ON, the position of the cursor lines is adjusted if the vertical or horizontal scales are
changed. If OFF, the cursor lines remain on their position on the display if the scaling is
changed.

Parameters:
<ScaleCoupling> ON | OFF

*RST: OFF
CURSor:SCReen

Sets the cursors to a default position on the screen.

Usage: Event

CURSor:MEASurement<m>:TYPE <Type>

Sets the automatic measurements to be performed on the source waveform between
the cursor lines. The setting is only available if CURSor : FUNCtion is set to MEASure.

Suffix:

<m> 1.2
Defines the measurement index. Two simultaneous cursor mea-
surements can be performed.

Parameters:

<Type> PERIiod | FREQuency | RTIMe | FTIMe | PPULse | NPULse |

PDCYcle | NDCYcle | MEAN | RMS | CRESt | STDDev |
MINimum | MAXimum | PKPK | BASelevel | TOPLevel |
AMPLitude | OVRShoot | PREShoot | AC | DC | ACDC |
PPCount | NPCount | RECount | FECount

See MEASurement<m>:TYPE on page 336.
*RST: MINimum

Cursor Measurement Results
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CURSOr:-MEASUrement<m>:RESUIEACTUAI?. ... .cuuiieeii e e e e e e e e e eanas 341
CURSOr:MEASUrement<m>:RESUIELIMIt?.....ccuiiiiiieiie et e e e e e e e et e e e s e ranas 341
CURSor:TDELta?

Returns the time difference A between to vertical cursor lines.

Return values:

<ResultDeltaT> Range: -100E+24 to 100E+24
*RST: 0
Usage: Query only

CURSor:ITDelta?
Returns the inverse value of time difference between to vertical cursor lines1/At.

Return values:

<ResultDeltaTInv>  Range: -100E+24 to 100E+24
Increment: 0
*RST: 0

Usage: Query only

CURSor:X1Position <UserX1>
CURSor:X2Position <Userx2>

Set the horizontal positions t1 and t2 (time) of the vertical cursor lines.

Parameters:

<UserX1>, <UserX2> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

CURSor:DELTa?

Returns the absolute value of the difference between the positions of horizontal cursor

lines Ay.

Return values:

<ResultDelta> Range: -100E+24 to 100E+24
*RST: 0

Usage: Query only

CURSor:Y1Position <UserY1>
CURSor:Y2Position <UserY2>

Set the vertical positions y1 and y2 of the horizontal cursor lines.
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Parameters:

<UserY1>, <UserY2> Range: -100E+24 to 100E+24
Increment: 100E-6
*RST: 0

Default unit: V

CURSor:Y1AMplitude?
CURSor:Y2AMplitude?

Return the vertical values of the crossing points between the tracking cursors and the
source waveform.

Return values:

<ResultAmplitude1> Range: -100E+24 to 100E+24
<ResultAmplitude2> *RST: 0
Usage: Query only

CURSor:MEASurement<m>:RESult:ACTual?
Returns the result of the indicated cursor measurement.

Suffix:

<m> 1.2
Defines the measurement index. Two simultaneous cursor mea-
surements can be performed.

Return values:

<Result> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Usage: Query only

CURSor:MEASurement<m>:RESult:LIMit?
Indicates whether the measurement results are inside the measurement range, or out-
side (clipping).

Suffix:

<m> 1.2
Defines the measurement index. Two simultaneous cursor mea-
surements can be performed.

Return values:

<ResultLimit> INSide | OVERflow | UNDerflow | OVUNflow
*RST: INSide
Usage: Query only
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15.4.4 Math Waveforms

15.4.4.1

Math Settings

(07 A M O F=Y (oY N I X 1A L= 342
CALCulate:MATH[:EXPRESSION][:DEFINE].......ccceeeiiieieeerererereriiiiiiiaaeieieseeeeeeeaeseseesereeeeeees 342
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CALCulate:MATH:VERTICA:POSIION. ...ttt e eea s 343

CALCulate:MATH:STATe <State>
Enables or disables the math channel.

Parameters:
<State> ON | OFF

CALCulate:MATH[:EXPRession][:DEFine] <ExprDefinition>
Sets the operation to calculate a math waveform.

Parameters:
<ExprDefinition> String that defines the operation. x is the channel number of
source 1, y the channel number of source 2.
Addition: 'Cx+Cy'
Subtraction: 'Cx-Cy'
Multiplication: 'Cx*Cy'
Inverse: '-Cx'
Absolute value: 'Abs(Cx)'
Square: 'Pow(Cx)'

Example: CALC:MATH:EXPR:DEF 'Cl-C2'
Subtracts the values of CH2 from the values of CH1.
CALC:MATH:EXPR:DEF 'Pow (C1)'
Squares the values of CH1.

CALCulate:MATH:VERTical:SCALe <Scale>
Sets the vertical scale (vertical sensitivity) of the math waveform.

Parameters:
<Scale> Scale value, in V/div.

CALCulate:MATH:VERTical:RANGe <Position>

Sets the voltage range across the 8 vertical divisions of the diagram. Use the com-
mand alternatively to CALCulate:MATH:VERTical:SCALe.



15.4.5

Waveform Analysis

Parameters:
<Position> Voltage value of the range

CALCulate:MATH:VERTical:POSition <Position>
Moves the math waveform or down in the diagram.

Parameters:
<Position> Position value, given in divisions.

Reference Waveforms
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REFCurve:SOURce <Source>

Selects the waveform to be taken as reference waveform.

Parameters:

<Source> C1|C2|C3|C4|M1
*RST: C1

REFCurve:UPDate

Creates the reference waveform from the source waveform.

Usage: Event

REFCurve:STATe <State>
Activates or deactivates the reference waveform.

Parameters:
<State> ON | OFF

REFCurve:POSition <Position>
Sets the vertical position of the reference waveform.

Parameters:
<Position> Default unit: DIV
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REFCurve:NAME <Name>
Defines the path, file name and file format of the reference waveform file.

The default path is C: /Users/<user>/Rohde-Schwarz/RTH/ReferenceCurves.

Parameters:

<Name> String

Example: :REFCurve:NAME 'C:
/Users/userl/Rohde-Schwarz/RTH/ReferenceCurves/reference00

REFCurve:SAVE

Saves the reference waveform. The target file is specified using REFCurve : NAME.

Usage: Event

REFCurve:OPEN

Loads a stored reference waveform from the specified file. The file is specified using
REFCurve : NAME.

Usage: Event

REFCurve:DELete
Deletes a stored reference waveform file. The file is specified using REFCurve : NAME.

Usage: Event

15.4.6 History (Option R&S RTH-K15)

In CHANnell :HISTory commands, the channel suffix is irrelevant, omit it.

See also: Chapter 4.7, "History (Option R&S RTH-K15)", on page 96
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CHANRNEISM>HISTOrY:TSDAIE?.c.cvvtiiiiiiiiieieieieieeeeeeeeeeeeeeeeeeeeeeeeeerab b e e e s eeeeaeaaaaeens 347
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CHANnel<m>:HISTory[:STATe] <State>

Enables or disables the history function.

Suffix:

<m> Suffix is irrelevant, omit it.
Parameters:

<State> ON | OFF

*RST: OFF

CHANnel<m>:HISTory:NSEGments <Depth>
Sets the approximate number of waveforms to be stored.

See also "Number of Segments" on page 97.

Suffix:

<m> Suffix is irrelevant, omit it.
Parameters:

<Depth> LOW | MEDium | HIGH

*RST: LOW

CHANnel<m>:HISTory:TPACq <PlayerSpeed>

Defines how fast the history player shows the stored waveforms.

Suffix:

<m> Suffix is irrelevant, omit it.
Parameters:

<PlayerSpeed> AUTO | SLOW | MEDium | FAST

*RST: AUTO

ACQuire:AVAilable?
Shows the number of segements that are stored in the history.

Return values:
<AvailableAcqs> Range: 0 to 5000

Increment: 1
*RST: 0
Usage: Query only

CHANnel<m>:HISTory:STARt <StartAcqldx>

Sets the index of the first (older) history segment that you want to see in the history
player. To query the number of available segments, use ACQuire:AVAilable?.
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Suffix:
<m> Suffix is irrelevant, omit it.
Parameters:
<StartAcqldx> Range: -4999 to 0
Increment: 1
*RST: 0

CHANnel<m>:HISTory:STOP <StopAcqldx>

Sets the index of the last (newer) history segment that you want to see in the history
player. To query the number of available segments, use ACQuire:AVAilable?. The
newest segment has always the index "0". Older segments have a negative index.

Suffix:
<m> Suffix is irrelevant, omit it.
Parameters:
<StopAcqldx> Range: -4999 to 0
Increment: 1
*RST: 0
Example: CHANnel:STARt -199

CHANnel :STOP -100
The segments 101 (index -100) to 200 (index -199) in the history
player.

CHANnel<m>:HISTory:CURRent <CurrAcqldx>

Accesses a particular segment in the memory to display it. The query returns the index
of the segment that is shown.

To determine the number of stored segments, use ACQuire:AVAilable?.

Suffix:

<m> Suffix is irrelevant, omit it.

Parameters:

<CurrAcqldx> History index: the newest segment has the index "0", older seg-

ments have a negative index: -(n-1), .... -1, 0
n is the number of acquired segments.

Range: 0 to -(n-1)
Increment: 1
*RST: 0

CHANnel<m>:HISTory:PLAY
Starts and stops the playback of the history segments.

Suffix:
<m> Suffix is irrelevant, omit it.
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Example: CHANnel :HISTory:PLAY; *OPC
See also Chapter B, "Command Sequence and Synchroniza-
tion", on page 514.

Usage: Event
Asynchronous command

CHANnNel<m>:HISTory:REPLay <AutoRepeat>

If set to ON, the playback of the selected history segments repeats automatically.

Suffix:

<m> Suffix is irrelevant, omit it.
Parameters:

<AutoRepeat> ON | OFF

*RST: OFF

CHANnel<m>:HISTory:TSABsolute?

Returns the abolsute daytime of the current segment (CHANnel<m>:HISTory:
CURRent).

Suffix:
<m> Suffix is irrelevant, omit it.

Return values:
<TimeStampAbsTime>8tring containing the time and unit.

Usage: Query only

CHANnNel<m>:HISTory:TSDate?
Returns the date of the current segment (CHANnel<m>:HISTory:CURRent).

Suffix:
<m> Suffix is irrelevant, omit it.

Return values:
<TimeStampAbsData>String with date of the current acquisition (absolute time)

Usage: Query only

CHANnNel<m>:HISTory:TSRelative?

Returns the relative time of the current segment - the time difference to the newest
segment (index = 0).

See also CHANnel<m>:HISTory:CURRent.

Suffix:
<m> Suffix is irrelevant, omit it.
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Return values:
<TimeStampRel> String containing the relative time in seconds.

Usage: Query only

Mask Testing

Mask Definition

The suffix <m> selects the mask channel for which the command is executed. The
number of channels depends on the instrument type. The R&S RTH1004 has 5 mask
channels, the suffix values are 12| 3|4 | 5. The R&S RTH1002 has 3 mask chan-
nels, the suffix values are 1 | 2| 5. Suffix 5 is used for the mask on a math waveform.

MASK CHANNEISMS IS TATE. ..ceu i iiiee e ieiee e e et et e e et eeeeae e e et e e e et e e e eaneesaanaeeetnaaennnnnns 348
MASK:CHANRNel<m>:PROPerties: XWIDth..........ccuiiiiniiiiieeee e 348
MASK:CHANNEI<KM>:PROPErti€S:YWIDIN. .. cueieieeee et enas 348
MASK:CHANNEIKM>:CREAIEMASK. ... .ccevunieieiee it et et e e e e e e e e e e eeeeans 349

MASK:CHANnNel<m>:STATe <State>

Turns the selected mask on or off.

Suffix:

<m> 1125 (RTH1002) , 1..5 (RTH1004)
Parameters:

<State> ON | OFF

*RST: OFF

MASK:CHANnel<m>:PROPerties:XWIDth <WidthX>

Changes the width of the selected mask in horizontal direction.

Suffix:
<m> 1|25 (RTH1002) , 1..5 (RTH1004)
Parameters:
<WidthX> Range: 0 to 10
Increment: 0.01
*RST: 0.05

Default unit: div

MASK:CHANnNel<m>:PROPerties:YWIDth <WidthY>

Changes the width of the selected mask in vertical direction.
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15.5.2

Suffix:
<m> 1125 (RTH1002) , 1..5 (RTH1004)
Parameters:
<WidthY> Range: 0 to 8
Increment: 0.01
*RST: 0.1

Default unit: div

MASK:CHANnNel<m>:CREatemask

Creates a mask from the envelope waveform of the selected waveform with the
defined width in x and y direction.

Suffix:
<m> 112|5 (RTH1002) , 1..5 (RTH1004)

Usage: Event

Mask Test

MASK:ONViolation[:SELECHON].....uiitieiiee e et e e e et e e e e e e eaaas
NS T S S [ PP
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MASK:CHANnNel<m>:RESUlt:FAIL:PERCENtAGE?...cc.uiieeeeeieieeeee et
MASK:CHANRNel<m>:RESUIt:FAILECOUNL ?...ceee et e e e
MASK:CHANnNel<m>:RESUlt:PASS:PERCENIAgE?......civuiiieiiii e
MASK:CHANnNel<m>:RESUIt:PASS[:COUNLI?.....iiriii e e e
MASK:CHANNel<m>:RESUIt: TOTL:COUNL]2....ie et e e e
MASK:ELAPSEAtME: TOTaAI?. ..ttt ettt e et e e e e e e e e e
MASK: ELAPSEAtME:SECS] 2. eeiiiiieiieeieiee e ee e et e e et e e e e e e e e e e e e eee e e e e e e ennanees

MASK:ONViolation[:SELection] <SelectedActions>

Defines the action to be executed if a violation occurs.

Parameters:

<SelectedActions> NONE | STOP | BEEP | BPSTop
*RST: NONE

MASK:RST

Sets the counters of passed and failed acquisitions to Zero.

Usage: Event

...350
...350
...350
.. 350
...351
... 351
... 351
... 352
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MASK][:TESTstate]?
Returns the state of the mask test.

Return values:

<TestState> NOMask | IDLE | RUNNing
NOMask
No mask is active and no testing possible.
IDLE
Mask test has been stopped or not yet started.
RUNNing
Test ist running.
*RST: NOMask
Usage: Query only

MASK:CHANnel<m>:RESult:FAIL:PERCentage?

Returns the percentage share of failed acquisitions.

Suffix:
<m> 1]2]5 (RTH1002) , 1..5 (RTH1004)
Return values:
<ResultFailed> Range: 0 to 100
Increment: 0.1
*RST: 0

Default unit: %

Usage: Query only

MASK:CHANnel<m>:RESult:FAIL[:COUN(t]?

Returns the number of failed acquisitions.

Suffix:
<m> 112|5 (RTH1002) , 1..5 (RTH1004)
Return values:
<ResultFailed> Range: 0to O
Increment: 1
*RST: 0
Usage: Query only

MASK:CHANnel<m>:RESult:PASS:PERCentage?
Returns the percentage share of passed acquisitions.

Suffix:
<m> 112|5 (RTH1002) , 1..5 (RTH1004)
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Return values:

<PassedPercentage> Range: 0 to 100
Increment: 0.1
*RST: 0

Default unit: %

Usage: Query only

MASK:CHANnel<m>:RESult:PASS[:COUNt]?

Returns the number of passed acquisitions.

Suffix:
<m> 112|5 (RTH1002) , 1..5 (RTH1004)
Return values:
<ResultPassed> Range: 0to O
Increment: 1
*RST: 0
Usage: Query only

MASK:CHANnel<m>:RESult:TOTL[:COUN{]?

Returns the number of tested acquisitions.

Suffix:
<m> 112|5 (RTH1002) , 1..5 (RTH1004)
Return values:
<ResultTotal> Range: 0toO
Increment: 1
*RST: 0
Usage: Query only

MASK:ELAPsedtime:TOTal? <Day>, <Hour>, <Min>, <Sec>
Returns the test duration.

Query parameters:

<Day> Test time in days.
<Hour> Test time in hours.
<Min> Test time in minutes.
<Sec> Test time in seconds.

Return values:
<ZSec> Test time in deciseconds.

Usage: Query only
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Spectrum Analysis

MASK:ELAPsedtime[:SECS]?
Returns the test duration in seconds.

Return values:
<Sec> Time in seconds

Usage: Query only

Spectrum Analysis

L I o o 1 oo = S 352
o Spectrum Mode (R&S RTH-KT18)......uuuiiiiiiieiiiiicciiiieee e e 355
e Harmonic Mode (R&S RTH-B34)........ccoiiiiiiiiiiiiieee ittt 366
FFT Mode

To activate FFT mode, use OP FFT (see OP [ : MODE] on page 298).
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SPECHUM:FREQUENCY:CENTE . ...cutttittutuiaaaaeieieeeeeeeaeaeeeeeereeeeeeeeesnresennnnnaaaaeaeaeeaaaaaaeees 353
SPECtrum:FREQUeNCY:HORIZONtAIISCALE.......ccieeieeieieeeeieeeeieiiet e e e e e e e eeeees 353
SPECtrum:FREQUENCY:MAGNItUAEISCALE. ..ccevitiieuiiiiaaaaeie e e e e e e e e e e e e eeeeeeeeeeeeeeeeeeeeennananas 353
SPECtrUmM:FREQUENCY:SAMPIE? ...ttt e e e e e e e e e e e e e e e e e e e e e eeeeeeeenennnnns 353
SPECtrum:FREQUENCY:SPAN:MODE...... .ottt e e e e 354
SPECHUM:FREQUENCY:SPANLVALUE]. ... eeeeseeeeseeseeseeeeeeseeseeeeseseeseseesesesesssesseneseenes 354
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SPECtrum:FREQUENCY:WINDOW:TYPE......cciiiiiiiiiiiiiieeieitie e e e e e e e e e e e e eeeeeeeeeees 355

SPECtrum:SOURce <Source>
Selects the channel for which the captured data is analyzed in FFT mode.

Parameters:
<Source> C1|C2|C3|C4

*RST: C1

SPECtrum:FREQuency:BANDwidth[:RESolution][:VALue]

Queries or defines the used resolution bandwidth. The value depends on the
SPECtrum: FREQuency: SPAN:MODE and CHANnel<m>:BANDwidth parameters.

In FFT mode, this command is query only.
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Parameters:

<RBW> Range: 1 to 50E+9
Increment: 1E+6
*RST: 500E+3

Default unit: Hz

SPECtrum:FREQuency:CENTer <HorizCenter>

Queries or defines the used center frequency. The value depends on the SPECtrum:
FREQuency : SPAN:MODE and CHANnel<m>:BANDwidth parameters.

In FFT mode, this command is query-only.

Parameters:

<HorizCenter> Range: 500 to 500E+6
Increment: 10
*RST: 250E+6

Default unit: Hz

SPECtrum:FREQuency:HORizontal:SCALe <Scaling>
Defines the scaling method for the frequency (x-)axis of the spectrum display.

Parameters:

<Scaling> LINear | LOGarithmic

*RST: LINear

SPECtrum:FREQuency:MAGNitude:SCALe <MagnitudeUnit>

Queries or defines the scale unit for the amplitude range (y-axis) in the spectrum dis-
play.
In FFT mode, this command is query-only.

Parameters:

<MagnitudeUnit> DBM | DBV | DBA

*RST: DBM

SPECtrum:FREQuency:SAMPIle?

Queries the sample rate with which FFT analysis is performed. This command is only
available in FFT mode.

Return values:

<FFTSmpFreqg> Range: 1 to 10E+9
Increment: 10
*RST: 1
Default unit: Hz

Usage: Query only
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SPECtrum:FREQuency:SPAN:MODE <Mode>

Defines how many values are analyzed by a single FFT, and thus the frequency resolu-

tion.

Parameters:

<Mode> NARRow | MAX
NARRow
8k values analyzed per FFT; time scale = 100 ms/div
MAX
64k values analyzed per FFT; time scale = 1 us/div
*RST: MAX

SPECtrum:FREQuency:SPAN[:VALue] <HorizontalSpan>

Queries or defines the used span, that is: how many values are analyzed by a single
FFT.

In FFT mode, this command is query-only.
Parameters:
<HorizontalSpan> 8E+6 | 64E+6

Range: 1000 to 500E+6
Increment: 10

*RST: 500E+6

Default unit: Hz

SPECtrum:FREQuency:STARt <HorizontalStart>

Queries or defines the start frequency of the used span. The value depends on the
SPECtrum: FREQuency: SPAN:MODE and CHANnel<m>:BANDwidth parameters.

In FFT mode, this command is query-only.

Parameters:

<HorizontalStart> Range: 0 to 499.999E+6
Increment: 10
*RST: 0
Default unit: Hz

SPECtrum:FREQuency:STOP <HorizontalStop>

Queries or defines the stop frequency of the used span. The value depends on the
SPECtrum: FREQuency: SPAN:MODE and CHANnel<m>:BANDwidth parameters.

In FFT mode, this command is query-only.
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Parameters:

<HorizontalStop> Range: 1000 to 500E+6
Increment: 10
*RST: 500E+6

Default unit: Hz

SPECtrum:FREQuency:WINDow:FACTor?
Queries the window factor used for FFT analysis.

Return values:

<WindowFactor> Range: 0.89 to 3.84
Increment: 0.1
*RST: 1.44

Usage: Query only

SPECtrum:FREQuency:WINDow:TYPE <WindowType>
Determines the window function used for FFT analysis. See Table 6-1 for details.

Parameters:

<WindowType> RECTangular | FLATtop | HAMMing | HANN | BLACkman

*RST: HANN

Spectrum Mode (R&S RTH-K18)

To activate Spectrum mode, use OP SPEC (see OP [ : MODE] on page 298).

The commands described here are specific to the Spectrum mode and require the
R&S RTH-K18 option to be installed.

In addition, the following commands from the FFT mode (integrated in the base unit)
are also supported:

® SPECtrum:SOURce on page 352

® SPECtrum:FREQuency:HORizontal:SCALe on page 353

® SPECtrum:FREQuency:CENTer on page 353

® SPECtrum:FREQuency:SPAN[:VALue] on page 354

® SPECtrum:FREQuency:WINDow:TYPE on page 355

® SPECtrum:FREQuency:MAGNitude:SCALe on page 353

Commands specific to the Spectrum mode:

o Configuring the MeasuremMeNt...........couiiiiiiiiie i e e 356
e Cursor Measurements in Spectrum Mode.............coorriiiiiiiiiiicicccccee e, 359
o Markers in Spectrum MOde........cooiieee e 362
e Exporting Spectrum Analysis RESUILS.........cooiiiiiiiiiii e 366
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Configuring the Measurement

] o 103 (W34 1Y (@ ] ] 356
SPECtrum:FREQUeNCY:AVERAGEICOUNL......uuiiiiie e 356
SPECtrum:FREQuency:BANDwidth[:RESOIUtON]:AUTO.....coiiieiiieieeeeeeiice e eeeeee e e e ee e 356
SPECtrum:FREQuency:BANDwidth[:RESoIution]:RATIO. ... ccuuiiiiiieeeieeeeeee e 357
SPECtUmM:FREQUENCY:FULLSPAN......ciiiiiiieieientiaaaaaaaaeaeeeeeeeeaaaaeaeeeeeeeeeeanaeeenennnnnnaaaans 357
SPECtrum:FREQuency:MAGNitude:REFErenCe[:VALUE].....ccceeieieeiereeeeeeeieieieeeeeeeeevevesranann, 357
SPECtrUmM:FREQUENCY:POSIHION. .. .iiiie i e e e e eeeeeeeeeceeeee ettt se s e s e e e e e e e e e e e e e e e eeeeeeeeeenenees 357
SPECHtUM:FREQUENCY:SCALE....cceiiiiiiiiititiiitititae s e e e e e e e e e e e e aeaerereeeeeeeeebenb s es 358
SPECtrum:WAVeform:AVERAGE[:ENABIE].....uuiiiiiiiiiie i e s etiiieie e e e eeiaee e e e e eeiee e e s eeeren e e e eees 358
SPECtrum:WAVeform:MAXIMUM[ENABIE]......uiit et e e e eeiiee e e et e e e e e e e e eeiaae e 358
SPECtrum:WAVeform:MINIiMUM[IENABIE]......cceeeeeeeeeeeeeeeeeeee e e e e e e e e e eeeees 358
SPECtrum:WAVeform:SPECrUM[:ENABIE].......coeiiiiieieiiiaaaaaaaae e e e e e e e e eeeeeeeeeeeeeeeeeeeenenennnnns 359
SPECHUM:FREQUENCY:RESEL...cuutitiitiiieiiieieieieeeeeeeeeeeeeeeeeeeeeveat e se s e e e e eeeaaaeaeeeeeeees 359
SPECtrum:MODE?

Queries the most recently activated spectrum analysis mode.

Return values:

<Mode> FFT | SPECtrum
*RST: FFT
Usage: Query only

SPECtrum:FREQuency:AVERage:COUNt <NoOfAvgs>

Defines the number of measurements to average for the average trace (see
SPECtrum:WAVeform:AVERage [ :ENABle] on page 358).

Parameters:

<NoOfAvgs> Range: 2 to 1024
Increment: 2
*RST: 64

SPECtrum:FREQuency:BANDwidth[:RESolution]:AUTO <State>

If enabled, the optimal resolution bandwidth is determined automatically by the spec-
trum application according to the frequency span and selected window type.

If disabled, the RBW is set according to the ratio defined by SPECtrum: FREQuency:
BANDwidth[:RESolution] :RATio on page 357.

Parameters:
<State> ON | OFF

*RST: ON
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SPECtrum:FREQuency:BANDwidth[:RESolution]:RATio <RBWRatio>

Determines the resolution of the spectrum, that is: the minimum distance between two
distinguishable frequencies.

If you change the span, the RBW is automatically adjusted to the minimum or maxi-
mum allowed value, if necessary.

In FFT mode, this command is read-only.

Parameters:
<RBWRatio> R10 | R20 | R50 | R100 | R200 | R500 | R1K
R10
Corresponds to the "RBW:Span Ratio" setting "1:10" in manual
operation.
R1K

Corresponds to the "RBW:Span Ratio" setting "1:1000" in man-
ual operation.

*RST: R200

SPECtrum:FREQuency:FULLspan

This command is only available in Spectrum mode. It sets the displayed frequency
range to the entire measured span.

Usage: Event

SPECtrum:FREQuency:MAGNitude:REFerence[:VALue] <RefLevel>

Defines the expected maximum input signal level. Signal levels above this value may
not be measured correctly. The reference level is also used as the maximum on the y-
axis.

This command is only available in Spectrum mode.

Parameters:

<RefLevel> Range: -160 to 160
Increment: 1
*RST: 0

Default unit: dB

SPECtrum:FREQuency:POSition <Frequency>

Configures the position of the spectrum within the vertical diagram grid. Changing this
value has the same effect as using the [POS] keys on the instrument.

Note that this command contains the keyword FREQuency for compatibility reasons. In
effect, it changes the level position in the spectrum diagram.
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Parameters:

<Frequency> Defines the number of divisions in the vertical grid that the spec-
trum is moved up (positive value) or down (negative value).
Range: -4 to 4
Increment: 0.5
*RST: 2

Default unit: none

SPECtrum:FREQuency:SCALe <VerticalScale>

Configures the scale of the y-axis of the spectrum, which is indicated in the channel
settings beneath the spectrum diagram. Changing this value has the same effect as
using the [RANGE] keys on the instrument.

Note that this command contains the keyword FREQuency for compatibility reasons. In
effect, it changes the level scaling in the spectrum diagram.

Parameters:
<VerticalScale> Defines the level range displayed in one division of the vertical
grid.
Range: 0.5 to 40
Increment: 0.1
*RST: 10
Default unit: dB
Usage: Asynchronous command

SPECtrum:WAVeform:AVERage[:ENABIe] <State>

Displays the averaged spectrum trace. The number of traces to average is defined
using SPECtrum: FREQuency : AVERage : COUNt on page 356.

Parameters:
<State> ON | OFF

*RST: OFF

SPECtrum:WAVeform:MAXimum[:ENABIe] <State>
Displays the "Max Hold" spectrum trace.

Parameters:
<State> ON | OFF

*RST: OFF

SPECtrum:WAVeform:MINimum[:ENABIe] <State>

Displays the "Min Hold" spectrum trace.
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Parameters:
<State> ON | OFF

*RST: OFF

SPECtrum:WAVeform:SPECtrum[:ENABIe] <State>
Displays the clear/write spectrum trace.

Parameters:
<State> ON | OFF

*RST: ON

SPECtrum:FREQuency:RESet

Clears the results for previous measurements used in statistical evaluation (see
SPECtrum:WAVeform:AVERage [ :ENABle], SPECtrum:WAVeform:MAXimum][ :
ENABle], SPECtrum:WAVeform:MINimum|[ :ENABle] and SPECtrum:
FREQuency:AVERage : COUNt on page 356).

Usage: Event

Cursor Measurements in Spectrum Mode

Special cursor commands are available for the Spectrum mode.

SPECHUMICURSOISMZISTATE. . .ceitttieieeieetteie e e et eettaeseeeeeettaeseeseestaeeeeeesstaaeeesestaaaaaeens 359
SPECtrum:CURSOIr<M>:SOURCE. ... cciuiiiiiiieeii ettt et et e et e et e e e eaee e e et e eenna s 359
SPECtrUmM:CURSOI<M>ICOUPING. ccctttttuttntuuaaaaa e aeeeeeaeaaaeaeeeeeeeaeeeaeeenennnnaaa e e e aeeeeeens 360
SPECHUMICURSOISM> IS CPLING. ¢ .cttttttaaaaa e e e e e e e e e e e e e e e e e teeeeeeeeanene e e e e e e e e e e e e aaeaeens 360
SPECtrum:CURSOr<m>:FREQUENCY[:VALUE]........cceeeeeeeeieeeeeririirititeeeeaeieeeeeeeeeeeaeeeeeeeeees 360
SPECtrum:CURSor<m>:FREQUENCY:DELTA?......cccceeieeeeeeeeeeecevenininseessse e e e e e e eaaaaaaeeneneees 361
SPECtrum:CURSOIr<M>:LEVEI[:VALUE]?... e eeeitee ettt e ettt ettt e et e e e e eeb s 361
SPECtrum:CURSOIr<mM>:LEVEIDELTA?....ccuuieieeieieieieeeeeetieeeeeeeeetieeeeeeeeateeeeeseetanaeeeeeeees 361
SPECtrumM:CURSOI<M>:SCREEN. ....ccuueiiitieeiie e eeee et et e et e et e e et e e e etaeeeeaaeeeennaeeees 362

SPECtrum:CURSor<m>:STATe <State>

Enables or disables the spectrum cursor measurement.

Suffix:

<m> 1.2
Parameters:

<State> ON | OFF

*RST: OFF

SPECtrum:CURSor<m>:SOURce <TraceSource>

Selects the trace on which the cursors are placed. Only active traces are available.
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® SPECtrum:WAVeform:MAXimum[:ENABle] on page 358
® SPECtrum:WAVeform:MINimum[:ENABle] on page 358
® SPECtrum:WAVeform:SPECtrum|[:ENABle] on page 359
® SPECtrum:WAVeform:AVERage[:ENABle] on page 358

Suffix:

<m> 1.2

Parameters:

<TraceSource> SPECtrum | MAXimum | MINimum | AVERage

*RST: SPECtrum

SPECtrum:CURSor<m>:COUPIling <State>

Couples the cursor lines so that the distance between the two lines remains the same
if one cursor is moved.

Suffix:
<m> 1.2
irrelevant
Parameters:
<State> ON | OFF
*RST: OFF

SPECtrum:CURSor<m>:SCPLing <State>

If enabled, the position of the cursor lines is adjusted if the vertical or horizontal scales
are changed. The cursor lines keep their relative position to the waveform.

If disabled, the cursor lines remain on their position on the display if the scaling is

changed.

Suffix:

<m> 1.2
Parameters:

<State> ON | OFF

*RST: ON

SPECtrum:CURSor<m>:FREQuency[:VALue] <Frequency>
Queries the frequency at the specified cursor.

Suffix:
<m> 1.2
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Parameters:

<Frequency> Range: 0 to 500E+6
Increment: 10
*RST: 100E+6

Default unit: Hz

SPECtrum:CURSor<m>:FREQuency:DELTa?

Queries the difference between the measured frequencies at both cursors.

Suffix:

<m> 1.2
irrelevant

Return values:

<FrequencyDelta> Range: -500E+6 to 500E+6
Increment: 10
*RST: 300E+6

Default unit: Hz

Usage: Query only

SPECtrum:CURSor<m>:LEVel[:VALue]?
Queries the measured level at the specified cursor.

Suffix:
<m> 1.2

Return values:

<Level> Range: -260 to 260
Increment: 1
*RST: 0

Default unit: dB
Usage: Query only

SPECtrum:CURSor<m>:LEVel:DELTa?

Queries the difference in the measured levels for both cursors.

Suffix:

<m> 1.2
irrelevant

Return values:

<LevelDelta> Range: -520 to 520
Increment: 1
*RST: 0

Default unit: dB
Usage: Query only
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SPECtrum:CURSor<m>:SCReen

Sets the cursors to a default position on the screen.

Suffix:
<m> 1.2
Usage: Event

Markers in Spectrum Mode

Special marker commands are available for the Spectrum mode.

SPECHUMIMARKEI S TATE]. ettt ettt ettt ettt et e e e e e et e e ee e aa s ea e e e e enaneeaaeenns 362
SPECHUMIMARKENICOUNTL.....utiiiiiiiee e e ittt et e e e e e e e s e st e reeeeaaeeesseenanseaseeeeeaeaaeeenan 362
SPECHUMMARKEINISOURCE. . .uuttutitiiiiaieieieeeeeaeeeeeieeeeeeeeeesssstnsnsananaaaaseeseaaaaaaaseeeeeerenns 362
SPECtUM:MARKENSETUP:DISTANCE. .etvuueiieiiitieieeeeeeiie s e e eetsie s e e s s eetae e e e e e earan e e e s eeeaa s 363
SPECtrum:MARKESETUP: EXCUISION. .. ciiiiieieeieeieiiiii e e e e eeteiee e e e s et e e e e eeaaee s e e e eeenaeeaeens 363
SPECtrum:MARKErSETUPIMLEVEL. ...ttt e 363
SPECHUM:MARKEIRCOUN ... it e ettt e e e e e ettt s e e s e et e e e e e e eeaa s e e e eeaannneaaes 363
SPECtrum:MARKer:RESult<m>:FREQUENCY[:VALUE]?........ceeiieeeeeeererereritceeeee e e e e e e e e e 364
SPECtrum:MARKer:RESult<m>:FREQUENCY:DELTA?......uuuieiieieieeeeeeeeeeeeeeeeeeeeeeeeeeeeceeenennns 364
SPECtrum:MARKer:RESUI<M>:LEVEI[:VALUE]?....ccuuueeeeeeeetieieeeeeetiee s eeeeeeteeeeeseenbnneeeeees 364
SPECtrum:MARKer:RESUI<M>:LEVEI:DELTA?...uciiieeieiceieeeeetiee e e et eee e e e e 365
SPECtrum:MARKer:-RMARKEr:FREQUENCY?......uieeieie e e eeee e e et 365
SPECtrUmM:MARKErRMARKEIVALUEB?. ....ceeieteieeeeeeieteee e e e eeete e e e e e e eatas e e e seeannaesaeeensnnaaaeees 365

SPECtrum:MARKer[:STATe] <State>
If enabled, a peak search is performed on the current spectrum results.

Parameters:
<State> ON | OFF

*RST: OFF

SPECtrum:MARKer:COUNt <NumberOfMarkers>

Defines the number of markers used to indicate peaks in the spectrum results. With 3
active markers, the 3 peak values in the spectrum are indicated.

Parameters:

<NumberOfMarkers> Range: 1
Increment: 1
*RST: 3

to 15

SPECtrum:MARKer:SOURce <TraceSource>

Determines the trace used for the peak search.
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Parameters:
<TraceSource> SPECtrum | MAXimum | MINimum | AVERage

*RST: SPECtrum

SPECtrum:MARKer:SETup:DISTance <Distance>

Defines a minimum distance between two frequencies that must be exceeded in order
to detect individual peaks.

Parameters:

<Distance> Range: 0 to 500E+6
Increment: 10
*RST: 1E+6

Default unit: Hz

SPECtrum:MARKer:SETup:EXCursion <Excursion>

Defines a relative threshold, the minimum level value by which the waveform must rise
or fall to be considered a peak. To avoid identifying noise peaks, enter a peak excur-
sion value that is higher than the noise levels.

See also "Peak excursion" on page 125.

Parameters:

<Excursion> Range: 0 to 260
Increment: 1
*RST: 10

Default unit: dB

SPECtrum:MARKer:SETup:MLEVel <Threshold>

Defines an absolute level threshold as an additional condition for the peak search.
Only peaks that exceed the threshold are detected.

Parameters:

<Threshold> Range: -260 to 260
Increment: 1
*RST: -40

Default unit: dB

SPECtrum:MARKer:RCOunt?

Queries the number of markers for which peaks were actually detected during the peak
search. Note that the number of markers is restricted by the SPECtrum: MARKer :
COUNt command.

Return values:

<NumberOfResults> Range: 0
Increment: 1
*RST: 0

to 15



Spectrum Analysis
Usage: Query only

SPECtrum:MARKer:RESult<m>:FREQuency[:VALue]?
Queries the frequency of the specified marker.

Suffix:

<m> 1t0 15
Number of the marker. The maximum number depends on how
many markers were selected and how many peaks were detec-
ted (see SPECtrum:MARKer:RCOunt? on page 363).

Return values:

<Frequency> Range: -10E+9 to 10E+9
Increment: 10
*RST: 10E+6

Default unit: Hz

Usage: Query only

SPECtrum:MARKer:RESult<m>:FREQuency:DELTa?

Queries the frequency difference between the reference marker and the specified
marker.

Suffix:

<m> 1to 15
Marker; maximum depends on active markers and detected
peaks (see SPECtrum:MARKer:COUNt and SPECtrum:
MARKer:RCOunt?

Return values:

<FrequencyDelta>  Range: -10E+9 to 10E+9
Increment: 10
*RST: 10E+6

Default unit: Hz

Usage: Query only

SPECtrum:MARKer:RESult<m>:LEVel[:VALue]?

Queries the power level of the specified marker in relation to the reference marker (see
SPECtrum:MARKer :RMARker : VALue? on page 365).

Suffix:

<m> 1to 15
Number of the marker. The maximum number depends on how
many markers were selected and how many peaks were detec-
ted (see SPECtrum:MARKer:RCOunt? on page 363).



Spectrum Analysis

Return values:

<Level> Range: -260 to 260
Increment: 1
*RST: 0

Default unit: dB
Usage: Query only

SPECtrum:MARKer:RESult<m>:LEVel:DELTa?
Queries the level difference between the reference marker and the specified marker.

Suffix:

<m> 1to0 15
Marker; maximum depends on active markers and detected
peaks (see SPECtrum:MARKer: COUNt and SPECtrum:
MARKer:RCOunt?

Return values:

<LevelDelta> Range: -520 to 520
Increment: 1
*RST: 0

Default unit: dB
Usage: Query only

SPECtrum:MARKer:RMARker:FREQuency?

Queries the frequency of the reference marker. The reference marker is the one with
the highest level.

Return values:

<Frequency> Range: -10E+9 to 10E+9
Increment: 10
*RST: 10E+6

Default unit: Hz

Usage: Query only

SPECtrum:MARKer:RMARker:VALue?
Queries the measured level at the reference marker.

Return values:

<Level> Range: -260 to 260
Increment: 1
*RST: 0

Default unit: dB
Usage: Query only
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Exporting Spectrum Analysis Results

You can export the spectrum results to a file, similar to waveforms (see Chapter 15.13,
"Documenting Results", on page 489).

SPECHUM:IEXPOIEINAME . ......ccittteiieeieetee e e et e e e s et e s e e s esb e e s eesbaa s esseesba e eseresananss 366
SPECHUM:IEXPOMSAVE . ... . iiitieieii et e et e et e et e et e e e et e e s sa s e st e esaaaseseansesbaserannas 366
SPECHUM:EXPOITINCXVAIUES. ... .ccunietiiieiie et ce e et e et e s e et e e e eba e s e s eaananss 366

SPECtrum:EXPort:NAME <Name>
Defines the file name, file format and path to save the spectrum measurement results.

Parameters:
<Name> String with path and file name with extension .csvor .zip
(compressed csv).

SPECtrum:EXPort:SAVE

Saves the results of the spectrum measurement to the file specified using SPECt rum:
EXPort :NAME,

For a description of the file format see Chapter 6.2.9, "Export File Format for Spectrum
Results", on page 130.

Example: SPECtrum:EXPort:NAME 'SpectrumResults'
SPECtrum:EXPort:SAVE
SPECtrum:EXPort :NAME?
//Result: /media/SD/Rohde-Schwarz/RTH/Export/SpectrumResults.csv

Usage: Event

SPECtrum:EXPort:INCXvalues <State>
Includes the frequency values in the stored results.

Parameters:
<State> ON | OFF

*RST: ON

Harmonic Mode (R&S RTH-B34)

To activate Harmonic mode, use OP HARM (see OP [ : MODE ] on page 298).

The following commands are only available if the Harmonic Analysis option R&S RTH-
B34 is installed.

e Configuring Harmonic MeasuremMeNtS. ..........uueeeeieeeeiiiiiiciiinireeeeee e e e e e s ssseeveneeeeeeeas 367
e Retrieving and Exporting Harmonic ReSUIES..........ccceeeeveiieeiii i, 371



15.6.3.1

Spectrum Analysis

Configuring Harmonic Measurements

[T R [T a o3 ANV =T PN 367
HARMONICICLEAN . ....cituieeeeeeeitee e ettt e e e e ettt e e e e e ettt e e e e e eeaaa e s eeeeesbaa e eeeeeassaneaesrntannaaaeees 367
HARMONICIDISPIAY: TYPE. ...ttt e e e e e e e e e e e e e e e e e eeeeeeeeeenbassa e e e as 367
HARMONIC:DISPIAY:USER. ... ettt ettt e e e e e e e e e e e e aaas 368
HARMONIC:FUNDAMENLALTYPE.......ccee ettt e et e et e e et e e e e e e e e e e e e eenneees 368
HARMONIC:FUNDEAMENAI:USER........cuiiiiiiiiiieie e eeeeeeeeeeee e eeeeeeera e e e e e e e e e e e e 369
HARMONIC:FUNDamMental:CURREN?.......vuvuiiiiciiieieieieeeeeeeeeeeeeeeeeeeeeeessarararaana e e eseeeeas 369
HARMONICLIMItSINAME. ....cettiie e eeettee e e et eetee e e e ettt e e e e e e e aaeeeeeseebaaeeeeressansaeesrssnnnaaaees 369
HARMONIC:LIMItSILOAD......ccee ettt e e et e e et e et e e e et e e e eaa e e eanaeenaans 369
HARMONIC:LIMitS:CURRENL?. ... ettt e et e et e et ee e e e e e enaeeeeas 370
HARMONIC LIMItS TY PE. .. ittt ettt e e e e e et e e e e e e senenenss 370
HARMONICISCALE. ..c.neeeee ettt et et e et e e et e e et e e e et e e e ea e e e e e e e e taeeeenaneeeennaeeeen 370
HARMONIC: STATISTIC. 11t vvtttttteeeeieieeeeeeeeeeeeeeeeeeeeeeeesetsrarr . aaeseseseeaaaaasesereeeererssssssarasnnnnnn 370
HARMONI G THD Ty . e teteee et e e e eeeee et eee e e et eeeeeeaes e e aeseeeeseeeeaaaaeseseseeeeesessrsrssrasanannnnnns 371

HARMonic:AVERage <Average>

Determines the number of measurements for which the results are averaged. By
default, no averaging is performed.

Parameters:

<Average> OFF | AV2 | AV4 | AV8 | AV16 | AV32
*RST: OFF

HARMonic:CLEar

Clears the results for previous measurements used in statistical evaluation (see
HARMonic:AVERage on page 367 and HARMonic:STATistic on page 370).

Usage: Event

HARMonic:DISPlay:TYPE <Selection>
Determines the number of harmonics to be displayed in the bargraph.

Note that this setting only affects the graphical result display; it has no effect on the
selection of harmonics for which results are provided during a file export (manually or
via remote command). For that purpose, use HARMonic:LIMits:TYPE on page 370.

Harmonics that were previously eliminated by the HARMonic:LIMits: TYPE com-
mand cannot be displayed.

Parameters:
<Selection> ALL | EVEN | ODD | ODD3 | ODN3 | USER

ODD3
All harmonics with an odd-numbered order that is a multiple of 3

ODN3
All harmonics with an odd-numbered order that cannot be divi-
ded by 3
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USER
Selects a user-defined number of harmonics. Define the number
of harmonics using the HARMonic:DISPlay: USER command.

*RST: ALL

HARMonic:DISPlay:USER <MaxHarmonics>

Determines the maximum number of harmonics to be displayed in the bargraph. This
command requires a preceding HARM: DISP: TYPE USER command.

Note that this setting only affects the graphical result display; it has no effect on the
selection of harmonics for which results are provided during a file export (manually or
via remote command). For that purpose, use HARMonic:LIMits:TYPE on page 370.

Harmonics that are eliminated by the HARMonic:LIMits: TYPE command cannot be

displayed.
Parameters:
<MaxHarmonics> Range: 1 to 64
Increment: 1
*RST: 10
Example: HARM:DISP:TYPE USER

HARM:DISP:USER 25
Displays the first 25 harmonics.

HARMonic:FUNDamental: TYPE <Fundamental>

Defines the basis of the harmonics measurement. Harmonics are determined as multi-
ples of this frequency.

Parameters:
<Fundamental> F50 | F60 | F400 | USER

F50

50 Hz

F60

60 Hz

F400

400 Hz

USER

User-defined frequency; define the frequency using HARMonic:
FUNDamental :USER

*RST: F50
Example: HARMonic:FUNDamental : TYPE USER
HARMonic:FUNDamental :USER 123

HARMonic:FUNDamental : CURRent?
//Result: 123
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HARMonic:FUNDamental:USER <UserFrequency>

Defines the user-defined fundamental frequency if HARMonic: FUNDamental : TYPEIS

set to USER.
Parameters:
<UserFrequency> Range: 10 to 1E+6
Increment: 0.1
*RST: 50
Default unit: Hz
Example: HARMonic:FUNDamental : TYPE USER

HARMonic:FUNDamental :USER 123
HARMonic:FUNDamental : CURRent?
//Result: 123

HARMonic:FUNDamental: CURRent?
Returns the current fundamental frequency.

Return values:

<CurrFreg> Range: 10 to 1E+6
Increment:  0.01
*RST: 50

Default unit: Hz

Usage: Query only

HARMonic:LIMits:NAME <FileName>

Parameters:

<FileName> String containing the path and name of the user-defined configu-
ration file to be loaded.

Example: HARM:LIM:NAME

' /media/SD/Rohde-Schwarz/RTH/Harmonic/LimitExample.csv'
HARM:LIM:LOAD

HARMonic:LIMits:LOAD
Loads the file selected by HARMonic:LIMits :NAME on page 369.

Example: HARM:LIM:NAME
' /media/SD/Rohde-Schwarz/RTH/Harmonic/LimitExample.csv'
HARM:LIM:LOAD

Usage: Event
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HARMonic:LIMits:CURRent?

Return values:
<Current>

Usage: Query only

HARMonic:LIMits:TYPE <Type>
Defines the type of limit check to be performed.

Parameters:
<Type> NONE | EN50160 | USER

NONE
No limit check is performed.

EN50160
Limits are checked according to the predefined values in the
EN50160 standard.

USER

Limits are checked according to the values in a user-defined file
(see HARMonic:LIMits:LOAD on page 369). For details on
the required file format see Chapter 6.3.6.1, "Limit File Format",
on page 141.

*RST: NONE

HARMonic:SCALe <Unit>

Switches the scale for the measured harmonic levels between logarithmic (db) and lin-
ear (percent). The values are relative to the level measured for the fundamental fre-
quency, or to the level measured for the entire signal, depending on the selected THD
type (see HARMonic: THDType on page 371).

Parameters:
<Unit> PERCent | DB

*RST: DB

HARMonic:STATistic <Type>

By default, the numeric results indicate the currently measured values. Optionally, you
can switch to the minimum or maximum values.

Parameters:
<Type> CURRent | MIN | MAX

*RST: CURRent
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HARMonic:THDType <THDType>

Parameters:
<THDType> THDF | THDR

THDF
The RMS amplitude (voltage or current) of the harmonics rela-
tive to the RMS amplitude of the fundamental component

THDR
The RMS amplitude of the harmonics relative to the RMS ampli-
tude of the input signal

*RST: THDF

15.6.3.2 Retrieving and Exporting Harmonic Results

You can export the harmonic results to a file, similar to waveforms (see Chapter 15.13,
"Documenting Results", on page 489).

HARMONIC:EXPOIINAME. .....cetiiiie et e e e et e e e e e et s e e e e et e e e e e e e eabe s e e e e e e taaaeeeeeensnane s 371
HARMONICIEXPOISAVE . ... et r e e et et e e e e n e e e enns 372
HARMONIC:RESURSM>ICLIPDING? ..t ie e e e e e et e et a e e e e e e e e e e e e aeeeeeeeeenenees 372
HARMONIC:RESUIKM>FRQMISSING?..cvvvureriuruiiiiieaieieieeeeeeeaeeeeeeeeeeeeeeesserarnraneaeas 372
HARMONIC:RESUIKM>:FUNDAMENLAI?.......uuieieiiieeeeeeiceciirieeee e e e e e e e sessiereeeeeeeeaaeeeesennnns 373
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude:MAXIimUM?...........coevrrrrrerrenvnrnnnnnnns 373
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude:MINIiMmumM?........cccceeeereeriiiiiiininennens 373
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude[:CURReNt]?............coerrrrrrmrrrrenennnne 373
HARMonic:RESult<m>:HARMOoNIcS<N>:LIMCHhECK?......ccuvueiiiiieeiiiie et e e e 373
HARMonic:RESUlt<m>:HARMONICS<N>:LIMIt?.....ccicieeiiieieeeceeiiee e 374
HARMonic:RESult<m>:HARMonics<n>:LIMViOIation?.........ccceeeiiecciriiiireeeeeee e e e sscvenveneeens 374
HARMonic:RESUIt<m>:HARMONICS<KN>:PHASE?......cceeeeeeeeeeeeeeeeinecere s e e e e e e e aaaaaaaeeeees 375
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude:MAXIMUM?..........oururuuiiiiiianeieeeennn 375
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude:MINimum?............ccceeerrrmmmmmrnrnnnnnnns 375
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude[: CURRENt]?.......ccceiriirriiiaiaaaaaaiaeeees 375
HARMonic:RESult<m>:HARMoNIcS<N>[:FREQUENCY]?... . ceeeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeniees 376
HARMONIC:RESUIKM>:LIMVIOIGHON?. ...uvvvieeiereeeeeeeeseeciieieeeee e e e e e e e s ssssnnsrenereeseaesesesennnnnnns 376
HARMONIC:RESUI<M>NOHAIMONICS?......cceeieieieieieeeeeeieieieieese s ssse s e e e e e e e aaaaaeeeeeeeeeeeenenes 377
HARMONIC:RESUISM>:NORESUIIS?......ccceieieeeeeeeeeieieiiiteereese s e s e e e e e e e e e e e eeeeeeeeeeeeeenensnnnnanas 377
HARMONIc:RESUI<KM>:RMS:MAXIMUM?.....ceeiiiiiiiiiiniuiiiiaaeeeeeeeeeeeaeaeeereeeeeeeessessnsnnnnnnnannns 377
HARMOoNic:RESUt<mM>:RMS:MINIMUM?....cceireeiieeiieiiiie e e e eeiniee e eeseeas s e e e eeeanaaeseeeenenaaeaeeees 377
HARMOonNic:RESUlt<m>:RMS[:CURRENL]?......ceiiiiii ittt 377
HARMONIC:RESU<KM>THD:IMAXIMUM?. . e et e e e e e e e e e a e e e e eas 378
HARMONIC:RESUIt<M>:THD:MINIMUM?...eeiiiiieeeeeeieiecieiiireeeeeeeeeeesssssasnseneeeeeeesaeessssnsnnnnns 378
HARMONIC:RESUIKM>THD[:CURREN]?...cieieieeeeeeeeeeeeeeeeeeeeeeeeett e e e e e e e e e e e e aeeaeaeeeees 378

HARMonic:EXPort:NAME <Name>
Defines the file name, file format and path to save the harmonic measurement results.

Parameters:
<Name> String with path and file name with extension .csv.
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HARMonic:EXPort:SAVE

Saves the results of the harmonic measurement to the file specified using HARMonic:
EXPort : NAME.

Exarnple: HARMonic:EXPort:NAME 'HarmonicResults'
HARMonic:EXPort:SAVE
HARMonic:EXPort :NAME?
//Result: /media/SD/Rohde-Schwarz/RTH/Export/HarmonicResults.csv

Usage: Event

HARMonic:RESult<m>:CLIPping?

Indicates whether clipping has occurred, that is: the amplitudes exceed the currently
defined amplitude range.

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
Input channel

Return values:
<State> ON | OFF

ON
Clipping has occurred, increase the amplitude range (see
CHANnel<m>:RANGe on page 300).

OFF
No clipping has occurred, the current measurement settings are
suitable.

*RST: OFF
Usage: Query only

HARMonic:RESult<m>:FRQMissing?

Queries whether the fundamental frequency was detected in the input signal or not. If
the specified frequency +10 % is not detected in the signal, the measurement is invalid.

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
Return values:
<State> ON | OFF
OFF

The fundamental frequency was not detected, the measurement
is invalid. Define the correct frequency of the input signal.

ON

The fundamental frequency was detected, the measurement is
valid.

*RST: OFF
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Usage: Query only

HARMonic:RESult<m>:FUNDamental?

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
Return values:
<Frequency> Range: 9 to 1005
Increment: 10E-6
*RST: 0

Default unit: Hz

Usage: Query only

HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude:MAXimum?
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude:MINimum?
HARMonic:RESult<m>:HARMonics<n>:ABSMagnitude[:CURRent]?

Returns the currently measured, minimum or maximum power level of the selected

harmonic.

Suffix:

<m> 1|12 (RTH1002) , 1..4 (RTH1004)
<n> 1..64

Order of harmonic (possibly restricted, see HARMonic:
RESult<m>:NOHarmonics?)

Return values:
<AbsMagnitude>

Usage: Query only

HARMonic:RESult<m>:HARMonics<n>:LIMCheck?

Queries whether a limit is defined for the specified harmonic (either by the EN50160
standard or by a user-defined configuration file). Only if a limit value is defined, a limit
check is performed for the harmonic.

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
<n> 1..64

Order of harmonic (possibly restricted, see HARMonic:
RESult<m>:NOHarmonics?)

Return values:
<State> ON | OFF

ON
A limit is specified and a limit check will be performed.
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OFF
No limit is specified, so no limit check will be performed for the
harmonic.

Example: HARM:LIM:TYPE EN50160
HARM:RES1 :HARM2 : LIMC?
//Result: 1
HARM:RES1 :HARMZ2 : LIM?
//Result: 2%
HARM:RES1 :HARMZ2 : LIMV?
//Result: 0

Usage: Query only

HARMonic:RESult<m>:HARMonics<n>:LIMit?
Queries the limit defined for the specified harmonic.

Note: Only if a limit value is defined, a limit check is performed for the harmonic (see
HARMonic:RESult<m>:HARMonics<n>:LIMCheck? on page 373).

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
<n> 1..64

Order of harmonic (possibly restricted, see HARMonic:
RESult<m>:NOHarmonics?)

Return values:
<Limit> percentage

Example: HARM:LIM:TYPE EN50160
HARM:RES1 :HARM2 : LIMC?
//Result: 1
HARM:RES1 :HARMZ2 : LIM?
//Result: 2%
HARM:RES1 :HARM2 : LIMV?
//Result: 0

Usage: Query only

HARMonic:RESult<m>:HARMonics<n>:LIMViolation?
Queries whether the calculated level for the specified harmonic exceeds the defined.

Note: Only if a limit value is defined, a limit check is performed for the harmonic (see
HARMonic:RESult<m>:HARMonics<n>:LIMCheck? on page 373).

Tip: To query the result of the limit check for the entire signal, use HARMonic:
RESult<m>:LIMViolation? on page 376.

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
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<n> 1..64
Order of harmonic (possibly restricted, see HARMonic:
RESult<m>:NOHarmonics?)

Return values:
<State> ON | OFF

ON
A limit violation occurred - the limit was exceeded.

OFF
No limit violation occurred.

Example: HARM:LIM:TYPE EN50160
HARM:RES1 :HARMZ2 : LIMC?
//Result: 1
//The EN50160 defines a limit of 2% for the
//second order harmonic.
HARM:RES1:HARM2 :LIM?
//Result: 2
HARM:RES1 :HARMZ2 : LIMV?
//Result: 1
//The calculated value exceeds the defined
// limit for the second harmonic.
HARM:RES1:LIMV?
//Result: 1
//Since the limit check for the second harmonic
// failed, the limit check for the entire
// signal failed.

Usage: Query only

HARMonic:RESult<m>:HARMonics<n>:PHASe?

Queries the calculated phase value for the specified harmonic.

Suffix:
<m> 112 (RTH1002) , 1..4 (RTH1004)
<n> 1..64

Order of harmonic (possibly restricted, see HARMonic:
RESult<m>:NOHarmonics?)

Return values:
<Phase> Default unit: degrees

Usage: Query only

HARMonic:RESult<m>:HARMonics<n>:RELMagnitude:MAXimum?
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude:MINimum?
HARMonic:RESult<m>:HARMonics<n>:RELMagnitude[:CURRent]?

Returns the currently measured, minimum or maximum power level of the selected
harmonic, relative to the power level of the fundamental frequency.
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Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
<n> 1..64

Order of harmonic (possibly restricted, see HARMonic:
RESult<m>:NOHarmonics?)

Return values:
<RelMagnitude> Default unit: %

Usage: Query only

HARMonic:RESult<m>:HARMonics<n>[:FREQuency]?

Queries the determined frequency value for the specified harmonic.

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
<n> 1..64

Order of harmonic (possibly restricted, see HARMonic:
RESult<m>:NOHarmonics?)

Return values:
<Frequency> Default unit: Hz

Usage: Query only

HARMonic:RESult<m>:LIMViolation?

Queries the result of the limit check for all harmonics. If a single harmonic violates its
defined limit, the limit check for the entire signal fails.

Note: Only if a limit value is defined, a limit check is performed for the harmonic (see
HARMonic:RESult<m>:HARMonics<n>:LIMCheck? on page 373).

Tip: To query the result of the limit check for an individual harmonic, use HARMonic:
RESult<m>:HARMonics<n>:LIMViolation? on page 374.

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
Return values:
<State> ON | OFF
ON

A limit violation occurred for at least one harmonic - the limit
check for the signal failed.

OFF
No limit violations occurred. The limit check was passed.

*RST: OFF
Usage: Query only



Spectrum Analysis

HARMonic:RESult<m>:NOHarmonics?

Returns the number of harmonics for which results are displayed. The maximum num-
ber of 64 harmonics may be restricted due to the HARMonic:L.IMits: TYPE com-

mand.

Suffix:

<m> 1|12 (RTH1002) , 1..4 (RTH1004)

Return values:

<NoSelection> Range: 1 to 64
Increment: 1
*RST: 64

Usage: Query only

HARMonic:RESult<m>:NOResults?

Returns the number of results included in averaging or statistics calculations. Invalid
measurements are not included.

Suffix:
<m> 112 (RTH1002) , 1..4 (RTH1004)
Return values:
<NoResults> Range: 0 to 4000000000
Increment: 1
*RST: 0
Usage: Query only

HARMonic:RESult<m>:RMS:MAXimum?
HARMonic:RESult<m>:RMS:MINimum?
HARMonic:RESult<m>:RMS[:CURRent]?

Returns the currently calculated, minimum, or maximum root mean square of the
power in the entire signal, that is: for all harmonics and the fundamental frequency.

Suffix:
<m> 1|12 (RTH1002) , 1..4 (RTH1004)
Return values:
<RMS> Range: 0 to 100E+3
Increment: 1E-12
*RST: 0
Usage: Query only
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Digital Multimeter (R&S RTH1002)

HARMonic:RESult<m>:THD:MAXimum?
HARMonic:RESult<m>:THD:MINimum?
HARMonic:RESult<m>:THD[:CURRent]?

Returns the currently calculated, minimum, or maximum THD (total harmonic distor-
tion), that is: the RMS of the amplitude of the harmonics. Which value the THD is set in
relation to depends on the HARMonic: THDType command.

Suffix:
<m> 1|2 (RTH1002) , 1..4 (RTH1004)
Return values:
<THD> Range: 0 to 1000
Increment: 0.1
*RST: 0
Default unit: %
Example: HARM: THDT THDF

HARM:RES1:THD?

Returns the RMS amplitude (voltage or current) of the harmon-
ics relative to the RMS amplitude of the fundamental compo-
nent.

Usage: Query only

Digital Multimeter (R&S RTH1002)
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Activating the Multimeter mode
To activate the DMM, use OP METer.

OP[:MODE] <OperationMode>
Sets the operating mode of the instrument.

Parameters:
<OperationMode> YT | XY | MASK | ROLL | METer | FFT | LOGGer | COUNter |
PROTocol | HARMonic | SPECtrum

*RST: YT (scope mode)
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15.7.2 Measurement Configuration

15.7.2.1

The instrument sets most configuration settings automatically. For most measurement
types, the measurement range is the only parameter that can be set. For temperature
measurements, specific settings are required.

The instrument can adjust the measurement range if autoranging is configured for a
measurement. Otherwise, you can set a fixed measurement range.

To set a fixed measurement range, you can use several commands:
® METer:CONFigure:<function>
Configures the specified measurement including the measurement range.
See Chapter 15.7.2.1, "METer:CONFigure Commands", on page 379.
® METer:SENSe:<function>:RANGe:UPPer
Sets the measurement range and turns off autoranging.
See Chapter 15.7.2.2, "METer:SENSe:<function>:RANGe:UPPER Commands",
on page 382.
® METer:MEASure:<function>
Configures the specified measurement including the measurement range, starts
the measurement, and returns the result.

To enable autoranging, you can use the following commands:

® METer:SENSe:<function>:RANGe:AUTO
Enables or disables the autoranging. See Chapter 15.7.2.3, "METer:SENSe:<func-
tion>:RANGe:AUTO Commands", on page 384.

® METer:CONFigure:<function> 'AUTO'
See Chapter 15.7.2.1, "METer:CONFigure Commands", on page 379.

The configuration commands are described in the following chapters:

o METer:CONFigure COmMMEaNGS.......cccoiiiiiiiiiiiiiiie et 379
e METer:SENSe:<function>:RANGe:UPPER Commands............cccevcuvrrvrrerrenenennn. 382
e METer:SENSe:<function>:RANGe:AUTO Commands..........ccccvvrerrrreeeeeriiiccnnnnns 384
e AC+DC Current and Voltage Measurements...........uueeeveeeeeiieiccciniieeeeeseeeseeseeeenns 385
o Temperature MeasUremMENES........coeiiiiiiiiiiiiiiccccre e e e e e e e e e e e e e e e e e e e e e 385

METer:CONFigure Commands

METer : CONFigure:<function> commands set all internal measurement parame-
ters for the specified measurement. For most measurements, it also sets the measure-
ment range.

To set the range to minimum, maximum, or default value, use the following parameters:
® METer:CONFigure:<function> MIN

® METer:CONFigure:<function> MAX

® METer:CONFigure:<function> DEF

For some measurements, you can also set the auto range:

METer :CONFigure:<function> 'AUTO'. Note that 'AUTO" is a string parameter.
Alternatively, you can use the METer : SENSe : <function>:RANGe : AUTO commands.
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The METer:CONFigure:<function> commands are only for configuration. To acti-
vate a measurement, use METer : SENSe : FUNCtion.

METer : CONFigure:VALue? returns the active measurement and range.

To read the result, use METer<m>:READ? Oor METer<m>:FETCh?.

METer:CONFIgUre:CONTINUILY . ..ceerreereeeueenaaaaaaeaeeeeeeeeeaeeeeeeeeeeeeeeeneeenennnaeaaaa e e e e e eeeeeaaeens 380
METEr:CONFIQUrE:DIODE. .........ceeeeeeeeeeeeteteti e ee e e e s e e e e eeeaeaeeeeeeeeeeeeeeeesarabaraaaaaeesens 380
METer:CONFIgUrE: TEMPEIALUIE. .......cvvvrireririeeieieieeeeeeeeeeeeeeeeeeeeeeressssrararr e aeseeeeaaaens 380
METer:CONFIgUre:CAPACIHANCE. ... ccieieieeeeeeeeeeeieeeeeeeeeeeetaiet e sess s e e e e eaaaaaaeaeeeeeeeeeenennnnns 380
METer:CONFIgUre:CURRENEAC. ...c.euuuiuiutuiaaae e e e e e e e e e e e e e e e e e e eeeeeeeeebn s a e e e e e aaaas 380
METer:CONFigure:CURRENEDC......coiiiiiiiiie ettt e e e e e e e e e e e e e e aeeeeeeeeeees 380
METer:CONFIgUre:FREQUENCY . ...c.uuuutuuaaaaaae e e eeeeeeeeaeeeeeeeeeeeeeeaeentnnn e aa e e e e e e e e eeeaaaeaees 381
METer:CONFIgUre:RESISIANCE. ....ceiireiriieieieiaeaaaaaae e e e e e e e eeeeaeeeeeeeeeeeeeeenenennnae e e e e e e eeeeas 381
METer:CONFIgUre:VOLTAGEIAC .. .uuuuuuuaaeeeieieeeeeeeeeeeieeeeeeeeeeesestatarasanan e seseeeaeaaaasesseseeeens 381
METer:CONFIgure:VOLTAgE:DC...........cieiieeeeeeeereriiiirisseeieseseeeeeeeaeaeeeesereeeeeeesessssssnsananas 381

METer:CONFigure:CONTinuity
METer:CONFigure:DIODe
METer:CONFigure:TEMPerature

Configures the specified measurement. The instrument sets a fixed range.

Usage: Event

METer:CONFigure:CAPacitance

Sets the internal parameters and configures the range for capacitance measurements.
Parameters:

<Range> <numeric value> | 'AUTO' | MIN | MAX | DEF

<numeric value>

The instrument has fixed measurement ranges: 10 nF|100 nF|
1 uF|10 pF|100 pF[1 mF[10 mF.

You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.

Range: 10 nF to 10 mF
*RST: 10 nF

Usage: Setting only

METer:CONFigure:CURRent:AC
METer:CONFigure:CURRent:DC

Sets the internal parameters and configures the range for current measurements.

You need an external shunt resistor or I/U converter for current measurement.
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Parameters:
<Range> <numeric value> | 'AUTO' | MIN | MAX | DEF

<numeric value>

The instrument has fixed measurement ranges: 1 A|10 A[100 A|
1000 A.

You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.

Range: 1 to 1000
*RST: 1
Default unit: A

Usage: Setting only

METer:CONFigure:FREQuency
Configures the frequency measurement and sets voltage autoranging.

To set a fixed voltage range, use METer : SENSe : FREQuency : VOLTage : RANGe :
UPPer.

Usage: Event

METer:CONFigure:RESistance

Sets the internal parameters and configures the range for resistance measurements.

Parameters:
<Range> <numeric value> | 'AUTO' | MIN | MAX | DEF
<numeric value>
The instrument has fixed measurement ranges: 1 k|10 kQ|
100 kQ|1 MQ|10 MQ|100 MQ.
You can enter any value between the minimum and maximum
value. The instrument sets the next suitable range.
Range: 1 kOhm to 100 MOhm
*RST: AUTO
Usage: Setting only

METer:CONFigure:VOLTage:AC
METer:CONFigure:VOLTage:DC

Sets the internal parameters and configures the range for voltage measurements.
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Parameters:
<Range> <numeric value> | 'AUTO' | MIN | MAX | DEF
<numeric value>
The instrument has fixed measurement ranges: 1 V|10 V[100 V|
1000 V.
You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.
Range: 1 to 1000
*RST: 1
Default unit: V

Usage: Setting only
METer:SENSe:<function>:RANGe:UPPER Commands
METer:SENSe:<function>:RANGe:UPPER commands set the measurement range

and turn off autoranging. You can use these commands in addition to
METer : CONFigure commands if you want to change only the range.

METer:SENSe:CAPacitance:RANGEIUPPET............ce et 382
METer:SENSe:CURRENEAC:RANGEIUPPET..........cceeeeeeeeeeeeeeeetetee e s e e e e e aeaaeeeeeees 382
METer:SENSe:CURRENEDC:RANGE:UPPET........cuvviiiiriiieieieieieeeeeeeeeeeeeeeeeeeeeeeesesssssrananas 382
METer:SENSe:FREQuency:VOLTage:RANGEIUPPET......cccooiiiiieiieieeeiereeeeeeeeeee e 383
METer:SENSe:RESIStanCce:RANGEIUPPEN...........oiiiii e 383
METer:SENSe:VOLTage:AC:RANGE:UPPET.........cciiiiiiiieeiieee e e e e e e e eeeeeees 383
METer:SENSe:VOLTage:DC:RANGEIUPPET..... ..t 383

METer:SENSe:CAPacitance:RANGe:UPPer <Range>
Sets a fixed range for capacitance measurements and turns off auto ranging.

Parameters:

<Range> <numeric value> | MIN | MAX | DEF
<numeric value>
The instrument has fixed measurement ranges: 10 nF|100 nF|
1 uF|10 pF|100 pF[1 mF[10 mF.
You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.

Range: 10 nF to 10 mF
*RST: 10 nF

METer:SENSe:CURRent:AC:RANGe:UPPer <Range>
METer:SENSe:CURRent:DC:RANGe:UPPer <Range>

Sets a fixed current range and turns off auto ranging.
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Parameters:
<Range> <numeric value> | MIN | MAX | DEF

<numeric value>

The instrument has fixed measurement ranges: 1 A|10 A[100 A|
1000 A.

You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.

Range: 1 to 1000

*RST: 1

Default unit: A

METer:SENSe:FREQuency:VOLTage:RANGe:UPPer <Range>
Sets a fixed voltage range for frequency measurements and turns off auto ranging.

Parameters:
<Range> <numeric value> | MIN | MAX | DEF

<numeric value>

The instrument has fixed measurement ranges: 1 V|10 V[100 V|
1 kV.

You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.

Range: 1 to 1000

*RST: 1

Default unit: V

METer:SENSe:RESistance:RANGe:UPPer <Range>
Sets a fixed range for resistance measurements and turns off auto ranging.

Parameters:
<Range> <numeric value> | MIN | MAX | DEF
<numeric value>
The instrument has fixed measurement ranges: 1 k|10 kQ)|
100 kQ|1 MQ|10 MQ|100 MQ.
You can enter any value between the minimum and maximum
value. The instrument sets the next suitable range.
Range: 1 kOhm to 100 MOhm
*RST: 1 kOhm

METer:SENSe:VOLTage:AC:RANGe:UPPer <Range>
METer:SENSe:VOLTage:DC:RANGe:UPPer <Range>

Sets a fixed voltage range and turns off auto ranging.
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Parameters:
<Range> <numeric value> | MIN | MAX | DEF

<numeric value>

The instrument has fixed measurement ranges: 1 V|10 V[100 V|
1000 V.

You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.

Range: 1 to 1000
*RST: 1
Default unit: V

15.7.2.3 METer:SENSe:<function>:RANGe:AUTO Commands

METer:SENSe:<function>:RANGe: AUTO commands turn autoranging on or off. For
some measurements, you can also use the METer : CONFigure:<function> com-
mand, see Chapter 15.7.2.1, "METer: CONFigure Commands", on page 379.

METer:SENSe:CAPacitance:RANGE:AUTO......uuuuurururiiiiieieieeeeeeeeeeeeeeeerereeeeeressrsrrsrannnnnnn. 384
METer:SENSe:CURRENt:AC:RANGE:AUTO.......ccceieiieieeeeeeeeetetertrsse e e sese e e e e e eaaaeaeeeeneees 384
METer:SENSe:CURReNt:DC:RANGE:AUTO.....ccvuuiieeeeieiiieeeeeeeettee e e e e e et eeeeeebe e e e e eeannaens 384
METer:SENSe:FREQuency:VOLTage:RANGEIAUTO......coeiiiiiiiiiieieteeeeeete e 384
METer:SENSe:RESistance:RANGE:AUTO......c.uniii e 384
METer:SENSe:VOLTage:AC:RANGEIAUTO. .. ettt ettt ea e 384
METer:SENSe:VOLTage:DC:RANGE:AUTO....cccciiieiieieeeeeeeeeeeeeeeeeeeverert e e e e e e e e 384

METer:SENSe:CAPacitance:RANGe:AUTO <State>
METer:SENSe:CURRent:AC:RANGe:AUTO <State>
METer:SENSe:CURRent:DC:RANGe:AUTO <State>
METer:SENSe:FREQuency:VOLTage:RANGe:AUTO <State>
METer:SENSe:RESistance:RANGe:AUTO <State>
METer:SENSe:VOLTage:AC:RANGe:AUTO <State>
METer:SENSe:VOLTage:DC:RANGe:AUTO <State>

Disables or enables the autoranging for the specified measurement.
The query always returns OFF or ON.

Parameters:
<State> OFF | ON | ONCE
OFF | ON
0] 1 are not supported.
ONCE
Performs an immediate autorange and then turns off the auto-
ranging.

Example: METer:SENSe:VOLTage:DC:RANGe:AUTO ONCE
METer:SENSe:VOLTage:DC:RANGe:AUTO?
<-- OFF
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15.7.2.4 AC+DC Current and Voltage Measurements

METer<m>:SENSe:CURRENt:AC:COUPIING....ccieieieeeeeieeeee et e e e e e e 385
METer<m>:SENSe:VOLTage:AC:COUPING.......ccceieieeeieeeeeeeeeeiettcerese e e e e e e e e e e e e aaeeeeeeeeeens 385

METer<m>:SENSe:CURRent:AC:COUPIling <Coupling>
METer<m>:SENSe:VOLTage:AC:COUPIling <Coupling>

Enables AC+DC measurements.

Suffix:
<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
Parameters:
<CoupVoltageMeas> DCLimit | ACLimit
DCLimit
Enables AC+DC measurement.
ACLimit
Enables AC measurement.
*RST: DCLimit
Example: Configure and perform AC+DC current measurement with range
100 A:

:METer:CONFigure:CURRent:AC 100
:METer:SENSe:FUNCtion 'CURR:AC'
:METer:CONFigure:VALue?

<-- "CURR:AC 100"
:METer:SENSe:CURRent :AC:COUPling DCL
:METer :READ?

<-- 0.035906488794

Configure and perform AC voltage measurement with range 10
V:

:METer:CONFigure:VAOLTage:AC 10

:METer:SENSe:FUNCtion 'VOLT:AC'

:METer:CONFigure:VALue?

<-- "VOLT:AC 10"

:METer:SENSe:CURRent :AC:COUPling ACL

:METer :READ?

<-- 0.030006488794

15.7.2.5 Temperature Measurements

[V Y O N T R = 2= =1 (8 =T 385
METer:SENSe:TEMPerature: TRANSAUCIONRTD:TYPE......oiiiiieieee et 386

METer:UNIT:-TEMPerature <Unit>

Sets the unit for temparature measurements.
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Parameters:
<Unit> C|F|K

METer:SENSe:TEMPerature:TRANsductor:RTD:TYPE <Unit>
Sets the adapter type for temperature measurements.

Parameters:
<Unit> PT100 | PT500

Relative Measurements

To perform relative measurements, set the relevant
METer : SENSe:<function>:NULL:STATe command to ON. By default, the reference
value is 0. Alternatively, you can use METer<m>:SENSe:RELative:STATe.

To change the reference value, use the METer : SENSe: <function>:NULL:VALue
command.

METer:SENSe:CAPacitanCe:NULL:STATE. .....uiiii ettt e e e e eeaaans 386
METer:SENSEe:CURRENt: ACINULL ST AT . .cuiiiiiie ettt et e e e e e eeanenas 386
METer:SENSe:CURRENt:DCINULL:STATE. . ceiiiiiee et e et e e e e e e e e e e enns 386
METer:SENSe:RESIStaNCe:NULL:STATE......civeeeeereritiiriiiiiieaaaieeeeseeeeaeeeeeesereeeeeeesesssrsrnnane, 386
METer:SENSe: TEMPErature:NULL:STATE......ccvvvererrrririririiaieieieeeeseeaeaeeseeerereeeeessssrssssrane 386
METer:SENSE:VOLTage: ACINULL:STATE....uuuuuuuiiiaieieeeeeeeeeeeeeeeeeeeeeeeeeesnrnsnnnannnaneaeeeeas 386
METer:SENSe:VOLTage:DC:NULLISTATE......cceieeieeeeeeeeeeeeeeeee e e s s e s e e e e e e e aaaaaaaeeeeenees 386
METer<m>:SENSEINULL:STATE. ....iiii ettt e ettt e et e e et e e et e e eea e eeenaeeeeeas 387
METer<m>:SENSE:RELAtIVE:STATE. ....uu it e et et e et e e e e e e eeees 387
METer:SENSe:CAPaCHaNCeINULL:VALUE. .......cccveeeeee e eeanes 387
METer:SENSe:CURRENEAC:NULL:VALUE. .........ceeeeeeeeeeveititittceceeeese e e e e eeaeaeaeeeeeeeeeeeeeesenns 387
METer:SENSe:CURRENEDCINULLIVALUE. ...vuvetceieieieeeeeeeeeeeeeeeeeeeeeeeeeevavabasne e n e e e e e 387
METer:SENSe:VOLTage:AC:INULL:VALUE........coceveereeeinietniicaasaaeeseseseeeaaaaaasaseeeseessessnnnnes 387
METer:SENSe:VOLTage:DC:NULLIVALUE. ...cctiiteeieiieeeieee ettt e e e e e e e e aeeeeees 387
METer:SENSe:RESIStanCeINULLVALUE. ......cccuu ittt ettt e et eeeeaaeaes 388
METer:SENSe:TEMPerature:NULL:VALUE. ..........oouuieiieeeeee e 388
METer<m>:SENSEINULL:VALU. ...ttt et e e e e e e e eneans 388

METer:SENSe:CAPacitance:NULL:STATe <State>
METer:SENSe:CURRent:AC:NULL:STATe <State>
METer:SENSe:CURRent:DC:NULL:STATe <State>
METer:SENSe:RESistance:NULL:STATe <State>

METer:SENSe:TEMPerature:NULL:STATe <State>
METer:SENSe:VOLTage:AC:NULL:STATe <State>
METer:SENSe:VOLTage:DC:NULL:STATe <State>

Enables or disables the relative measurement. The reference value is defined using
the appropriate METer : SENSe: <function>:NULL:VALue command.
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Parameters:
<State> OFF | ON

*RST: OFF

METer<m>:SENSe:NULL:STATe <SetRelative>
METer<m>:SENSe:RELative:STATe <SetRelative>

Enables or disables the relative measurement for the currently active measurement

type.
Relative measurements are not available for diode, continuity, and frequency measure-
ments.
Suffix:
<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
Parameters:
<SetRelative> ON | OFF
ON=1,0FF=0
*RST: OFF

METer:SENSe:CAPacitance:NULL:VALue <ReferenceValue>

Sets the reference value for capacitance measurements. The measurement result is
the difference of the measured sample and the reference value.

The value takes effect if relative measurement is on, see METer : SENSe:
CAPacitance:NULL:STATe.

Parameters:

<ReferenceValue>  Range: +/- (1.1 * measurement range)
*RST: 0
Default unit: F

METer:SENSe:CURRent:AC:NULL:VALue <ReferenceValue>
METer:SENSe:CURRent:DC:NULL:VALue <ReferenceValue>
METer:SENSe:VOLTage:AC:NULL:VALue <ReferenceValue>
METer:SENSe:VOLTage:DC:NULL:VALue <ReferenceValue>

Sets the reference value for relative measurements. The measurement result is the dif-
ference of the measured sample and the reference value.

The value takes effect if relative measurement is on, see METer : SENSe:<func
tion>:NULL:STATe.

Parameters:

<ReferenceValue> Range: +/- (1.1 * measurement range)
*RST: 0
Default unit: V (VOLTage) | A (CURRent)
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METer:SENSe:RESistance:NULL:VALue <ReferenceValue>

Sets the reference value for resistance measurements. The measurement result is the
difference of the measured sample and the reference value.

The value takes effect if relative measurement is on, see METer : SENSe:
RESistance:NULL:STATe.

Parameters:

<ReferenceValue>  Range: +/- (1.1 * measurement range)
*RST: 0
Default unit: Ohm

METer:SENSe:TEMPerature:NULL:VALue <ReferenceValue>

Sets the reference value for temperature measurements. The measurement result is
the difference of the measured sample and the reference value.

The value takes effect if relative measurement is on, see METer : SENSe:
TEMPerature:NULL:STATe.

Parameters:
<ReferenceValue> Range: -200 to 850
*RST: 0
Default unit: To define the unit, use METer:UNIT:-TEMPerature.

METer<m>:SENSe:NULL:VALU <ReferenceValue>
Sets the reference value for the currently active measurement type.

Relative measurements are not available for diode, continuity, and frequency measure-

ments.
Suffix:
<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
Parameters:
<ReferenceValue> Range: +/- (1.1 * measurement range)

Default unit: Depends on the measurement type

15.7.4 Measurement Control

METErSENSE:IFUNCHON. .. ..cciiiiicittieiee ittt e e e e e e seestitre e e e e eaaeee e s s s saatesareeeeeeaaeeessaannnnsennenes 389
METEr:CONFIGUIEIVALUB?...cceeeeveeetettetnteeeeseseeeeeeeaaaaaaaaeeeeeeeeeesestasnsnnnaanaaaaeeeaaaaaaaaeeees 389
METer<m>:TRIGGEIMODE.........coittttitiiiiiiinae e e e e e e e e e e e e e e e e e e e et eeeeeeebab e e e e e eeeeas 389
METEr<m>:ABORL......cciiiiiieiiiiiii ittt e e e e e e e e e e e e et ettt et eeeeebeba s e r e e e e e e e aaaaaaaaens 390
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METer:SENSe:FUNCtion <MeasType>

Sets the measurement type and activates it. All measurement attributes of the previous
function (range, resolution, etc.) are remembered. If you return to the previous function,
the measurement attributes are restored.

Changing the measurement type disables scaling, limit testing, histogram, statistics,
and trend chart data collection: CALC:<function>:STAT is set OFF.

Setting parameters:

<MeasType> 'CAPacitance | CONTinuity | CURRent:AC | CURRent[:DC] |
CURRent:AD | DIODe | FREQuency | RESistance |
TEMPerature | VOLTage:AC | VOLTage[:DC] | VOLTage:AD'

String parameter
*RST: VOLTage [:DC]
Example: MET:SENS:FUNC "VOLT:AC"

MET : CONF: VAL?
<--"VOLT:AC 1"

Usage: Setting only

METer:CONFigure:VALue?
Returns the actual measurement type (short form) and the range.

Return values:
<Configuration> String parameter

Example: MET:CONF:VAL?
<--"VOLT:DC 100"
The DMM is set to DC voltage measurement and range 100 V.

Usage: Query only

METer<m>:TRIGger:MODE <TriggerMode>

Defines how long the instrument measures. To start the measurement again, use RUN
or the appropriate METer<m>:MEASure:<function> command.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Parameters:
<TriggerMode> AUTO | SINGle

AUTO
The instrument performs continuous measurements.

SINGle
The instrument performs a single measurement.

*RST: AUTO
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METer<m>:ABORt

Stops the running measurement.

Suffix:
<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
Usage: Event
Results
®  REAAING VAIUES.......ceeiiiiiiieiie et a e e e e e e e e e e e e 390
o METEr:-MEASUIre COMMANAS.....uuiiiiiiiieieee ettt e e e e e e e et e e e s eeaa s 391
L = 1111 (o= TR 393

Reading Values

After configuration and selection of the active measurement, you can read the result
values.

[V 2 RS 0 e | L = (TR 390
METEI<IM>IREAD?. ..t ieete et e e et e et e e et e et e e st e e e eaa e s aae s e s baeeesaa s s aan s eebnssenannsaren 390
Y| LY 1 et =i O o N 391
METer<m>:INITiate

Resets the hardware and all statistical values, performs a single measurement and
ends in hold mode.

Suffix:

<m> 1.4
Usage: Event
METer<m>:READ?

Starts a new measurement, returns the current measurement result and stays in run
mode.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Return values:
<Meter result>

Usage: Query only
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METer<m>:FETCh?
Returns the currently measured value.
Use this command after METer<m>: INITiate.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Return values:

<Result> Range: -100E+24 to 100E+24
Increment: 0
*RST: 0

Default unit: V

Example: METer:INITiate
METer:FETCh?
<--999.98564109

Usage: Query only
15.7.5.2 METer:MEASure Commands

Sending a METer :MEASure:<function>? command is the same as sending the
METer : CONFigure:<function> command followed immediately by a READ? com-

mand.

METEr:MEASUrE:CONTINUILY 2. . et eee ettt e et e e e e et e e ee e e e et e e e e e e e eaeeaneeeas 391
METErMEASUIE:DIODE?. ... .ccceeeeeeee ettt e e e e s e e e e e eeaeaaaeeeeeeseeeeesesesassasasananan 391
METer:-MEASUIe:FREQUENCY?......cceveirereiurnnreuaaaaaaaseeeesaaaaaaseseeeereeeeaeesnrnnnsnnnnnaaaasesesaes 391
METEr:MEASUrE: TEMPEIAtUIE?. .. v e eeeeetieieeeeeetee e e e e eettte e e e e e eaat e e e e e e esbeeeeeeeanbaaeaeseesanas 391
METer:MEASUre:CAPACIANCE?. . ... iieeieiiiee e et e et e e e et e e e e e e et e e e et e e e enanaaees 392
METer:MEASUre:CURRENEAC?.......e et e 392
METer:MEASUre:CURRENEDC?...... ..ot eee e 392
METer:MEASUIE:RESISIANCE?. ... ceeeeieeeee ettt e et e et e e e e e e e e e e e eeeeeeeanns 392
METEr:MEASUIE:VOLTAGEAC?...ceeeieretittittieieaeeeieeeeeeeeeaeeeeeeeeeeeeeeessatababaaaaaaaaeaeseeaaaans 392
METEer:MEASUre:VOLTAGEIDC?....uuuiiiiiiieeieeee e e i eeiinitetee e e e e seeeeesssannsrarereeeasasessesennsnnsenneees 392

METer:MEASure:CONTinuity?
METer:MEASure:DIODe?
METer:MEASure:FREQuency?
METer:MEASure:TEMPerature?

Configures the measurement and returns the result.

Return values:
<Range>

Usage: Query only
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METer:MEASure:CAPacitance? [<ExpectedValue>]

Configures the capacitance measurement and returns the result.

Query parameters:
[<ExpectedValue>]

Return values:
<Result>

Usage:

<numeric value> | MIN | MAX | DEF | 'AUTO'

Optional parameter, expected measurement result or range. The
instrument sets the appropriate measurement range.
See: METer:CONFigure:CAPacitance

Numeric value

Query only

METer:MEASure:CURRent:AC? [<ExpectedValue>]
METer:MEASure:CURRent:DC? [<ExpectedValue>]

Configures the current measurement and returns the result.

Query parameters:
[<ExpectedValue>]

Return values:
<Result>

Example:

Usage:

<numeric value> | MIN | MAX | DEF | 'AUTO'

Optional parameter, expected measurement result or range. The
instrument sets the appropriate measurement range.
See: METer :CONFigure:CURRent:DC

Numeric value

:METer :MEASure:CURRent:DC? 15
<-- 13.4907681509

Query only

METer:MEASure:RESistance? [<ExpectedValue>]

Configures the resistance measurement and returns the result.

Query parameters:
[<ExpectedValue>]

Return values:
<Result>

Usage:

<numeric value> | MIN | MAX | DEF | 'AUTO'

Optional parameter, expected measurement result or range. The
instrument sets the appropriate measurement range.
See: METer:CONFigure:RESistance

Numeric value

Query only

METer:MEASure:VOLTage:AC? [<ExpectedValue>]
METer:MEASure:VOLTage:DC? [<ExpectedValue>]

Configures the voltage measurement and returns the result.
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Query parameters:
[<ExpectedValue>]  <numeric value> | MIN | MAX | DEF | 'AUTO'

Optional parameter, expected measurement result or range. The
instrument sets the appropriate measurement range.
See: METer :CONFigure:VOLTage: DC.

Return values:

<Result> Numeric value

Example: :METer:MEASure:VOLTage:DC? 5
<-- 3.4907681509

Usage: Query only

Statistics

Before you can get statistical results, configure the measurement and select the mea-
surement to be performed using METer : SENSe : FUNCtion.

METer<m>:CALCulate:AVERAQGE:AVERAQE?.........oceeieeieiieieieiicccesiese s e e e e e eeaaaeaaeaeeseeeeenees 393
METer<m>:CALCulate:AVERaGE:MINIMUM?......coiiiiiiiieiiiieeieeeeee i e e e e e e e ee e 393
METer<m>:CALCulate:AVERaGE:MAXIMUM?......coiiiiiiiiiiiiiieteeaaaaae e e e e e e e e aeaaaaeaeeeeeeeaeaeenens 394
METer<m>:CALCulate:AVERAGE:CLEAN.......ccciiiiiiiiiiiieeaaaaaae e e e e e e e ee e e e e e e e e eeeeeeeeeaeeeeenennnnas 394

METer<m>:CALCulate:AVERage:AVERage?
Returns the mean value of the measurement series.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Return values:

<Average> Range: -100E+24 to 100E+24
Increment: 1E-12
*RST: 0

Default unit: V
Usage: Query only

METer<m>:CALCulate:AVERage:MINimum?
Returns the minimum value of the measurement series.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
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Return values:

<Minimum> Range: -100E+24 to 100E+24
Increment: 1E-12
*RST: 0

Default unit: V
Usage: Query only

METer<m>:CALCulate:AVERage:MAXimum?
Returns the maximum value of the measurement series.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Return values:

<Maximum> Range: -100E+24 to 100E+24
Increment: 1E-12
*RST: 0

Default unit: V
Usage: Query only

METer<m>:CALCulate:AVERage:CLEar
Deletes all statistical values.

Statistics are also deleted if:

® The measurement function changes (METer : SENSe: FUNCtion).
® *RST

® SYSTem:PRESet

Suffix:
<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
Usage: Event

15.8 Voltmeter (R&S RTH1004)

o Activating the VOoIMeter........oouuiiiiii e 395
o  Measurement Configuration...........cueeeiiiiiiiiii e 395
o Relative MeasUIrEMENTS........uuuuuiiiiieie e e e e e e e e e e e eaeeeees 399
o  MeasuremMeNnt CONIIOL.......cccoiiiiiiiiiieee et e e e e e e e e e e e e e e e eeeesaar b 401
@ RESUIS.. ettt e e e e e e e eaa e aeeeaaan 403
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Activating the Voltmeter

METer<m>:SENSe:STATe <State>

Activates the voltmeter measurement.

Suffix:
<m> 1.4
Selects the voltmeter.
Parameters:
<State> ON | OFF

*RST: OFF

Measurement Configuration

The only parameter that can be set is the measurement range. All other settings are
automatically adjusted by the instrument.

To set a fixed measurement range, you can use several commands:

METer<m>:CONFigure:<function>

Configures the specified measurement including the measurement range.

See Chapter 15.8.2.2, "METer<m>:CONFigure Commands", on page 396.
METer<m>:SENSe:<function>:RANGe:UPPer

Sets the measurement range.

See Chapter 15.8.2.3, "METer<m>:SENSe:<function>:RANGe:UPPER Com-
mands", on page 397.

METer<m>:MEASure:<function>

Configures the specified measurement including the measurement range, starts
the measurement, and returns the result.

The configuration commands are described in the following chapters:

General Configuration........ccceuiiieiieiei e e e e e e e s 395
METer<m>:CONFigure COmmaNnds..........ccuuriiieieeeeeeiiiiciiieeeeeeee e e e e e s sesnsnveeeeees 396
METer<m>:SENSe:<function>:RANGe:UPPER Commands........c..cccccuererrurnenn. 397
AC+DC Current and Voltage Measurements............cccoeeeeiieeenieneiiee e 398

General Configuration

METer<m>:SENSe:SOURce <InputChannel>

Selects the input channel to be measured by the specified voltmeter.

Suffix:
<m> 1.4

Selects the voltmeter.
Parameters:

<InputChannel> C1|C2|C3|C4

*RST: C1
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METer<m>:SENSe:RANGe <MeterRangeUl>

Sets the measurement range of the input channel that is measured by the meter.

Suffix:
<m> 1.4
Selects the voltmeter.
Parameters:
<MeterRangeUl> Range: The range depends on the selected measurement

type. For values, see the appropriate METer:CON-
Figure:<function> command.

METer<m>:CONFigure Commands
METer : CONFigure:<function> commands set all internal measurement parame-
ters for the specified measurement, and also the measurement range.

To set the range to minimum, maximum, or default value, use the following parameters:
® METer<m>:CONFigure:<function> MIN
® METer<m>:CONFigure:<function> MAX

® METer<m>:CONFigure:<function> DEF

The METer<m>:CONFigure:<function> commands are only for configuration. To
activate a measurement, use METer<m>: SENSe : FUNCtion on page 401.

METer<m>:CONFigure:VALue? returns the active measurement and range.

To read the result, use METer<m>:READ? Oor METer<m>:FETCh?.

METer<m>:CONFigure:CURRENEAC . ......coi ittt e e e e e e et e e e e e eeeeeeeeneananas 396
METer<m>:CONFigure:CURRENEDC....cuuuuiuiieaeaae e e e e e e e e e e e e e e ee e et ee et 396
METer<m>:CONFigure:VOLTAgE:IAC . .....ceciiiieeieieieeeeeaaaaaa e e e e e e e eeeaaaeaeeeeeeeaeaeaeeenennnnaenns 397
METer<m>:CONFigure:VOLTagE:DC. .. . ccieieieeeeeeeeeeeeeeeeeeece ettt s e e e e e e e e e e e aaaaeeeeeeeees 397

METer<m>:CONFigure:CURRent:AC
METer<m>:CONFigure:CURRent:DC

Sets the internal parameters and configures the range for current measurements.
You need an external shunt resistor or I/U converter for current measurement.

Suffix:
<m> 1.4
Selects the voltmeter.
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Voltmeter (R&S RTH1004)

Parameters:
<Range> <numeric value> | MIN | MAX | DEF
<numeric value>
The instrument has fixed measurement ranges: 1 A|10 A[100 A|
1000 A.
You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.
Range: 1 to 1000
*RST: 1
Default unit: A

Usage: Setting only

METer<m>:CONFigure:VOLTage:AC
METer<m>:CONFigure:VOLTage:DC

Sets the internal parameters and configures the range for voltage measurements.

Suffix:
<m> 1.4
Selects the voltmeter.

Parameters:
<Range> <numeric value> | MIN | MAX | DEF
<numeric value>
The instrument has fixed measurement ranges: 1 V|10 V|100 V|
1000 V.
You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.
Range: 1 to 1000
*RST: 1
Default unit: V

Usage: Setting only

METer<m>:SENSe:<function>:RANGe:UPPER Commands

METer<m>:SENSe:<function>:RANGe:UPPER commands set the measurement
range. You can use these commands in addition to METer<m>: CONFigure com-
mands if you want to change only the range.

METer<m>:SENSe:CURRENt:AC:RANGEIUPPEN.......ccoeiiiiiteieeeeeeiee e eeens 397
METer<m>:SENSe:CURReNt:DC:RANGE:UPPET........cooiiieiiii e 397
METer<m>:SENSe:VOLTage:AC:RANGE:UPPET..... .. 398
METer<m>:SENSe:VOLTage:DC:RANGE:UPPEN.......coiiiiiiiiiaaaaaaa e e e e e e e e e e e e e e eeeeeeeeeeeees 398

METer<m>:SENSe:CURRent:AC:RANGe:UPPer <Range>
METer<m>:SENSe:CURRent:DC:RANGe:UPPer <Range>

Sets a fixed current range.



Voltmeter (R&S RTH1004)

Suffix:
<m> 1.4
Selects the voltmeter.
Parameters:
<Range> <numeric value> | MIN | MAX | DEF

<numeric value>

The instrument has fixed measurement ranges: 1 A|10 A[100 A|
1000 A.

You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.

Range: 1 to 1000
*RST: 1
Default unit: A

METer<m>:SENSe:VOLTage:AC:RANGe:UPPer <Range>
METer<m>:SENSe:VOLTage:DC:RANGe:UPPer <Range>

Sets a fixed voltage range.

Suffix:
<m> 1.4
Selects the voltmeter.
Parameters:
<Range> <numeric value> | MIN | MAX | DEF

<numeric value>

The instrument has fixed measurement ranges: 1 V|10 V|100 V|
1000 V.

You can enter any value between the minimum and maximum
value. The instrument uses the next suitable range.

Range: 1 to 1000
*RST: 1
Default unit: V

15.8.2.4 AC+DC Current and Voltage Measurements

METer<m>:SENSe:CURRENt:AC:COUPIING....cccieiiiiiieiieeeeeeeeeeeeeeeeeee e e e e e e 398
METer<m>:SENSe:VOLTage:AC:COUPING......ettiiieieieieetiiieteeiei s e e e e e e e e e e e eeeeeeeeeees 398

METer<m>:SENSe:CURRent:AC:COUPIling <Coupling>
METer<m>:SENSe:VOLTage:AC:COUPling <Coupling>

Enables AC+DC measurements.



Voltmeter (R&S RTH1004)

Suffix:
<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
Parameters:
<CoupVoltageMeas> DCLimit | ACLimit
DCLimit
Enables AC+DC measurement.
ACLimit
Enables AC measurement.
*RST: DCLimit
Example: Configure and perform AC+DC current measurement with range
100 A:

:METer:CONFigure:CURRent:AC 100
:METer:SENSe:FUNCtion 'CURR:AC'
:METer:CONFigure:VALue?

<-- "CURR:AC 100"
:METer:SENSe:CURRent :AC:COUPling DCL
:METer :READ?

<-- 0.035906488794

Configure and perform AC voltage measurement with range 10
V:

:METer:CONFigure:VAOLTage:AC 10

:METer:SENSe:FUNCtion 'VOLT:AC'

:METer:CONFigure:VALue?

<-- "VOLT:AC 10"

:METer:SENSe:CURRent :AC:COUPling ACL

:METer :READ?

<-- 0.030006488794

15.8.3 Relative Measurements

To perform relative measurements, set the relevant
METer<m>:SENSe:<function>:NULL:STATe command to ON. By default, the refer-
ence value is 0. Alternatively, you can use METer<m>:SENSe:RELative:STATe.

To change the reference value, use the
METer<m>:SENSe:<function>:NULL:VALue command.

METer<m>:SENSe:CURRENt:AC:NULL:STATE....uuiiiiiiiiiieeieeeeeetieeeeeeeeete e e e e e eeraneeeeeeeeranns 400
METer<m>:SENSe:CURRENt:DC:NULL:STATE. ...couiiiiii it 400
METer<m>:SENSe:VOLTage:AC:NULL:STATE. ...ttt ettt et e e 400
METer<m>:SENSe:VOLTage:DC:NULL:STATE. ..cuuiiii ittt e e 400
METer<m>:SENSEINULLISTATE.......cceeieiiieeeeeeeieitiieeeae e e e e e e eeeeeeaeeeeeeeeeeeeesssrasasaaaannannans 400
METer<m>:SENSE:RELAIIVE:STATE. ..uucieieeeeieieeeeeeeeeieeeeeeeeeeererrrrar e ieseeeeeaaaasaseereeeees 400
METer<m>:SENSe:CURRENt:AC:NULL:VALUE. ......ccieeiiietiieeeeeeeeticeeeeeeeeteeeeeeeeeraaeeeeeeeennas 400
METer<m>:SENSe:CURRENt:DC:NULL:VALUE......ccuiiiiiieeiie ettt e e 400



Voltmeter (R&S RTH1004)

METer<m>:SENSe:VOLTAge:ACINULLIVALUE. ....ciieii ettt 400
METer<m>:SENSe:VOLTage:DCINULL:VALUE. c..c.etiieeeiaaaaaaa e e e e e e eee e e e e eeeeeeeeeeeeeneneees 400
METer<m>:SENSEINULLIVALU. ...ttt e e e e e e e e e e e e e eaanees 401

METer<m>:SENSe:CURRent:AC:NULL:STATe <State>
METer<m>:SENSe:CURRent:DC:NULL:STATe <State>
METer<m>:SENSe:VOLTage:AC:NULL:STATe <State>
METer<m>:SENSe:VOLTage:DC:NULL:STATe <State>

Enables or disables the relative measurement. The reference value is defined using
METer:SENSe:<function>:NULL:VALue

Suffix:
<m> 1.4
Selects the voltmeter.
Parameters:
<State> OFF | ON

*RST: OFF

METer<m>:SENSe:NULL:STATe <SetRelative>
METer<m>:SENSe:RELative:STATe <SetRelative>

Enables or disables the relative measurement for the currently active measurement

type.
Relative measurements are not available for diode, continuity, and frequency measure-
ments.
Suffix:
<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
Parameters:
<SetRelative> ON | OFF
ON=1,0FF=0
*RST: OFF

METer<m>:SENSe:CURRent:AC:NULL:VALue <ReferenceValue>
METer<m>:SENSe:CURRent:DC:NULL:VALue <ReferenceValue>
METer<m>:SENSe:VOLTage:AC:NULL:VALue <ReferenceValue>
METer<m>:SENSe:VOLTage:DC:NULL:VALue <ReferenceValue>

Sets the reference value for relative measurements. The measurement result is the dif-
ference of the measured sample and the reference value.

The value takes effect if relative measurement is on, see METer<m>: SENSe:
VOLTage:DC:NULL: STATe.
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Suffix:
<m> 1.4
Selects the voltmeter.
Parameters:
<ReferenceValue> Range: +/- (1.1 * measurement range)

*RST: 0
Default unit: V (VOLTage) | A (CURRent)

METer<m>:SENSe:NULL:VALU <ReferenceValue>
Sets the reference value for the currently active measurement type.

Relative measurements are not available for diode, continuity, and frequency measure-
ments.

Suffix:
<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
Parameters:
<ReferenceValue>  Range: +/- (1.1 * measurement range)

Default unit: Depends on the measurement type

Measurement Control

METer<m>:SENSE:IFUNCHON. . cciiiiiieetieiiccititiee et e e e e e e e e e seerreere e e e e aaeeesessennnnreraneeeeaaaaeenss 401
METer<m>:CONFIQUIEIVALUB?......cceee e et e eeeeeeeeeeeeete et e e s s e s e s e e e e aaaaeeeeeeeeeeeaeeesenensnnnnnnan 402
METer<m>:TRIGGEINMODE..........ccctttiiiiiiiiiiiiieieie e e e e e e e e aeaeeaeeeeeeeeereasra e aeaeaeaaeas 402
Y L= R bl A = 1 ) P 402

METer<m>:SENSe:FUNCtion <MeasType>

Sets the measurement type for the selected meter. All measurement attributes of the
previous function (range, resolution, etc.) are remembered. If you return to the previous
function, the measurement attributes are restored.

Changing the measurement type disables scaling, limit testing, histogram, statistics,
and trend chart data collection: CALC:<function>:STAT is set OFF.

Suffix:
<m> 1.4
Selects the voltmeter.

Setting parameters:

<MeasType> 'VOLTage:AC | VOLTage[:DC] | VOLTage:AD'
String parameter
*RST: VOLTage [:DC]
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Example: MET2:SENS:FUNC "VOLT:AC"
MET2 :CONF:VAL?
<--"VOLT:AC 1"
Sets the second voltmeter to AC voltage measurement.

Usage: Setting only

METer<m>:CONFigure:VALue?
Returns the actual measurement type (short form) and the range.

Suffix:
<m> 1.4
Selects the voltmeter.

Return values:

<Configuration> String parameter

Example: MET : CONF: VAL?
<-- "VOLT:DC 100"
The first voltmeter is set to DC voltage measurement and range
100 V.

Usage: Query only

METer<m>:TRIGger:MODE <TriggerMode>

Defines how long the instrument measures. To start the measurement again, use RUN
or the appropriate METer<m>:MEASure:<function> command.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Parameters:
<TriggerMode> AUTO | SINGle

AUTO
The instrument performs continuous measurements.

SINGle
The instrument performs a single measurement.

*RST: AUTO

METer<m>:ABORt
Stops the running measurement.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.



15.8.5

15.8.5.1

Voltmeter (R&S RTH1004)

Usage: Event

Results

0 ReadING ValUES...... .t e e e e e 403
o METer:MEASUre COmMMEANGS.......ooiueiieie et e et e e e e e e e e e ena s 404
L IS =111 o3 405

Reading Values

| = LY 0 et | N L = (T 403
Y L= 01 B R 2 I 2 403
Y =Y RS 0 e o = 11 N 403
METer<m>:INITiate

Resets the hardware and all statistical values, performs a single measurement and
ends in hold mode.

Suffix:

<m> 1.4
Usage: Event
METer<m>:READ?

Starts a new measurement, returns the current measurement result and stays in run
mode.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Return values:
<Meter result>

Usage: Query only

METer<m>:FETCh?
Returns the currently measured value.
Use this command after METer<m>:INITiate.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
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Return values:

<Result> Range: -100E+24 to 100E+24
Increment: 0
*RST: 0

Default unit: V

Example: METer:INITiate
METer:FETCh?
<--999.98564109

Usage: Query only
METer:MEASure Commands
Sending a METer :MEASure:<function>? command is the same as sending the

METer :CONFigure:<function> command followed immediately by a READ? com-
mand.

METer<m>:MEASUre:CURRENEAC?......ei e eee ettt e e e ettt e e e e et e e e e eeeebe e e e s eeraaaeeaees 404
METer<m>:MEASUre:CURRENEDC ... oottt e e e 404
METer<m>:MEASUre:VOLTAgEIAC? ... e eeeeeeee ettt a e e e e e e e e e e e e e aaeaeeeeeeeeeees 404
METer<m>:MEASUre:VOLTAgEIDC 2.....uuuuuuuaaaaaae e ee e e eeee e e e e e e et eeeeee e aa e e e e e e e e eeaans 404

METer<m>:MEASure:CURRent:AC? [<ExpectedValue>]
METer<m>:MEASure:CURRent:DC? [<ExpectedValue>]

Configures the current measurement and returns the result.
Suffix:

<m> 1.4
Selects the voltmeter.

Query parameters:
[<ExpectedValue>]  <numeric value> | MIN | MAX | DEF

Optional parameter, expected measurement result or range. The
instrument sets the appropriate measurement range.
See: METer<m>:CONFigure:CURRent:DC

Return values:
<Result> Numeric value

Usage: Query only

METer<m>:MEASure:VOLTage:AC? [<ExpectedValue>]
METer<m>:MEASure:VOLTage:DC? [<ExpectedValue>]

Configures the voltage measurement and returns the result.
Suffix:

<m> 1.4
Selects the voltmeter.



15.8.5.3
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Query parameters:
[<ExpectedValue>]  <numeric value> | MIN | MAX | DEF

Optional parameter, expected measurement result or range. The
instrument sets the appropriate measurement range.
See: METer<m>:CONFigure:VOLTage:DC.

Return values:

<Result> Numeric value
Usage: Query only
Statistics

Before you can get statistical results, configure the measurement and select the mea-
surement to be performed using METer<m>: SENSe : FUNCtion.

METer<m>:CALCulate:AVERAQGE:AVERAQE?.........oceviiiieeieieieiiicccceiesese e e e e e e aaaeaaeeeeeeeeeeeees 405
METer<m>:CALCulate:AVERaGE:MINIMUM?......coiiiiiiiiiiiiiiieeeeieeie e e e e e e aee e 405
METer<m>:CALCulate:AVERaGE:MAXIMUM?......coiiiiiiiiiiiiiinteaaaaaeae e e e e e e eeaeaaeaeeeeeeeeeanenens 406
METer<m>:CALCulate:AVERAGE:CLEAN........cciiiiiiiieiiieeaaaaae e e e e e e e e e e e e e e e e e e e e eeeeeeeeeeenenennas 406

METer<m>:CALCulate:AVERage:AVERage?
Returns the mean value of the measurement series.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Return values:

<Average> Range: -100E+24 to 100E+24
Increment: 1E-12
*RST: 0

Default unit: V
Usage: Query only

METer<m>:CALCulate:AVERage:MINimum?
Returns the minimum value of the measurement series.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Return values:

<Minimum> Range: -100E+24 to 100E+24
Increment: 1E-12
*RST: 0

Default unit: V
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Usage: Query only

METer<m>:CALCulate:AVERage:MAXimum?
Returns the maximum value of the measurement series.

Suffix:

<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.

Return values:

<Maximum> Range: -100E+24 to 100E+24
Increment: 1E-12
*RST: 0

Default unit: V
Usage: Query only

METer<m>:CALCulate:AVERage:CLEar

Deletes all statistical values.

Statistics are also deleted if:

® The measurement function changes (METer : SENSe: FUNCtion).
® *RST

® SYSTem:PRESet

Suffix:
<m> 1.4
R&S RTH1002: always 1, omit the suffix
R&S RTH1004: Selects the voltmeter.
Usage: Event

Counter Mode (R&S RTH-K33)

COUNLErSMZIABORL. ..ttt e ettt e e e e e e s e s ettt e e et e e e e e e s e s aanbbareeeeaaaaeeeaean 407
COUNter<m>:CALCUlate:AVERAGEIALL?.....uuueeiiieieie i e e e e e e e eee e e 407
COUNter<m>:CALCulate:AVERAGE:AVERAQJE?...c.cuuururutuiuaaaaaaaaa e e e e aeaaaaaaeeeeeeeeeeeeeeeeenennas 407
COUNter<m>:CALCulate:AVERAGE:CLEQN . ...... . it e e e e e e e 407
COUNter<m>:CALCulate:AVERage:COUNt:CURREN?.....c.cuivieieieiaaaaaae e e e e e e eeeeeeeeeeeeeeeees 408
COUNter<m>:CALCulate:AVEREAGE:MAXIMUM?.......coeevrerereriiiiiiiieiaaeieieseeeeeaeaeseseeseeeeeeeens 408
COUNter<m>:CALCulate:AVERAGE:MINIMUM?........ccoeeiierrerreririiiiieeieieeeeeeeeeeeaeseesereeeeeens 408
COUNter<m>:CONFigUre:FREQUENCY......c.ctttitiriiiietnitiiaaaaa s e e e e e e e e e aeaeeaeaereeeeeeeeeensnnnanas 409
COUNLer<m>:CONFIGUIEIVALUE?......ceieieeiieetetittitteeeae s e e e e e e e e e e e e e e e e eeeeeeeeeeeesbaban e ns 409
COUNLEIrSM > FETCRN? ettt e e e e e e e e e e e et et e ettt et eeeeetn b e e ae e e e e e e eaaaaaeaaeaeeaes 409
COUNLEISMS IINITIAEE . . e e et e e e e e e e e e e e e et et e et e eeeeeaee et a e e e e e e e e e e e eeeaaaeaeeeeeeeeeenenennnnnnnnn 410
COUNter<m>:MEASUre:FREQUENCY?.......ceeeieeeeeeeeeeeeeeeeinineaaaaaaaaeaeaeeeeeaaaaaaaeeeeeeeeennnenees 410
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(610 10\ (=Y a0 s Bt =] = 1 B 1 SRR 411
COUNter<m>:SENSEIFUNCHON. ......cceeeeeteeeeee et 411
COUNLEr<m>:SENSEIRANGE. .....couue ettt et e e e e e eae e e e e e eeaeeeeaaeeennnnnns 411
COUNLer<m>:SENSE:REFErENCEISTATE. ..uuuuuiieieeieieieeeeeeeeeeeeeeeeeeeeeeearar b aaeeeseeeeaens 411
COUNter<m>:SENSE:REFEIrENCE:IVALUE........vvvvrereriiieieieieeeeeeeeeeeeeeseserereeeeesererrsrasan————— 412
COUNLEr<m>:SENSEISOURCE. ....uuieiieiiitiiieeeeetttaeeeeeeetttaeeeeeeaataseeesestaaeesersntaaeaeseeranns 412
(610 10\ (=Y R 0 g Bt ] = N ST Y 1= TR 412
COUNter<m>:SENSe:TRIGGEIMODE........coititiiiiiiitaaaaa e e e e e e e e e e aeeeeeeeeeeeeeaeeenenennens 412
COUNter<m>:ABORt

Aborts a running measurement and switches to single measurement mode.

Suffix:
<m> 1.2
Usage: Event

COUNter<m>:CALCulate:AVERage:ALL?

Queries the statistical results of all measured counter frequencies since statistics were
last restarted.

Suffix:
<m> 1.2

Return values:
<All statistics> Minimum, average, maximum value

Usage: Query only

COUNter<m>:CALCulate:AVERage:AVERage?

Queries the average of all measured counter frequencies since statistics were last
restarted.

Suffix:
<m> 1.2

Return values:

<Average> Average measured value
Range: -100E+24 to 100E+24
Increment: 1E-12
*RST: 0

Default unit: Hz

Usage: Query only

COUNter<m>:CALCulate:AVERage:CLEar

Resets all statistical values.
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Suffix:
<m> 1.2
Usage: Event

COUNter<m>:CALCulate:AVERage:COUNt:CURRent?
Returns the number of counter frequencies included in the averaging process.

Suffix:
<m> 1.2

Return values:

<NumberOfValues> Range: 0 to 4294967295
Increment: 1
*RST: 0

Usage: Query only

COUNter<m>:CALCulate:AVERage:MAXimum?

Queries the maximum of all measured counter frequencies since statistics were last
restarted.

Suffix:
<m> 1.2

Return values:

<Maximum> Average measured value
Range: -100E+24 to 100E+24
Increment: 1E-12
*RST: 0

Default unit: Hz

Usage: Query only

COUNter<m>:CALCulate:AVERage:MINimum?

Queries the minimum of all measured counter frequencies since statistics were last
restarted.

Suffix:
<m> 1.2

Return values:

<Minimum> Average measured value
Range: -100E+24 to 100E+24
Increment: 1E-12
*RST: 0

Default unit: Hz

Usage: Query only



Counter Mode (R&S RTH-K33)

COUNter<m>:CONFigure:FREQuency <Range>

This command sets all measurement parameters and trigger parameters to default val-
ues for frequency measurements.

Note: this command can be executed at any time, even if the counter is not yet activa-
ted. The parameters are stored internally and used when the counter is activated.

Suffix:
<m> 1.2

Parameters:
<Range> <numeric value> | MIN | MAX | DEF

Defines the measurement range of the input signal for the coun-
ter. If probes are connected, the MIN | MAX | DEF values are
adapted accordingly.

<numeric value>
Power range in V. If necessary, the next higher range is
selected.

MIN
100 mV

MAX
300V

DEF
100 mV

Usage: Setting only

COUNter<m>:CONFigure:VALue?

Returns the current configuration for the counter measurement defined by the most
recent COUNter<m>:CONFigure: FREQuency Or COUNter<m>:MEASure:
FREQuency? command.

Suffix:
<m> 1.2

Return values:
<ConfigString> String containing the current measurement function (FREQ) and
the defined measurement range of the used input channel.

Example: COUN1:CONF:VAL?
//Result: 'FREQ 3V'

Usage: Query only

COUNter<m>:FETCh?
Queries the currently measured value.

Suffix:
<m> 1.2
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Return values:

<ResultActual> Measured value
Range: -100E+24 to 100E+24
Increment: 0
*RST: 0

Default unit: Hz

Usage: Query only

COUNter<m>:INITiate

Resets the hardware and all statistical values, performs a single measurement and
ends in hold mode.

Suffix:
<m> 1.2
Usage: Event

COUNter<m>:MEASure:FREQuency? <Range>

This command sets all measurement parameters and trigger parameters to default val-
ues for frequency measurements, then immediately triggers a counter measurement
and returns the result.

This command corresponds to the commands COUNter<m>:CONFigure:
FREQuency + COUNter<m>:FETCh?

Suffix:

<m> 1.2

Parameters:

<Range> <numeric value> | MIN | MAX | DEF

Defines the measurement range of the input signal for the coun-
ter. If probes are connected, the MIN | MAX | DEF values are
adapted accordingly.

<numeric value>

Power range in V. If necessary, the next higher range is
selected.

MIN

100 mV

MAX

300 V

DEF
100 mV

Return values:
<Counter result> Measured frequency

Usage: Query only
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COUNter<m>:READ?

Starts a new measurement, returns the current measurement result and stays in run

mode.

Suffix:
<m>

Return values:
<Counter result>

Usage:

1.2

Measured frequency

Query only

COUNter<m>:SENSe:FUNCtion [<Function>]

Selects the input channel for the counter.

Suffix:
<m>

Parameters:
<Function>

1.2

'FREQ 1' | 'FREQ 2' | 'FREQ 3' | 'FREQ 4'
Depends on available channels.

COUNter<m>:SENSe:RANGe <MeterRangeUI>

This command defines the measurement range.

Suffix:
<m>

Parameters:
<MeterRangeUl>

1.2

Range: 0.1 to 300
Increment: 0.1

*RST: 0.1

COUNter<m>:SENSe:REFerence:STATe <ReferenceSource>

Selects the reference to be used for the counter.

Suffix:
<m>

Parameters:
<ReferenceSource>

1.2

INTernal | EXTernal

EXTernal

The measured value of counter 2 is used as a reference. Specify
the nominal reference frequency for counter 2 using
COUNter<m>:SENSe:REFerence:VALue.

INTernal
An internal reference is used to determine the counter fre-
quency.
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*RST: INTernal

COUNter<m>:SENSe:REFerence:VALue <RefFreg>

Defines the nominal frequency value to be used as a reference for counter 2.

Suffix:

<m> 1.2

Parameters:

<RefFreqg> Range: 10 to 500E+6
Increment: 1
*RST: 10E+6

Default unit: Hz

COUNter<m>:SENSe:SOURCce <InputChannel>

Selects the channel used for input for the selected counter.

Suffix:

<m> 1.2
Parameters:

<InputChannel> C1|C2|C3|C4

*RST: C1

COUNter<m>:SENSe:STATe <State>

Activates or deactivates the counter.

Suffix:

<m> 1.2
Parameters:

<State> ON | OFF

*RST: OFF

COUNter<m>:SENSe:TRIGger:MODE <TriggerMode>

Determines the measurement mode.

Suffix:

<m> 1.2
Parameters:

<TriggerMode> AUTO | SINGle

AUTO
Continuous measurement; the most recent value is preserved
and displayed, while the oldest value are overwritten
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SINGle
Single measurement; the continuous measurement is stopped
and the most recent value is preserved.

*RST: AUTO

15.10 Data Logging
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15.10.1 Logger Settings
LOGGEINSOURGCE. ...ceeeeeiiiieietetete e aaaaaaaae e e e e eeaeaaaeaeeeeeeeeeeaeaeentnsannnn e aaaaaaeaeeeeeaaaaaaeeeeeenee 413
LOGGETTIMEDASE:SRATE. ...ceeiiuetiiieeiiitteessattteeessanbeeaesanseeeeessnbeeeessasbeeeesaansreeeesannrenas 413
LOGGEITIMEDASE:SCALE. .. eeeeiiitiiieeeiatiieteeestteeeeesaabeeeeesaasteeaeessbeeeeeesasbeeeessaseeeasssnrenas 414
LOGGEINSLOT:CURRENL . c.ceittteeiiittteetteee e e e e e e e e e ettt ettt e e e e e e e e s e sbeeeeeeeaaaeeeeeeaaannnrnnee 414
LOGGEer:SLOT:SLOTSM>INAME ... ...ttt e e e e e e e eaaae 414
LOGGer:SLOT:SLOT<M>IHASDAIA?. .. ettt ettt ettt e e e e e e e e e enaas 414
LOGGEr:SLOT:SLOT M ST AR 2. ettt et e e et e e e e e ees 415
LOGGEINSLOT:LOAD. ..cee ettt ettt e e et e e et e e e e e et e e e e s e e ena s e eeaeeren s eeenneeeen 415
LOGGEISLOTCLEAN ettt iutteeee ettt e e etete e e sttt e e e st ee e e e e et e e e s anbeeeeseanbeeeeseannreeeeesannees 415
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LOGGer:SOURce <Source>
Sets the logger source.
Befor you can change the logger source, stop the measurement.

Parameters:
<Source> SCOPe | METer | COUNter

SCOPe: an active automatic measurement is required.
METer | COUNter: The selected measurement must be active,
but not running.

LOGGer:TIMebase:SRATe <NextSampleRate>
Sets the number of samples per second.

Parameters:
<NextSampleRate> SA1|SA2 | SA5| SA10

*RST: SA1
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LOGGer:TIMebase:SCALe <NextHorizScale>
Selects the horizontal scale of the logged data.

Parameters:
<NextHorizScale> AUTO |S1|S2|S4|S5|S10|S20|S40| M1 |M2|M4|M5|
M10 | M20 | M40 | H1 |H2 | H4 | H5 | H10 | H20 | D1 | D2 | D4
S1|S2|S4|S5|S10| S20 | S40
Seconds per division
M1 | M2 | M4 | M5 ]| M10 | M20 | M40
Minutes per division
H1|H2 | H4 | H5| H10 | H20
Hours per division
D1| D2 | D4
Days per division
*RST: AUTO

LOGGer:SLOT:CURRent <SelectedSlot>

Selects one of the 10 memory slots to store the data during the logging. It is possible to
change the slot during recording. This command shows the slot number that is
selected in the menu.

Parameters:

<SelectedSlot> SLOT1 | SLOT2 | SLOT3 | SLOT4 | SLOT5 | SLOT6 | SLOT7 |
SLOT8 | SLOT9 | SLOT10
*RST: SLOT1

LOGGer:SLOT:SLOT<m>:NAME <Name>

Sets an optional slot name to describe the logged data.

Suffix:
<m> 1..10
Slot number
Parameters:
<Name> String parameter, name of the slot. The maximum length of the

name is 20 characters.

Firmware/Software: FW 1.60 and higher

LOGGer:SLOT:SLOT<m>:HASData?
Queries if the slot has data.

Suffix:
<m> 1..10
Slot number
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Return values:
<HasData> 110

1: data available
0: slot is empty

*RST: 0
Usage: Query only
Firmware/Software: FW 1.60 and higher

LOGGer:SLOT:SLOT<m>:STARt? <Year>, <Month>, <Day>, <Hour>, <Min>, <Sec>

Returns the start time of the logger record. If the slot is empty, the command returns an
error.

Suffix:
<m> 1..10
Slot number

Query parameters:

<Year>, <Month>, Date and time of the slot start
<Day>, <Hour>,

<Min>, <Sec>,

<ZSec>

Usage: Query only
Firmware/Software: FW 1.60 and higher

LOGGer:SLOT:LOAD

Loads the logger record of a slot, and activates the slot. The slot is defined using
LOGGer:SLOT :CURRent.

Usage: Event

LOGGer:SLOT:CLEar
Deletes the log data of a slot. The slot is defined using L.OGGer : SLOT: CURRent.
Only possible while logging is stopped.

Usage: Event

LOGGer:ACLR
Deletes the log data of all slots. Only possible while logging is stopped.

Usage: Event
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15.10.2 Scaling
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LOGGer:MEASurement<m>:VERTICAEAUTO......ccuuuieieeieeriiieeeeeeeiee e eeeeeeteeeeeeeeebeeeeeeeanas 416
LOGGer:MEASurement<m>:VERTICAI:UPPEI.........cccoiuiiiiii et 416
LOGGer:MEASurement<m>:VERTICAI:LOWET.........cceeuuieeiieeeeeee et 416
LOGGer:MEASurement<m>:VERTICal:DEViIatioN.........ccccuueeieeeiieieeeeeeeeeeee e 417
LOGGer:MEASurement<m>:VERTICAMEAN. ......ccceeiiiiiiiiiiieieeeeeeeeeeet e 417
LOGGer:AUToset

Sets all logger channels to automatic scaling.
Usage: Event

Firmware/Software: FW 1.60 and higher

LOGGer:MEASurement<m>:VERTical:AUTO [<State>]
Enables or disables the vertical auto scaling for the specified logger channel.

Using the command without parameter performs auto scaling once, without changing

the state.

Suffix:

<m> 1.4
Logger channel

Parameters:

<State> ON | OFF
*RST: ON

Example: LOGGer:MEASurementl:VERTical:AUTO O //sets manual scaling for chl
LOGGer:MEASurementl :VERTical :AUTO //autoscales logger channel 1

LOGGer:MEASurementl :VERTical :AUTO?
<--0 //state is unchanged (off)

Firmware/Software: FW 1.60 and higher

LOGGer:MEASurement<m>:VERTical:UPPer <Upper>, [<Lower>]
LOGGer:MEASurement<m>:VERTical:LOWer <Lower>, [<Upper>]

Set the upper and lower range limits for the specified logger channel. The values must
differ. You can set both values using only one of the commands (see examples). The
query returns the mandatory parameter.

The commands disable the vertical auto scaling.

Suffix:
<m> 1.4
Logger channel
Parameters:
<Lower> Lower range limit
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Setting parameters:

<Upper> Upper range limit
Example: Set the lower value to -1 and the upper value to +1 using both
commands:

LOGGer:MEASurementl :VERTical :LOWer -1
LOGGer:MEASurementl :VERTical:UPPer +1

Example: Set the lower value to -1 and the upper value to +1 using one
command:
LOGGer:MEASurementl:VERTical:LOWer -1, +1
//oxr

LOGGer :MEASurementl:VERTical:UPPer +1, -1

Firmware/Software: FW 1.60 and higher

LOGGer:MEASurement<m>:VERTical:DEViation <Deviation>

Sets the distance between the lower range and the mean value and between the upper
range and the mean value.

The command disables the vertical auto scaling.

See also: LOGGer:MEASurement<m>:VERTical :MEAN.

Suffix:
<m> 1.4
Logger channel
Parameters:
<Deviation> Absolute difference between mean value and upper/lower range
Range: 1E-15 to 100E+24
Increment: 1
*RST: 0.707

Firmware/Software: FW 1.60 and higher

LOGGer:MEASurement<m>:VERTical:MEAN <Mean>, [<Deviation>]

Sets the mean value of the scaling range. In additiion, you can set the deviation. The
query returns the mean value.

The command disables the vertical auto scaling.

Use this command if you want to define the range based on the mean value and the
standard deviation, see 1.0GGer : MEASurement<m>:RESult:MEAN? and LOGGer :
MEASurement<m>:RESult:STDDev? on page 423.

Suffix:
<m> 1.4
Logger channel
Parameters:
<Mean> Middle value between the upper and lower scaling value.
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Setting parameters:

<Deviation> Absolute difference between mean value and upper/lower scal-
ing value
Example: LOGGer :MEASurementl:VERTical:MEAN 10, 1

Sets the mean value to 10, and the deviation to 1. Thus, the
upper range is 10 + 1 = 11, and the lower range is 10- 1 =9.

Firmware/Software: FW 1.60 and higher

15.10.3 Cursor in Logger Mode

15.10.3.1 Cursor Settings

LOGGEICUR SO :STATE] et eeteetiieeeeeeettiae e e et ettaeeeeeeeetaeeeeeeestaeeesentasaeeeerentaeaesersnnnnnns 418
LOGGENCURSONETYPE. ...t iiiiiieiee st e e e e ettt ee s e e e ettt s e e e e e eaaae s e eeeeeta e e eeenaesaseeeeeesnnaaaaan 418
LOGGErCURSONSCPLING. ¢ettttttttaaeae e e e e e e e e e e e e e e e et et eeeeaeeentaae e aaae e e e e e eeeaaaaaaeaeeeeeannnees 418
LOGGErCURSOINCOUPHNG.c.ceeeeeeeetetnnnnnunaaaaaaeaeeeeeeeaaaeaeeeaeeeeeaeeeeensnsnnnnnnnnaaaaaaeeeeeeaaaaaees 419
LOGGENCURSOINSCREEN. ....cciiieteiieiteeetaaeeeeiasseteareeeeeeeaaaeeessassnssssreereaeaaaeessaaannnsennnees 419

LOGGer:CURSor[:STATe] <Enabled>
Enables or disables the logger cursor measurement.

Parameters:
<Enabled> ON | OFF

*RST: OFF

LOGGer:CURSor:TYPE <Value>

If data logging is running for more than 2 days and 7 hours, the logger compresses 4
logging values into a minimum, average and maximum value. The command defines
which of these values are measured at the cursor position.

For logging periods shorter than 2 days and 7 hours, the command is not relevant.

Parameters:
<Value> MINimum | AVERage | MAXimum

*RST: AVERage

LOGGer:CURSor:SCPLing <TrackScaling>

If ON, the position of the cursor lines is adjusted when the horizontal scale is changed.
If OFF, the cursor lines remain on their position on the display when the scaling is
changed.



15.10.3.2

Data Logging

Parameters:
<TrackScaling> ON | OFF

*RST: OFF

LOGGer:CURSor:COUPIling <Coupling>

Couples the cursor lines so that the distance between the two lines remains the same
when one cursor is moved.

Parameters:
<Coupling> ON | OFF

*RST: OFF
LOGGer:CURSor:SCReen

Sets the cursors to a default position on the screen.

Usage: Event

Cursor Results

LOGGer:CURSor<m>:RESUlt<N>[:AMPLItUAE]?...c.neeieee et 419
LOGGErNCURSONRESURKNSIDELTA ..ttt e e eaen 419
LOGGEr:CURSOI<M>:POSIION. ......cceeeeieieieeeeeieeereriitit e eseeaeeeseeeeeaeaaaaaeeseseeeeesesesersnsaranas 420
LOGGErCURSONTDELIA?.c.vuvuuttruiitieieieieieeeeeeeeeieeeeeeeeeeesessstsssssnneseseeseeaeassessesereeeeenns 420

LOGGer:CURSor<m>:RESult<n>[:AMPLitude]?

Returns the measured value at the specified cursor line (y1 and y2 on the result dis-
play).

Suffix:
<m> 1.2

Specifies the cursor line.
<n> 1.4

Specifies the measurement. You can log the results of up to four
active measurements.

Return values:
<Yvalue> Measurement value

Usage: Query only

LOGGer:CURSor:RESult<n>:DELTa?

Returns the difference of the measured values at cursor line 1 and cursor line 2 (Ay on
the result display).
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Suffix:

<n> 1.4
Specifies the measurement. You can log the results of up to four
active measurements.

Return values:
<ResultDelta> Absolute value of the result difference.

Usage: Query only

LOGGer:CURSor<m>:POSition

Returns or sets the timestamp (absolute time) of the specified cursor line (t1 and t2 on
the result display).

Suffix:

<m> 1.2
Specifies the cursor line.

Parameters:

<Time> List of values:
<Year>,<Month>, <Day>, <Hour>, <Minute>, <Second>,
<TenthsOfSecond>
Year, month, day, hour, minute, second, tenth of a second, for
example 2015,10,29,16,10,22,2

LOGGer:CURSor:TDELta?

Returns the time difference of the cursor lines (11 and t2 on the result display).

Return values:
<DeltaTime> List of values:
<Day>;<Hour>;<Minute>;<Second>;<TenthsOfSecond>

Days, hours, minutes, seconds, tenth of a second, for example
1,9,10,22,5

Usage: Query only

Zoom in Logger mode

LOGGENRZOOMENABIE. ...cuuieite ettt i e ettt et e e e tae e e st e e eea s s eaa e e st e sraaaseesaneseaaeerenns 420
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(MO CTCT= A @@ ]V = © 1511 o o T 421

LOGGer:ZOOM:ENABIe <Zoom Enabled>
Enables or disables the logger zoom.

Parameters:
<Zoom Enabled> ON | OFF

*RST: OFF
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LOGGer:ZOOM:SCALe <Zoom Scale>
Sets the time scale of the zoomed waveform.

Parameters:
<Zoom Scale> AUTO | S1|S2|S4|S5|S10|S20|S40 | M1 | M2 | M4 | M5 |
M10 | M20 | M40 | H1 | H2 | H4 | H5 | H10 | H20 | D1 | D2 | D4

LOGGer:ZOOM:POSition <Time>

Sets or returns the position of the left edge of the zoomed area in relation to the left
side of the display.

Return values:

<Time> List of values:
<Year>,<Month>, <Day>, <Hour>,<Minute>, <Second>,
<TenthsOfSecond>
Year, month, day, hour, minute, second, tenth of a second, for
example 2016,10,29,16,10,22,2

Example: After 5 hours of logging, you want to see the first sample in the
zoom. Therefore, you enter the start time as zoom position. If
you scale the zoom, the start position remains.

Logger Statistics

The suffix <m> specifies the measurement that is logged.

LOGGErRECOrAING:STARL . . ettt e et e e e e e ettt ettt ettt a e e e e e e e e e e e e e eaaaaaaeeeeeeenaneenees 421
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LOGGer:MEASurement<m>:RESUlt:MAXIMUM:IVALUE?........uceieeieiiiiieieeeeeetieeeeeeeeeteeeeeeens 422
LOGGer:MEASurement<m>:RESult:MINImum:POSItioN?........cccoeuiiiiiieeeiii e 423
LOGGer:MEASurement<m>:RESUlt:MINIiMUM:VALUE?.........uoeimieeeieeeeeee e 423
LOGGer:MEASurement<m>:RESUIIMEAN?.......oomn e 423
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LOGGer:RECording:STARt?
Returns the absolute start time of the current logging session.

Return values:
<StartTime> Year, month, day, hour, minute, second, tenth of a second, for
example 2015,10,29,16,10,22,2

Usage: Query only
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LOGGer:RECording:TOTal?
Returns the total duration of the current logging session.

Return values:

<Time> List of values:
<Days>,<Hours>,<Minutes>, <Seconds>,
<TenthsOfSecond>
Forexample: 1,1,42,32,2

Usage: Query only

LOGGer:MEASurement<m>:RESult: CURRentsampl?
Returns the actual logging value of the selected measurement.

Suffix:
<m> 1.4

Return values:

<CurrentSample> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Usage: Query only

LOGGer:MEASurement<m>:RESult:MAXimum:POSition?
Returns the time stamp of the maximum logging value of the selected measurement.

Suffix:
<m> 1.4

Return values:
<TimeOfMax>

Usage: Query only

LOGGer:MEASurement<m>:RESult:MAXimum:VALue?
Returns the maximum logging value of the selected measurement.

Suffix:
<m> 1.4

Return values:

<Maximum> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Usage: Query only
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LOGGer:MEASurement<m>:RESult:MINimum:POSition?
Returns the time stamp of the minimum logging value of the selected measurement.

Suffix:
<m> 1.4

Return values:
<TimeOfMin>

Usage: Query only

LOGGer:MEASurement<m>:RESult:MINimum:VALue?
Returns the minimum logging value of the selected measurement.

Suffix:
<m> 1.4

Return values:

<Minimum> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Usage: Query only

LOGGer:MEASurement<m>:RESult:MEAN?
Returns the mean logging value of the selected measurement.

Suffix:
<m> 1.4

Return values:

<Average> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Usage: Query only

LOGGer:MEASurement<m>:RESult:STDDev?
Returns the standard deviation value of the selected measurement.

Suffix:
<m> 1.4

Return values:

<StdDeviation> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Usage: Query only
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LOGGer:MEASurement<m>:ENABled?
Returns the measurement state of scope and meter measurements.

Suffix:
<m> 1.4

Return values:

<Enabled> ON | OFF
*RST: OFF
Usage: Query only

LOGGer:MEASurement<m>:TYPE?
Returns the measurement type of the selected measurement.

Suffix:
<m> 1.4

Return values:
<Type> See MEASurement<m>:TYPE on page 336.

Usage: Query only

LOGGer:MEASurement<m>:SOURce?
Returns the source channel of the selected measurement.

Suffix:
<m> 1.4

Return values:

<Source> C1|C2|C3|C4|M1|R1|XY|DO|D1|D2|D3|D4|D5|
D6 | D7

<Source2> C1|C2|C3|C4|M1|R1|XY|DO|D1|D2|D3|D4|D5|
D6 | D7

Example: LOGGer:MEASurement4:SOURce?
<-- C2,C1

Measurement 4 is a delay measurement on source 1 = C2 and
source 2 = C1

Usage: Query only

Logger Records

You can export the data of an active slot to a file, in CSV or MAT format. See also:
Chapter 8.6, "Export of Logger Records", on page 166.

[0 CTC T SIS O 1 10N O3 1)Y= Y 2 425
LOGGErSLOT:EXPOMINAME. .....uuiiiitiieee e e et ee et e e et e e s et eeeaa e s sea e e ssbsesaassesannerenn 425
LOGGErSLOT:EXPOIMSAVE. ... ittt e e s et e e e e b e s s e e e ransean e saases 425
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LOGGer:SLOT:ACTive?

Returns the active, loaded slot. In stop mode, the loaded (active) slot and selected
(current) slot can differ. In run mode, the slots are the same, and this command shows
the same as 1.OGGer : SLOT : CURRent.

Return values:

<LoadedSlot> SLOT1 | SLOT2 | SLOT3 | SLOT4 | SLOT5 | SLOT6 | SLOT7 |
SLOT8 | SLOT9 | SLOT10
*RST: SLOT1

Usage: Query only

LOGGer:SLOT:EXPort:NAME <Name>
Sets the file name, file format and path to save the logger record.

Parameters:
<Name> String with path and file name with extension .csv or .mat.

LOGGer:SLOT:EXPort:SAVE

Saves the logger record of the active slot to the file specified with L.OGGer : STLOT:
EXPort :NAME. The active slot is queried with L.OGGer : SLOT: ACTive?.

Example: RUN
LOGGer:SLOT:CURRent SLOT2
STOP
LOGGer:SLOT:ACTive?
<-- SLOT2
LOGGer:SLOT:EXPort:NAME '/media/USB1/SLOT2.MAT"
LOGGer:SLOT:EXPort:SAVE

Usage: Event

15.11 Protocol Analysis
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General Protocol Settings

LS TR I = 426
BUSESTATE] c vttt eeeeeeeete e et e eeee et e e e et eeeeeesesreeeseeeeeeseeeeseseseeeereseeareeeeeeenesreeeneseesreeeneneens 426
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BUS:TYPE <Protocol>

Defines protocol type of the bus for configuration and trigger settings.

Parameters:
<Protocol> 12C | SPI | UART | CAN | LIN | SENT

*RST: 12C

BUS[:STATe] <State>
Enables the decoding and the display of the serial bus data.

Parameters:
<State> ON | OFF

*RST: OFF

BUS:FORMat <NumberFormat>
Sets the decoding format of the data.

Parameters:
<NumberFormat> BIN | OCT | DEC | HEX | ASCii

*RST: HEX

I12C (Option R&S RTH-K1)

o [12C Configuration SettiNgS......ccccuuuiiiiiieeeii i e e e e srneees 426
L I 4 O Iy oo 1Y SR 428
0 12C DeCode RESUIS.....cceiiiieee ettt e e e e 430

12C Configuration Settings

BUS:I2C:SCLISOURGCE. . .. eiieetttieeeee ettt e eeeeeettaaeeeeeeetb e eeeeesstaaeeesestanaeeeerssranaaeserrnnnnnns 427
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BUS:I12C:SCL:SOURce <Channel>
BUS:I2C:SDA:SOURce <Channel>

Set the input channels of the 12C lines.

Parameters:

<Channel> C1|C2|C3|C4|D0|D1|D2|D3|D4|D5|D6|D7
C3 and C4: only R&S RTH1004
Digital channels are available if option R&S RTH-B1 is installed.
*RST: C1

BUS:I2C:TECHnology <ThresholdType>

Sets the threshold values of all 12C lines as defined for various signal technologies.
Parameters:

<ThresholdType> TTL | ECL | CMOS | USER

TTL
1.4V

ECL
-1.3V

CMOS
25V

USER
Set a user-defined value for each line using the
BUS:I2C:<line>:THReshold commands.

*RST: TTL
Usage: SCPI confirmed

BUS:12C:SCL:THReshold <ThresholdValue>
BUS:12C:SDA:THReshold <ThresholdValue>

Set a user-defined threshold value for the corresponding line if BUS: T2C:
TECHnology is set to USER.

Parameters:

<ThresholdValue> Range: -400 to 400
Increment: 1E-3
*RST: 1.4

Default unit: V
BUS:SETReflevels

Sets the appropriate threshold or threshold for the selected serial protocol.

Usage: Event
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12C Trigger
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TRIGger:12C:MODE <TriggerType>
Selects the trigger type for 12C analysis.

Parameters:
<TriggerType> STARt | RESTart | STOP | NACK | ADDRess | DATA | ADAT

NACK = Missing acknowledge bit
ADAT = combination of address and data condition
For details, see "I2C Trigger" on page 183.

*RST: STARt

TRIGger:12C:ADNack <TrigOnNoAckForAddress>
Set ON to trigger if no slave recognizes the address.
The command takes effect if TRIGger: T2C: MODE is NACK.

Parameters:
<TrigOnNoAckForAdd@bspOFF

*RST: ON

TRIGger:12C:DRNack <NoAckDataRead>

Set ON to trigger if the end of the read process is marked when the master reads data
from the slave. This Nack is sent according to the protocol definition, it is not an error.

The command takes effect if TRIGger: I2C:MODE is NACK.

Parameters:
<NoAckDataRead> ON | OFF

*RST: ON

TRIGger:12C:DWNack <NoAckDataWrite>

Set ON to trigger if he addressed slave does not accept the written data, and the write
data acknowledge bit is missing.
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The command takes effect if TRIGger: T2C: MODE is NACK.

Parameters:
<NoAckDataWrite> ON | OFF

*RST: ON

TRIGger:12C:ACCess <ReadWriteBit>

Toggles the trigger condition between read and write access of the master. Select
"Either" if the transfer direction is not relevant for the trigger condition.

The command takes effect if TRIGger: T2C:MODE is ADDRess Or ADAT.

Parameters:
<ReadWriteBit> READ | WRITe | EITHer

*RST: ElTHer

TRIGger:12C:ACONdition <Relation>

Defines how the specified serial address pattern is compared with the acquired signal.
The instrument triggers if the acquired address is equal or unequal to the pattern.

Parameters:
<Relation> EQUal | NEQual

*RST: EQUal

TRIGger:12C:ADDRess <Pattern>

Specifies the address pattern to be found, in binary format. Enter the pattern in MSB

first bit order.

Parameters:

<Pattern> String with max. 7 or 10 characters, depending on the address
length. Characters 0, 1, and X are allowed. If you define a pat-
tern shorter than the address length, the missing LSB are filled
with X.

Example: TRIG:I2C:ADDR "10110"

Sets the 7 bit address pattern 10110XX.

TRIGger:12C:DATA <Pattern>
Defines the data pattern as trigger condition. Enter the words in MSB first bit order.

Parameters:

<Pattern> String with max. 4 bytes in binary format. Characters 0, 1, and X
are allowed. If you define a pattern with incomplete byte, the
missing LSB are filled with X.
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Example: TRIGger:I2C:DATA '11111111000000001111"
TRIGger:I2C:DATA?
<-- 11111111000000001111XXXX

TRIGger:12C:DCONdition <Relation>

Defines how the specified data pattern is compared with the acquired signal. The
instrument triggers if the acquired data is equal or unequal to the pattern.

Parameters:
<Relation> EQUal | NEQual

*RST: EQuUal

TRIGger:12C:DPOSition <ByteOffset>

Sets the number of bytes before the first byte of the data pattern. These bytes are

ignored.

Parameters:

<ByteOffset> Range: 0 to 4095
Increment: 1
*RST: 0

15.11.2.3 12C Decode Results

The frame suffix <m> selects the frame index for which the result is queried.

The byte suffix <n> selects the byte index for which the result is queried.
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BUS:I2C:FCOunt?
Returns the number of decoded frames.

Return values:

<Count> Total number of decoded frames.
Range: 0 to 100000
Increment: 1
*RST: 0

Usage: Query only

BUS:12C:FRAMe<m>:AACCess?
Returns the address acknowledge bit value for the indicated frame.

Suffix:
<m> *

Return values:
<AddressAckBit> INComplete | ACK | NACK | EITHer

*RST: INComplete
Usage: Query only

BUS:I12C:FRAMe<m>:ACCess?
Returns the value of the R/W bit of the indicated frame.

Suffix:
<m> *

Return values:

<RWBIt> READ | WRITe | EITHer | UNDefined
*RST: UNDefined
Usage: Query only

BUS:12C:FRAMe<m>:ACOMplete?
Returns if the address is completely contained in the acquisition.

Suffix:
<m> *

Return values:
<AddressComplete> 1|0

*RST: OFF
Usage: Query only
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BUS:I12C:FRAMe<m>:ADBStart?
Returns the start time of the address acknowledge bit.

Suffix:
<m> *

Return values:

<AddressAckBitStart>Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:I12C:FRAMe<m>:ADDRess?
Returns the address value of the indicated frame including the R/W bit.

Suffix:
<m> *

Return values:

<Address> Range: 0 to 2047
Increment: 1
*RST: 0

Usage: Query only

BUS:12C:FRAMe<m>:ADEVice?
Returns the pure device address of the indicated frame without the R/W bit.

Suffix:
<m> *

Return values:
<DeviceAddress> Range: 0 to 1023

Increment: 1
*RST: 0
Usage: Query only

BUS:I12C:FRAMe<m>:AMODe?
Returns the address length.

Suffix:
<m> *

Return values:
<AddressType> BIT7 | BIT10 | ANY

*RST: BIT7



Protocol Analysis
Usage: Query only

BUS:I12C:FRAMe<m>:ASTart?
Returns the start time of the address for the indicated frame.

Suffix:
<m> *

Return values:

<AddressStartTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:12C:FRAMe<m>:BCOunt?
Returns the number of bytes in the specified frame.

Suffix:
<m> *

Return values:
<Count> Byte count

Usage: Query only

BUS:I2C:FRAMe<m>:BYTE<n>:ACCess?

Returns the acknowledge bit value of the specified data byte.

Suffix:
<m> *
<n> *

Return values:

<AckBit> INComplete | ACK | NACK | EITHer
*RST: INComplete
Usage: Query only

BUS:I2C:FRAMe<m>:BYTE<n>:ACKStart?

Returns the start time of the acknowledge bit of the specified byte.

Suffix:
<m> *
<n> *
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Return values:

<AckBitStartTime>  Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:12C:FRAMe<m>:BYTE<n>:COMPlete?

Returns if the indicated byte is completely contained in the acquisition.

Suffix:
<m> *
<n> *

Return values:

<IsComplete> 110
*RST: OFF
Usage: Query only

BUS:I12C:FRAMe<m>:BYTE<n>:STARt?

Returns the start time of the specified data byte.

Suffix:
<m> *
<n> *

Return values:

<StartTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:I12C:FRAMe<m>:BYTE<n>:VALue?

Returns the data value of the specified byte.

Suffix:
<m> *
<n> *

Return values:

<Value> Range: 0 to 255
Increment: 1
*RST: 0
Usage: Query only
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BUS:I2C:FRAMe<m>:DATA?

Returns the data words of the specified frame.

Suffix:

<m> *

Parameters:

<Data> Comma-separated list of values.
Usage: Query only

BUS:12C:FRAMe<m>:RWBStart?
Returns the start time of the R/W bit.

Suffix:
<m> *

Return values:

<RWBItStartTime>  Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:I2C:FRAMe<m>:STARt?
Returns the start time of the specified frame.

Suffix:
<m>

Return values:

<StartTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:I12C:FRAMe<m>:STATus?
Returns the overall state of the frame.

Suffix:
<m> *

Return values:
<Status> OK | VOID | ADNack | WRNack | SPERror | STERror |
INSufficient

OK
The frame is valid.
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VOID
The frame is empty.

ADNack
Missing acknowledge bit after address - no slave recognizes the
address.

WRNack
Missing acknowledge bit after written data - the addressed slave
does not accept the written data.

SPERror
Stop error, no stop condition found.

STERror
Start error, no start condition found.

INSufficient
The frame is not completely contained in the acquisition. The
acquired part of the frame is valid.

*RST: OK
Usage: Query only

BUS:I2C:FRAMe<m>:STOP?
Returns the end time of the specified frame.

Suffix:
<m> *

Return values:

<StopTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

SPI (Option R&S RTH-K1)

SPI Configuration Settings

BUS:SPISCLK:SOURGE.......ceeveeererriruritiniiaaieieieseeeaeasaeeseeeeereeeesrsterssr————— e eaeeaaaaaeeses 437
BUS:SPISSEL:SOURCE. ....cutueieeiiitiiiieeeeeettt et e e e ettt aeseeesestaaaeeesssstaseaeserssnaeeaesestanaaaaeens 437
BUS:SPIMOSISOURCE. .. .cciuuiiiteeeeteee et et eee et e et e e e eae e e et e e e eat e e eenaeeetaaeesnnaesennaeeen 437
BUS:SPIIMISO:SOURCE. .. cuitiiieeieeee ettt ettt et e e e et e e e e e ra e st ensensneensnenanns 437
BUS S P S C LK S L OP . ..ce ittt ettt e e e e e e e e eaaas 437
SN o B ST =t I @ ]I T 2 437
BUS :SPLTECHNOIOGY ... ttttttieieieeeeeeeieieieeeeeeeeeserretar e aeseeeeeeeasaaasssesereseeessssrsrrsrarasnnnnns 437
BUS:SPISCLK: THRESNOIA. 1.1uuvututieieeeieieeeeeeeeeeeieeeeeeeeeeevssssbabas e aeseseseeseeasassssseseseesessenns 438
BUS:SPISSEL: THRESNOIA. ... .cceiiiieieeiieeiiieeeeeettee e eee ettt e e e e e eeebee e e e s eetaaeeeeseesanseeeeessnns 438



Protocol Analysis
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BUS:SPI:SCLK:SOURce <Channel>
BUS:SPI:SSEL:SOURce <Channel>
BUS:SPI:MOSI:SOURce <Channel>
BUS:SPI:MISO:SOURce <Channel>

Set the input channels of the SPI lines.
Parameters:
<Channel> C1|C2|C3|C4|DO|D1|D2|D3|D4|D5|D6|D7| NONE

C3 and C4: only R&S RTH1004
Dx: Digital channels are available if option R&S RTH-B1 is

installed.
NONE: not available for clock line SCLK.
*RST: C1

BUS:SPI:SCLK:SLOPe <ClockEdge>

Selects if data are sampled on the rising or falling slope of the clock. The clock slope
marks the begin of a new bit.

Parameters:
<ClockEdge> POSitive | NEGative

*RST: POSitive

BUS:SPI:SSEL:POLarity <ChipSelectPolarity>
Selects whether the chip select signal is high active (high = 1) or low active (low = 1).

Parameters:
<ChipSelectPolarity> ACTLow | ACTHigh

*RST: ACTHigh

BUS:SPI: TECHnology <ThresholdType>

Sets the threshold values of all SPI lines as defined for various signal technologies.

Parameters:
<ThresholdType> TTL | ECL | CMOS | USER
TTL
14V
ECL
-1.3V
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CMOS
25V

USER
Set a user-defined value for each line using the
BUS:SPI:<line>:THReshold commands.

*RST: TTL
Usage: SCPI confirmed

BUS:SPI:SCLK:THReshold <ThresholdValue>
BUS:SPI:SSEL:THReshold <ThresholdValue>
BUS:SPI:MOSI:THReshold <ThresholdValue>
BUS:SPI:MISO:THReshold <ThresholdValue>

Set a user-defined value for the corresponding line if BUS: SPT : TECHnology is set to

USER.

Parameters:

<ThresholdValue> Range: -400 to 400
Increment: 1E-3
*RST: 1.4

Default unit: V

BUS:SETReflevels
Sets the appropriate threshold or threshold for the selected serial protocol.

Usage: Event

BUS:SPI:WSIZe <WordLength>

Sets the number of bits in a word.

Parameters:

<WordLength> WL4BIt | WL8BIt | WL12bit | WL16bit | WL20bit | WL24bit |
WL28bit | WL32bit
*RST: WL8BIt

BUS:SPI:ORDer <BitOrder>

Defines if the data of the words starts with MSB (most significant bit) or LSB (least sig-
nificant bit). Results are displayed in the specified order.

Parameters:
<BitOrder> LSBF | MSBF

*RST: MSBF
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BUS:SPI:TIMeout <FrameTimeout>

Sets the minimum idle time between two data frames. If the time interval between the
data frames is shorter, the words are part of the same frame. Within the timeout, the
data and clock lines are low. A new frame begins when the timeout has expired.

Timeout is only relevant if the bus has no chip select.

Parameters:

<FrameTimeout> Range: 500E-9 to 1000
Increment: 1E-3
*RST: 1E-3
Default unit: s

15.11.3.2 SPI Trigger
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TRIGger:SPI:MODE <TriggerType>
Selects the trigger type for SPI analysis.

Parameters:
<TriggerType> FRST | FREN | DATA

FRST = frame start

FREN = frame end

DATA = data.

For details, see "SPI Trigger" on page 193.

*RST: FRST

BUS:SPI:SSEL:STATe <UseChipSelect>
Defines if the SPI bus uses a chip select line or not.

Parameters:
<UseChipSelect> ON | OFF

*RST: ON

TRIGger:SPI:DSRC <DataSource>
Selects the line, on which the trigger pattern is expected.

Parameters:
<DataSource> MISO | MOSI

*RST: MISO
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TRIGger:SPI:DATA <Pattern>

Specifies the data pattern to be found on the specified line, in binary format. Enter the
words in MSB first bit order.

Parameters:

<Pattern> String with max. 32 bit in binary format. Characters 0, 1, and X
are allowed.

Example: TRIGger:SPI:DATA '111000'
TRIGger:SPI:DATA?
<--111000

Specifies a 6 bit pattern. Higher bits are omitted.

TRIGger:SPI:DCONdition <Relation>

Defines how the specified data pattern is compared with the acquired signal. The
instrument triggers if the acquired data is equal or unequal to the pattern.

Parameters:
<Relation> EQUal | NEQual

*RST: EQUal

TRIGger:SPI:DPOSition <BitOffset>

Sets the number of bits before the first bit of the pattern. These bits are ignored. The
first bit after CS or timeout is bit 0.

Parameters:

<BitOffset> Range: 0 to 4095
Increment: 1
*RST: 0

15.11.3.3 SPI Decode Results

The frame suffix <m> selects the frame index for which the result is queried.

The byte suffix <n> selects the byte index for which the result is queried.
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BUS:SPI:FCOunt?
Returns the number of decoded frames.

Return values:

<Count> Total number of decoded frames.
Range: 0 to 100000
Increment: 1
*RST: 0

Usage: Query only

BUS:SPI:FRAMe<m>:DATA?

Returns the data words of the specified frame.

Suffix:
<m> *
Selects the frame.
Parameters:
<Data> List of decimal values of data bytes
Example: BUS:SPI:FRAM3:DATA?
<--94,177,171,60,242,219,100,0
Usage: Query only

BUS:SPI:FRAMe<m>:STATus?
Returns the overall status of the specified frame.

Suffix:
<m> *
Selects the frame.

Return values:
<State> OK | VOID | FRERror | INSufficient

VOID: The frame is empty.

FRERror: error in the frame.

INSufficient: frame is not completely contained in the acqui-
sition. The acquired part of the frame is valid.

*RST: OK
Usage: Query only

BUS:SPI:FRAMe<m>:STARt?
Returns the start time of the specified frame.

Suffix:
<m> *
Selects the frame.
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Return values:

<StartTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:SPI:FRAMe<m>:STOP?
Returns the end time of the specified frame.

Suffix:
<m> *
Selects the frame.

Return values:

<StopTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:SPI:FRAMe<m>:WCOunt?
Returns the number of words in the specified frame.

Suffix:
<m> *
Selects the frame.

Return values:
<Count> Number of words

Usage: Query only

BUS:SPI:FRAMe<m>:WORD<n>:MISO?

Returns the data value of the specified word on the MISO line.

Suffix:
<m> *

Selects the frame.
<n> *

Selects the word number.

Return values:

<MISOValue> Decimal value of the data word
Range: 0 to 4294967295
Increment: 1
*RST: 0
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Usage: Query only

BUS:SPI:FRAMe<m>:WORD<n>:MOSI?

Returns the data value of the specified word on the MOSI line.

Suffix:
<m> *

Selects the frame.
<n> *

Selects the word number.

Return values:
<MOSIValue> Decimal value of the data word

Range: 0 to 4294967295
Increment: 1
*RST: 0

Usage: Query only

BUS:SPI:FRAMe<m>:WORD<n>:STARt?

Returns the start time of the specified data word.

Suffix:
<m> *

Selects the frame.
<n> *

Selects the word number.

Return values:

<StartTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:SPI:FRAMe<m>:WORD<n>:STOP?

Returns the end time of the specified data word.

Suffix:
<m> *

Selects the frame.
<n> *

Selects the word number.
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Return values:

<StopTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

UART/RS-232/RS-422/RS-485 (Option R&S RTH-K2)
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UART Configuration
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BUS:UART:SOURce <Channel>

Selects the input channel of the UART line.

Parameters:

<Channel> C1|C2|C3|C4|D0O|D1|D2|D3|D4|D5|D6|D7

C3 and C4: only R&S RTH1004
Digital channels are available if option R&S RTH-B1 is installed.

*RST: C1

BUS:UART:POLarity <Polarity>

Defines the logic states of the line. In idle high state, the idle state corresponds to a
logic 1, and the start bit to a logic 0. In idle low state, the idle state corresponds to a
logic 0, and the start bit to a logic 1. During idle time, no data is transmitted.

Parameters:
<Polarity> IDLLow | IDLHigh

*RST: IDLHigh
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BUS:UART:TECHnology <ThresholdType>

Sets the threshold value of the UART line as defined for various signal technologies.
Parameters:

<ThresholdType> TTL | ECL | CMOS | USER

TTL
1.4V

ECL
-1.3V

CMOS
25V

USER
Set a user-defined value using BUS : UART : THResho1d.

*RST: TTL

BUS:UART:THReshold <ThresholdValue>

Sets an individual threshold value for digitization of signals if BUS : UART : TECHnology
is set to USER.

Parameters:

<ThresholdValue> Range: -400 to 400
Increment: 1E-3
*RST: 1.4

Default unit: V

BUS:SETReflevels
Sets the appropriate threshold or threshold for the selected serial protocol.

Usage: Event

BUS:UART:STDBitrate <Bitrate>
Sets the number of transmitted bits per second.

Parameters:

<Bitrate> BPS 300 | BPS_600 | BPS_1200 | BPS_2400 | BPS_4800 |
BPS 9600 | BPS_14400 | BPS 19200 | BPS_28800 |
BPS 38400 | BPS_56000 | BPS 57600 | BPS_115200 |
BPS_128000 | BPS_230400 | BPS_460800 | BPS_921600 |
CUSTom

Values in bits per second.
CUSTom: Set the bit rate using BUS : UART: BITRate.

*RST: BPS_14400
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BUS:UART:BITRate <CustomBitrate>
Sets a user-defined bit rate if BUS: UART : STDRitrate is setto CUSTom.

Parameters:

<CustomBitrate> Range: 300 to 20000000
Increment: 1
*RST: 14400
Default unit: bps

BUS:UART:SSIZe <DataBits>
Sets the number of data bits in a word (symbol).

Parameters:
<DataBits> B5|B6|B7|B8|B9

*RST: B8

BUS:UART:PARity <Parity>

Defines the optional parity bit that is used for error detection.

Parameters:
<Parity> NONE | ODD | EVEN
NONE
No parity bit is used.
OoDD
The parity bit is set to "1" if the number of data bits set to "1" is
even.
EVEN
The parity bit is set to "1" if the number of data bits set to "1" is
odd.
*RST: NONE

BUS:UART:SBIT <StopBits>
Sets the number of stop bits: 1 or 1.5 or 2 stop bits are possible.

Parameters:
<StopBits> B1|B15| B2

*RST: B1

BUS:UART:ORDer <BitOrder>

Defines if a word starts with MSB (most significant bit) or LSB (least significant bit).
The display of the decoded signal considers this setting, results are displayed in the
specified order.
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Parameters:
<BitOrder> LSBF | MSBF

*RST: MSBF

BUS:UART:FRAMemode <FrameMode>

IDLE defines frames of several words in the data stream, which are defined by a time-
out between a stop bit and the next start bit. Enter the minimum timeout between two
frames using BUS : UART : TOUT.

Parameters:
<FrameMode> NONE | IDLE

*RST: NONE

BUS:UART:TOUT <IdleTime>

Sets the minimum timeout between two frames if BUS : UART : FRAMemode is set to

IDLE.

Parameters:

<ldleTime> Range: 100E-9 to 1
Increment: 1E-3
*RST: 1E-3

Default unit: s

15.11.4.2 UART Trigger
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TRIGger:UART:TYPE <TriggerType>
Selects the trigger type for UART analysis.

Parameters:
<TriggerType> STBT | PCKS | DATA | PRER | STPerror | BRKC
STBT = start bit
PCKS = frame start
PRER = parity error
STPerror = stop error
BRKC = break condition
DATA:: data. To set up the trigger condition, use TRIGger :
UART : DATA, and TRIGger : UART : DCONdi tion.
For details, see "UART Trigger" on page 200.

*RST: STBT
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TRIGger:UART:DATA <Pattern>

Defines the data pattern as trigger condition. Enter the words in MSB first bit order.

Parameters:

<Pattern> String with max. 8 bit in binary format. Characters 0, 1, and X
are allowed.

Example: TRIGger:UART:DATA '1x11'
TRIGger:UART:DATA?
1X11

TRIGger:UART:DCONdition <Relation>

Defines how the specified data pattern is compared with the acquired signal. The
instrument triggers if the acquired data is equal or unequal to the pattern.

Parameters:
<Relation> EQUal | NEQual

*RST: EQuUal

15.11.4.3 UART Decode Results

The frame suffix <m> selects the frame index for which the result is queried.

The byte suffix <n> selects the byte index for which the result is queried.
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BUS:UART:-WORDSMZIVALUB?. ...t et et e e e e e e e eeaans 450

BUS:UART:WCOunt?
Returns the number of decoded symbols (words).

Return values:
<Count> Total number of decoded words.

Range: 0 to 100000
Increment: 1
*RST: 0

Usage: Query only

BUS:UART:WORD<m>:STATe?

Returns the status of the specified symbol (word).
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Suffix:
<m>

*

Selects the word.

Return values:

<State> OK | BREak | STERror | SPERror | PRERror | INSufficient
OK: the frame is valid.
BREak: break condition found. A start bit is not followed by a
stop bit, and the data line remains at logic O for longer than a
UART word.
STERror: start error, no start bit found.
SPERror: stop error, no stop condition found.
PRERror: parity error, which indicates a transmission error.
INSufficient: the frame is not completely contained in the
acquisition. The acquired part of the frame is valid.

*RST: OK
Usage: Query only

BUS:UART:WORD<m>:STARt?
Returns the start time of the specified symbol (word).

Suffix:
<m> *
Selects the word.

Return values:

<StartTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:UART:WORD<m>:STOP?
Returns the end time of the specified symbol (word).

Suffix:
<m> *
Selects the word.

Return values:

<StopTime> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only
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BUS:UART:WORD<m>:VALue?
Return the value of the specified symbol (word).

Suffix:
<m> *
Selects the word.

Return values:
<Value> Decimal value

Range: 0 to 255
Increment: 1
*RST: 0

Usage: Query only
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BUS:CAN:DATA:SOURce <Channel>
Sets the input channel of the CAN line.

Parameters:

<Channel> C1|C2|C3|C4|D0|D1|D2|D3|D4|D5|D6|D7
C3 and C4: only R&S RTH1004
Digital channels are available if option R&S RTH-B1 is installed.
*RST: C1

Usage: Asynchronous command
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BUS:CAN:TYPE <SignalType>
Selects whether the chip select signal is high active (high = 1) or low active (low = 1).

Parameters:

<SignalType> CANH | CANL
CANH
Signal is high active (high = 1).
CANL
Signal is low active (low = 1).
*RST: CANL

BUS:CAN:BITRate <CustomBitrate>
Sets the number of transmitted bits per second.

Parameters:

<CustomBitrate> Range: 10000 to 1000000
Increment: 1
*RST: 50000
Default unit: bps

BUS:CAN:TECHnology <ThresholdType>

Parameters:
<ThresholdType> TTL | ECL | CMOS | CAN | GND | LIN7vsupply | LIN12vsupply |
LIN18vsupply | USER

TTL
1.4V
ECL
-1.3V
CMOS
25V

GND
0 V (for CAN channels, requires option R&S RTH-K3)

CAN
2V (for CAN channels, requires option R&S RTH-K3)

LIN7vsupply | LIN12vsupply | LIN18vsupply
7V /12V /18 YV (for LIN channels, requires option R&S RTH-

K3)

USER

Set the value with CHANnel<m>:THReshold:USER.
*RST: CAN
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BUS:CAN:DATA:THReshold <ThresholdValue>

Sets the threshold value for digitization of signals manually. If the signal value is higher
than the threshold, the signal state is high. Otherwise, the signal state is considered
low.

This value is only considered for BUS : CAN: TECHnology USER

Parameters:

<ThresholdValue> Range: -400 to 400
Increment: 1E-3
*RST: 1.4

Default unit: V

BUS:SETReflevels
Sets the appropriate threshold or threshold for the selected serial protocol.

Usage: Event

BUS:CAN:SAMPIlepoint <SamplePoint>

The sample point divides the nominal bit period into two distinct time segments. The
length of the time segments is defined in time quanta according to network and node
conditions during CAN development.

Parameters:

<SamplePoint> Range: 10 to 95
Increment: 1
*RST: 50

Default unit: %

BUS:CAN:FDATa:ABITrate <ArbCustomBitrate>
Sets the bit rate of the arbitration phase of the CAN FD bus.
The setting is available in CAN FD option R&S RTH-K9.

Parameters:

<ArbCustomBitrate> Range: 10000 to 1000000
Increment: 1
*RST: 50000
Default unit: bps

BUS:CAN:FDATa:ASAMplepoint <ArbSamplePoint>

The sample point divides the arbitration phase into two distinct time segments. The
length of the time segments is defined in time quanta according to network and node
conditions during CAN FD development.

The setting is available in CAN FD option R&S RTH-K9.
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Parameters:

<ArbSamplePoint>  Range: 10 to 95
Increment: 1
*RST: 66
Default unit: %

BUS:CAN:FDATa:DBITrate <DataCustomBitrate>

Sets the bit rate of the data phase. The data rate can be higher than the arbitration
rate, but it is uniform and fixed for a given CAN FD bus.

The setting is available in CAN FD option R&S RTH-K9.

Parameters:

<DataCustomBitrate> Range: 10000 to 15000000
Increment: 1
*RST: 50000
Default unit: bps

BUS:CAN:FDATa:DSAMplepoint <DataSamplePoint>

The sample point divides the data phase into two distinct time segments. The length of
the time segments is defined in time quanta according to network and node conditions
during CAN FD development.

The setting is available in CAN FD option R&S RTH-K9.

Parameters:

<DataSamplePoint> Range: 10 to 95
Increment: 1
*RST: 66
Default unit: %

BUS:CAN:FDATa:ENABIe <State>

Enables the CAN FD protocol configuration. It BUS : CAN: FDATa : ENABle state is OFF,
then the CAN protocol is selected.

The setting is available in CAN FD option R&S RTH-K9.

Parameters:
<State> ON | OFF

BUS:CAN:FDATa:PSTandard <ProtocolStandard>

Only available for CAN FD buses. Selects if the tested signal is an ISO CAN FD signal
or not.

Parameters:
<ProtocolStandard> ISO | NISO
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ISO
Signals are decoded according to the ISO CAN FD protocol.
This protocol has an additional stuff count field before the CRC

sequence.

NISO

Non-1SO. Signals are decoded according to the Bosch CAN FD

protocol.

*RST: ISO

15.11.5.2 CAN Trigger
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TRIGger:CAN:ACKerror <AckError>

An acknowledgement error occurs when the transmitter does not receive an acknowl-
edgment - a dominant bit during the Ack slot.

Parameters:
<AckError> ON | OFF

*RST: ON

TRIGger:CAN:BITSterror <StuffBitError>

A stuff error occurs when the 6th consecutive equal bit level in the mentioned fields is
detected.

Parameters:
<StuffBitError> ON | OFF

*RST: ON
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TRIGger:CAN:CRCerror <CrcError>

A CRC error occurs when the calculated result differs from the received value in the
CRC sequence.

Parameters:
<CrcError> ON | OFF
*RST: ON

TRIGger:CAN:DATA <Pattern>

Specifies the data pattern to be found, in binary or hex format. Enter the pattern in
MSB first bit order.

Parameters:
<Pattern> String that contains the pattern in binary format. The parameter
accepts the bit value X (don't care).

TRIGger:CAN:DCONdition <Relation>

Defines how the specified data pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Parameters:
<Relation> EQUal | NEQual
*RST: EQUal

TRIGger:CAN:FORMerror <FormError>
A form error occurs when a fixed-form bit field contains one or more illegal bits.
Parameters:
<FormError> ON | OFF
*RST: ON

TRIGger:CAN:FTYPe <FrameType>
CAN has several frame types which can be used as trigger condition.

For data and remote frames, the identifier format has to be set with TRTGger : CAN:
ITYPe.

Parameters:

<FrameType> ERRor | OVERIoad | DATA | REMote | DOR
ERRor
When a node recognizes an error, it cancels transmission by
sending an error frame.
The instrument triggers seven bit periods after the end of the
error flag that is marked by a dominant-recessive edge.
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OVERIoad
When a node needs a delay between data and/or remote
frames, it sends an overload frame.

DATA
The data frame is the only frame for actual data transmission.

REMote

Remote frames are only available in the CAN protocol.

The remote frame initiates the transmission of data by another
node. The frame format is the same as of data frames but with-
out the data field.

DOR

Data frames or remote frames initiate the transmission of data
by another node. The frame format is the same as of data
frames.

*RST: DOR

TRIGger:CAN:ICONdition <Relation>

Defines how the specified identifier pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Parameters:
<Relation> EQUal | NEQual

*RST: EQUal

TRIGger:CAN:IDENtifier <Pattern>

Specifies the identifier pattern to be found, in binary format. Enter the pattern in MSB

first bit order.

Parameters:

<Pattern> String that contains the pattern in binary format. The parameter
accepts the bit value X (don't care).

Example: TRIG:CAN:TYPE ID

TRIG:CAN:IDEN 001001
TRIG:CAN:ICON EQU
Triggers if the ID of the measured signal is 001001.

TRIGger:CAN:ITYPe <IdentifierType>
Selects the length of the identifier.



Parameters:
<l|dentifierType>
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B11|B29 | ANY

ANY

The ID type and ID pattern are not relevant for the trigger condi-
tion.

If the trigger type is "Identifier”, the instrument triggers on any
identifier in the specified frame type.

If the trigger type is "Identifier + Data", set the "ID type" to "Any"
if you want to trigger only on data.

*RST: ANY

TRIGger:CAN:TYPE <TriggerType>

Depending on the selected CAN trigger type, different additional parameters are avail-

able.

Parameters:
<TriggerType>

STOF | EOF | FTYP | ID | IDDT | ERRC

STOF
Triggers on the stop bit of the sync field.

EOF
Triggers after a wakeup frame.

FTYP

Triggers on a specified frame type (data, remote, error, or over-
load). For data and remote frames, also the identifier format is
considered.

ID

Sets the trigger to a specific identifier or an identifier range. Only
the 6-bit identifier without parity bits is considered, not the pro-
tected identifier.

IDDT

Sets the trigger to a combination of identifier and data condition.
The instrument triggers at the end of the last byte of the speci-
fied data pattern.

ERRC

Identifies various errors in the frame. You can select one or
more error types as the trigger condition.

*RST: STOF

TRIGger:CAN:FDATa:BRS <BRSBit>
Sets the bit rate switch bit.

Parameters:
<BRSBit>

ZERO | ONE | DC
*RST: DC
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TRIGger:CAN:FDATa:DPOSition <ByteOffset>

Sets the byte offset, that defines the start position of the data for the data pattern com-
parison.

The setting is available in CAN FD option R&S RTH-K9.

Parameters:
<ByteOffset> Range: 0 to 63
Increment: 1
*RST: 0
TRIGger:CAN:FDATa:ESI <ESIBit>
Sets the error state indicator bit.
Parameters:
<ESIBit> ZERO | ONE | DC
DC: do not care, bit is nor relevant.
*RST: DC

TRIGger:CAN:FDATa:FDF <FDFBit>

Specifies the CAN FD frame format. It corresponds to the EDL bit (extended data
length), which only exists in CAN FD format.

Parameters:
<FDFBIt> ZERO | ONE | DC
ONE: CAN FD
ZERO: CAN.
DC: do not care, the format is not relevant.
*RST: DC

TRIGger:CAN:FDATa:SCERror <StuffCountError>

Triggers on stuff count errors. A stuff count error occurs if the received stuff count value
does not match the value calculated from the own stuff bit count.

Only relevant for CAN FD signals in ISO standard (RUS:CAN:FDATa:PSTandard is
set to 150).

Parameters:
<StuffCountError> ON | OFF

*RST: ON

15.11.5.3 CAN Decode Results

The frame suffix <m> selects the frame index for which the result is queried.



Protocol Analysis

The byte suffix <n> selects the byte index for which the result is queried.
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BUS:CAN:FCOunt?

Returns the number of decoded frames in the acquisition.

Return values:

<Count> Range: 0 to 100000
Increment: 1
*RST: 0

Usage: Query only

BUS:CAN:FRAMe<m>:ACKValue?
Returns the value of the acknowledge slot for the selected frame.

Suffix:
<m> *

Return values:

<AckValue> Range: 0 to 1
*RST: 0
Usage: Query only

BUS:CAN:FRAMe<m>:BSEPosition?

Returns the location of a bit stuffing error.
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Suffix:
<m> *

Return values:

<BitStuffErrorPos>  Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:CAN:FRAMe<m>:BYTE<n>:STATe?

Returns the state of the specified byte.

Suffix:
<m> *
<n> *

Return values:

<ByteState> OK | UNDF
UNDF: Undefined
*RST: OK

Usage: Query only

BUS:CAN:FRAMe<m>:BYTE<n>:VALue?

Returns the value of the specified byte.

Suffix:
<m> *
<n> *

Return values:

<ByteValue> Range: 0 to 255
*RST: 0
Usage: Query only

BUS:CAN:FRAMe<m>:CSValue?
Returns the CRC sequence value of the selected frame.

Suffix:
<m> *

Return values:
<ChecksumValue> Range: 0 to 2097151
*RST: 0

Usage: Query only
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BUS:CAN:FRAMe<m>:DATA?
Returns the data of the specified frame.

Suffix:
<m> *

Return values:
<Data> Comma-separated list of integer values. The first value is the
number of bytes, followed by the values of the data bytes.

Example: BUS1:CAN:FRAMe2:DATA?
--> 3,208,231,32
Returns the data of the second frame: the number of bytes is 3
data (first value).

Usage: Query only

BUS:CAN:FRAMe<m>:DLCValue?
Returns the number of data bytes in the frame.
CAN: the number of data bytes is the data length code (DLC).

CAN FD: for DLCs > 8, the DLC and the number of data bytes are different. The DLC
is defined in the standard. For example, DLC = 9 defines that the data field has 12
bytes, and DLC = 15 sets a 64 byte data field.

Suffix:

<m> *
Frame index

Return values:

<DataBytes> Number of data bytes in decimal values.
Range: 0 to 64
*RST: 0

Usage: Query only

BUS:CAN:FRAMe<m>:ACKState?
BUS:CAN:FRAMe<m>:CSSTate?
BUS:CAN:FRAMe<m>:DLCState?
BUS:CAN:FRAMe<m>:IDSTate?

Return the states of the following parts of a message:
® ACKState: state of acknowledgement field

® (CSSTate: state of checksum field (CRC)

e DL CState: state of data length code

® |DSTate: identifier state

Suffix:
<m> *
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Return values:

<State> OK | UNDF
UNDF: Undefined
*RST: OK

Usage: Query only

BUS:CAN:FRAMe<m>:IDTYpe?

Returns the identifier type of the selected frame, the identifier format of data and
remote frames.

Suffix:
<m> *

Return values:
<ldentifierType> ANY | B11 | B29

B11: standard format, 11 bit
B29: extended format, 29 bit

*RST: B11
Usage: Query only

BUS:CAN:FRAMe<m>:IDValue?
Returns the identifier value of the selected frame.

Suffix:
<m> *

Return values:
<ldentifierValue> Range: 0 to 536870911
*RST: 0

Usage: Query only

BUS:CAN:FRAMe<m>:NDBYtes?
Retruns the number of data bytes of the selected frame.

Suffix:
<m> *

Return values:

<NoOfDataBytes> Range: 0
Increment: 1
*RST: 0

to 64

Usage: Query only
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BUS:CAN:FRAMe<m>:SDATa?
Returns the complete symbolic data of the selected frame.

Suffix:
<m> *

Return values:

<SymbolicData> String with comma-separated list of symbolic data
Example: BUS:CAN:FRAMe9:SDATa?
<-- [sym] 325 kW, 0OxO0A, 423 N, 174 1, Running, 90 degC, 0x06, 437 rpm

Returns the symbolic results of the 9th frame.

Usage: Query only

BUS:CAN:FRAMe<m>:STARt?
BUS:CAN:FRAMe<m>:STOP?

Returns the start time and stop time of the selected frame.

Suffix:
<m> *

Return values:

<FrameStart> Time
<FrameStop> Range: -100E+24 to 100E+24
*RST: 0

Default unit: s

Usage: Query only

BUS:CAN:FDATa:FRAMe<m>:STANdard?
Returns the CAN standard.
The setting is available in CAN FD option R&S RTH-K9.

Suffix:
<m> *

Return values:
<FrameStandard>  CAN | CANFd

*RST: CAN
Usage: Query only

BUS:CAN:FRAMe<m>:STATus?

Returns the overall state of the selected frame.
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Suffix:
<m> *

Return values:

<FrameState> OK | OVLD | ERR | BTST | CRC | NOACK | SERRror | FORM |
CAERror | FCERror | SCERror | SAERror | SFERror | SCAE |
SCFE | INSufficient

Status for CAN and CAN FD:

OK: the frame is valid.

OVLD: Overload frame

ERR: Error frame

BTST: Bit stuffing error occurred.

CRC: Cyclic redundancies check failed.

NOACK: Acknowledge is missing.

FORM: Fixed-bit form error

CAERror: CRC error followed by an acknowledgement error
(missing acknowledge)

FCERor: CRC error followed by a form error (wrong CRC delim-
iter or wrong ACK delimiter)

INSufficient: The frame is not contained completely in the acqui-
sition. The acquired part of the frame is valid.

Status for CAN FD only:

SERRROor: Stuff count error

SAERror: Stuff count error followed by acknowledgement error
SFERror: Stuff count error followed by a form error

SCAE: Stuff count error followed by CRC error and acknowl-
edgement error

SCFE: Stuff count error followed by CRC error and form error

*RST: OK
Usage: Query only

BUS:CAN:FRAMe<m>:SYMBol?
Returns the symbolic label of the specified frame if the label list is enabled.

Suffix:
<m> *

Return values:
<Label> String with symbolic label of the identifier

Usage: Query only

BUS:CAN:FRAMe<m>:TYPE?

Returns the frame type of the selected frame.
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Suffix:

<m> *

Parameters:

<FrameType> ERRor | OVERIoad | DATA | REMote | DOR
ERRor
When a node recognizes an error, it cancels transmission by
sending an error frame.
The instrument triggers seven bit periods after the end of the
error flag that is marked by a dominant-recessive edge.
OVERIoad
When a node needs a delay between data and/or remote
frames, it sends an overload frame.
DATA
The data frame is the only frame for actual data transmission.
REMote
Remote frames are only available in the CAN protocol.
The remote frame initiates the transmission of data by another
node. The frame format is the same as of data frames but with-
out the data field.
DOR
Data frames or remote frames initiate the transmission of data
by another node. The frame format is the same as of data
frames.
*RST: DOR

Usage: Query only

LIN (Option R&S RTH-K3)
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BUS:LIN:DATA:SOURce <Channel>

Sets the source of the data line. All channel waveforms can be used.
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Parameters:

<Channel> C1|C2|C3|C4|D0|D1|D2|D3|D4|D5|D6|D7
C3 and C4: only R&S RTH1004
Digital channels are available if option R&S RTH-B1 is installed.
*RST: C1

Usage: Asynchronous command

BUS:LIN:POLarity <Polarity>

Defines the idle state of the bus. The idle state is the recessive state and corresponds

to a logical 1.

Parameters:

<Polarity> IDLLow | IDLHigh
IDLLow
The bus is idle (state = 1) when the signal is low
IDLHigh
The bus is idle (state = 1) when the signal is high
*RST: IDLHigh

BUS:LIN:BITRate <CustomBitrate>

Sets the number of transmitted bits per second.

Parameters:

<CustomBitrate> Range: 1000 to 20000
Increment: 1
*RST: 9600

Default unit: bps

BUS:LIN:STANdard <Standard>

Selects the version of the LIN standard that is used in the DUT. The setting mainly
defines the checksum version used during decoding.

Parameters:
<Standard> V1X | V2X|J2602 | AUTO

*RST: AUTO

BUS:LIN:DATA:THReshold <ThresholdValue>

Sets the threshold value for digitization of signals manually. If the signal value is higher
than the threshold, the signal state is high. Otherwise, the signal state is considered
low.

This value is only considered for BUS : LIN: TECHnology USER
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Parameters:

<ThresholdValue> Range: -400 to 400
Increment: 1E-3
*RST: 1.4
Default unit: V

BUS:LIN:TECHnology <ThresholdType>

Sets the threshold value for digitization of signals according to the specified technol-
ogy. If the signal value is higher than the threshold, the signal state is high. Otherwise,
the signal state is considered low.

To set a user-defined threshold, select USER and define the value using BUS : L,IN :
DATA: THReshold on page 466.

Parameters:
<ThresholdType> TTL | ECL | CMOS | CAN | GND | LIN7vsupply | LIN12vsupply |
LIN18vsupply | USER

CMOS
25V

LIN7vsupply | LIN12vsupply | LIN18vsupply
7V/12V/18V

USER
Set the value with BUS: LIN: DATA : THReshold.
*RST: TTL

BUS:SETReflevels
Sets the appropriate threshold or threshold for the selected serial protocol.

Usage: Event

LIN Trigger
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TRIGger:LIN:CHKSerror <ChecksumError>

Triggers on a checksum error if TRIGger: LIN: TYPE is set to ERRC
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Parameters:
<ChecksumError>  ON | OFF

*RST: ON

TRIGger:LIN:DATA <Pattern>

Defines the data pattern as trigger condition. Enter the words in MSB first bit order.

Parameters:

<Pattern> String with max. 4 bytes in binary format. Characters 0, 1, and X
are allowed. If you define a pattern with incomplete byte, the
missing LSB are filled with X.

Example: TRIG:LIN:TYPE IDDT

TRIG:LIN:IDEN 001001

TRIG:LIN:ICON EQU

TRIG:LIN:DCON EQU

TRIG:LIN:DATA '11111111000000001111"
TRIG:LIN:DATA?

<-- 11111111000000001111XXXX

Triggers when the id '001001" and the data
'11111111000000001111" is detected in the measured signal

TRIGger:LIN:DCONdition <Relation>
Defines how the specified data pattern is compared with the acquired signal.

Parameters:
<Relation> EQUal | NEQual

*RST: EQUal

TRIGger:LIN:ICONdition <Relation>

Defines how the specified identifier pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Parameters:
<Relation> EQUal | NEQual

*RST: EQuUal

TRIGger:LIN:IDENtifier <Pattern>

Specifies the identifier pattern to be found, in binary format. Enter the pattern in MSB
first bit order.

Parameters:

<Pattern> String with max. 7 characters. Characters 0, 1, and X are
allowed. If you define a pattern shorter than the pattern length,
the missing LSB are filled with X.
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Example: TRIG:LIN:TYPE ID
TRIG:LIN:IDEN 001001
TRIG:LIN:ICON EQU
Triggers if the ID of the measured signal is 001001.

TRIGger:LIN:IPERror <ParityError>
Triggers on a parity error if TRIGger: LIN: TYPE is set to ERRC

Parameters:
<ParityError> ON | OFF

*RST: ON

TRIGger:LIN:SYERror <SyncError>
Triggers on a synchronization error if TRTIGger:LIN: TYPE is set to ERRC

Parameters:
<SyncError> ON | OFF

*RST: ON

TRIGger:LIN:TYPE <TriggerType>

Parameters:

<TriggerType> SYNC | WKFR | ERRC | ID | IDDT
SYNC
Triggers on the stop bit of the sync field.
WKFR
Triggers after a wakeup frame.
ERRC

Identifies various errors in the frame. You can select one or
more error types as the trigger condition.

ID
Sets the trigger to a specific identifier or an identifier range.

IDDT

Sets the trigger to a combination of identifier and data condition.
The instrument triggers at the end of the last byte of the speci-
fied data pattern.

*RST: SYNC

15.11.6.3 LIN Decode Results

The frame suffix <m> selects the frame index for which the result is queried.

The byte suffix <n> selects the byte index for which the result is queried.
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BUS:LIN:FCOunt?

Returns the number of decoded frames in the acquisition.

Return values:

<Count> Range: 0 to 100000
Increment: 1
*RST: 0

Usage: Query only

BUS:LIN:FRAMe<m>:BYTE<n>:STATe?

Returns the state of the specified byte.

Suffix:
<m> *
<n> *

Return values:
<ByteState> OK | STERror | SPERror | UVAL | NOEXists | INSufficient

STERror: start error

SPERtror: stop error

UVAL: unexpected value

NOEXists: byte does not exist

INSufficient: the frame is not completely contained in the acqui-
sition. The decoded part of the frame is valid.

*RST: OK
Usage: Query only

BUS:LIN:FRAMe<m>:BYTE<n>:VALue?

Returns the value of the specified byte.
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Suffix:
<m> *
<n> *

Return values:

<ByteValue> Range: 0 to 255
*RST: 0
Usage: Query only

BUS:LIN:FRAMe<m>:CSSTate?
Returns the checksum state of the specified frame.

Suffix:
<m> *

Return values:
<ChecksumState> OK | STERror | SPERror | UVAL | NOEXists | INSufficient

STERror: start error

SPERror: stop error

UVAL: unexpected value

NOEXists: byte does not exist

INSufficient: the frame is not completely contained in the acqui-
sition. The decoded part of the frame is valid.

*RST: OK
Usage: Query only

BUS:LIN:FRAMe<m>:CSValue?
Returns the checksum value of the specified frame.

Suffix:
<m> *

Return values:
<ChecksumValue> Range: 0 to 255
*RST: 0

Usage: Query only

BUS:LIN:FRAMe<m>:DATA?
Returns the data bytes of the specified frame.

Suffix:
<m> *
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Return values:

<Data> Comma-separated list of integer values (N, D1, D2,..., DN). N is
the number of bytes in the frame, and D1...DN are the values of
the bytes.

Example: BUS:LIN:FRAMe4 :DATA?

<--4,118,39,71,123

Usage: Query only

BUS:LIN:FRAMe<m>:IDPValue?
Returns the value of the identifier parity bits of the selected frame.

Suffix:
<m> *

Return values:
<ldentifierParity> Range: 0to3
*RST: 0

Usage: Query only

BUS:LIN:FRAMe<m>:IDSTate?
Returns the identifier state of the selected frame.

Suffix:
<m> *

Return values:
<ldentifierState> OK | STERror | SPERror | PRERror | UVAL | NOEXists |
INSufficient
STERror: start error
SPERror: stop error
PRERror: parity error
UVAL: unexpected value
NOEX:ists: byte does not exist
INSufficient: the frame is not completely contained in the acqui-
sition. The decoded part of the frame is valid.

*RST: OK
Usage: Query only

BUS:LIN:FRAMe<m>:IDValue?
Returns the identifier value of the selected frame.

Suffix:
<m> *
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Return values:
<ldentifierValue> Range: 0 to 63
*RST: 0

Usage: Query only

BUS:LIN:FRAMe<m>:STARt?
BUS:LIN:FRAMe<m>:STOP?

Returns the start time and stop time of the selected frame, respectively.

Suffix:
<m> *

Return values:

<FrameStart> Range: -100E+24 to 100E+24
<FrameStop> Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:LIN:FRAMe<m>:STATus?
Returns the overall state of the selected frame.

Suffix:
<m> *

Return values:
<FrameState> OK | WAKeup | SYERror | PRERror | CHCKsum | CPERror |
INSufficient
CHCKsum: checksum error
PRERror: parity error in identifier
SYERror: synchronization error
WAKeup: the frame is a wakeup frame
CPERror: parity error and checksum error
INSufficient: the frame is not completely contained in the acqui-
sition. The decoded part of the frame is valid.

*RST: OK
Usage: Query only

BUS:LIN:FRAMe<m>:SYMBol?
Returns the symbolic label of the specified frame if the label list is enabled.

Suffix:
<m> *

Return values:
<Label> String with symbolic name of the identifier



15.11.7

15.11.71

Protocol Analysis

Example: BUS:LIN:FRAMe2:SYMBo1?
Response: Temperature

Usage: Query only

BUS:LIN:FRAMe<m>:SYSTate?
Returns the synchronization state of the frame.

Suffix:
<m> *

Return values:
<FrameSyncState> OK | STERror | SPERror | PRERror | UVAL | NOEXists |
INSufficient

OK

The frame is valid.

SPERror

Stop error, no stop condition found
STERror

Start error, no start condition found
PRERror

Parity error, which indicates a transmission error
UVAL

Unexpected value

NOEXists

Byte does not exist

INSufficient
The frame is not completely contained in the acquisition. The
acquired part of the frame is valid.

*RST: OK
Usage: Query only

SENT (Option R&S RTH-K10)
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BUS:SENT:DATA:SOURce <Channel>

Sets the source of the data line. All channel waveforms can be used.

Parameters:

<Channel> C1|C2|C3|C4|D0|D1|D2|D3|D4|D5|D6|D7
C3 and C4: only R&S RTH1004
Digital channels are available if option R&S RTH-B1 is installed.
*RST: C1

Usage: Asynchronous command

BUS:SENT:POLarity <Polarity>
Sets the idle state.

Parameters:
<Polarity> IDLLow | IDLHigh

*RST: IDLHigh

BUS:SENT:TECHnology <ThresholdType>
Sets the threshold values as defined for various signal technologies.

Parameters:
<ThresholdType> CMOS | USER

*RST: USER

BUS:SENT:DATA:THReshold <ThresholdValue>

Sets the threshold value for digitization of signals manually. If the signal value is higher
than the threshold, the signal state is high. Otherwise, the signal state is considered
low.

This value is only considered for BUS : SENT : TECHnology on page 475 USER.

Parameters:

<ThresholdValue> Range: -400 to 400
Increment: 1E-3
*RST: 1.4

Default unit: V
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BUS:SENT:CLKPeriod <ClockPeriod>

Sets the nominal clock period (clock tick).

Parameters:

<ClockPeriod> Range: 1E-6 to 100E-6
Increment: 1E-6
*RST: 3E-6

Default unit: s

BUS:SENT:CLKTolerance <ClockTolerance>

Sets a tolerated deviation of the clock signal.

Parameters:

<ClockTolerance> Range: 0 to 25
Increment: 1
*RST: 20

Default unit: %

BUS:SENT:CRCMethod <CRCCalculation>
Selects the calculation method for the CRC checksum.

Parameters:
<CRCCalculation>  SAEJ | TLE

SAEJ: according to the standard
TLE: according to the computing method for TLE_4998X sen-
sors.

*RST: SAEJ

BUS:SENT:CRCVersion <CRCVersion>
Selects the calculaction method for the cyclic redundancy check (CRC).

Parameters:
<CRCVersion> V2010 | LEGA

LEGAcy: method used up to 2010
v2010: current method

*RST: V2010

BUS:SENT:DNIBbles <DataNibbles>

Sets the number of data nibbles for a transmission sequence.

Parameters:

<DataNibbles> Range: 1to6
Increment: 1
*RST: 3
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BUS:SENT:PPFLength <FrameLength>

Defines a constant transmission sequence length. To select the fixed sequence length,
set BUS: SENT: PPULse to PPFL.

Parameters:

<FramelLength> Range: 104 to 922
Increment: 1
*RST: 128

BUS:SENT:PPULse <PausePulse>
Determines if a pause pulse is part of the SENT transmission sequence.
Parameters:

<PausePulse> NPP | PP | PPFL

PP
Transmits the message with a fixed pulse length, automatically
calculated.

NPP
Transmits the SENT message without pause pulse.

PPFL
Transmits the pause pulse with a user-defined frame length to
obtain a transmission sequence with constant length.

*RST: NPP

BUS:SENT:SFORmat <Format>
Selects the serial message format.

Parameters:
<Format> NONE | SHORt | ENHanced

SHORt = Short serial message.
ENHanced = Enhanced serial message.
NONE = Single transmission sequence.

*RST: NONE

BUS:SENT:RDSL <Display>
Selects the display table view mode for the SENT protocol.

Parameters:
<Display> TRSQ | SMSG

TRSQ: fast channel
SMSG: slow channel

*RST: TRSQ
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15.11.7.2 SENT Trigger
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TRIGger:SENT:TYPE <TriggerType>
Sets the SENT trigger type.

Parameters:
<TriggerType> STOF | STAT | STDA | ID | IDDT | ERRC
STOF:
STAT: fast status
STDA: fast status and data
1D: slow |dentifier
IDDT: slow ldentifier and data
ERRC: error condition

*RST: STOF

TRIGger:SENT:DATA <Pattern>
Defines the data pattern as trigger condition. Enter the words in MSB first bit order.

Parameters:

<Pattern> String with max. 4 bytes in binary format. Characters 0, 1, and X
are allowed. If you define a pattern with incomplete byte, the
missing LSB are filled with X.

TRIGger:SENT:DCONdition <Relation>

Defines how the specified data pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Parameters:

<Relation> UNUSed | EQUal | NEQual | LTHan | LETHan | GTHan |
GETHan | INRange | OORange
*RST: EQUal
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TRIGger:SENT:ICONdition <Relation>

Defines how the specified identifier pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Parameters:

<Relation> UNUSed | EQUal | NEQual | LTHan | LETHan | GTHan |
GETHan | INRange | OORange
*RST: EQUal

TRIGger:SENT:IDENtifier <Pattern>

Specifies the identifier pattern to be found, in binary format. Enter the pattern in MSB
first bit order.

Parameters:

<Pattern> String with max. 7 characters. Characters 0, 1, and X are
allowed. If you define a pattern shorter than the pattern length,
the missing LSB are filled with X.

TRIGger:SENT:SCONdition <Relation>

Defines how the specified status pattern is compared with the acquired signal. The
instrument triggers if the acquired address is equal or unequal the defined pattern.

Parameters:

<Relation> UNUSed | EQUal | NEQual | LTHan | LETHan | GTHan |
GETHan | INRange | OORange
*RST: EQUal

TRIGger:SENT:STATus <Pattern>
Defines the status pattern as trigger condition. Enter the words in MSB first bit order.

Parameters:
<Pattern>

TRIGger:SENT:FCRCerror <FastCRCError>

Triggers on a detected CRC error in the transmission sequences of the fast channel.
The CRC length is 4 bits.

Parameters:
<FastCRCError> ON | OFF

*RST: ON
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TRIGger:SENT:IRFLength <FrameLengthError>

Triggers on frame length errors in transmission sequences, if BUS: SENT : PPULse is
set to PPFL. A frame length error occurs, when the total length of the transmission
sequence (including pause pulse) does not match the frame length set with BUS :
SENT: PPFLength.

Parameters:
<FramelLengthError> ON | OFF

*RST: ON

TRIGger:SENT:PPERioderror <PulsePeriodError>

Triggers on an error in the calibration/sync pulse in transmission sequences of the fast
channel.

Parameters:
<PulsePeriodError> ON | OFF

*RST: ON

TRIGger:SENT:PULSeerror <SyncPulseError>

Trigggers on a synchronization/calibration pulse error in transmission sequences of the
fast channel.

Parameters:
<SyncPulseError> ON | OFF

*RST: ON

TRIGger:SENT:SCRCerror <SlowCRCError>

Triggers on a detected CRC error in serial messages of the slow channel. The CRC
length is 4 bits for short serial messages, and 6 bit of enhanced serial messages.

Parameters:
<SlowCRCError> ON | OFF

*RST: ON

15.11.7.3 SENT Decode Results

The frame suffix <m> selects the frame index for which the result is queried.

The byte suffix <n> selects the byte index for which the result is queried.
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Returns the number of decoded frames.
Return values:
<Count> Total number of decoded frames.

Range: 0 to 100000
Increment: 1
*RST: 0

Usage: Query only

BUS:SENT:FRAMe<m>:CSValue?
Returns the CRC sequence value of the selected frame.

Suffix:
<m> *

Return values:
<ChecksumValue>  The values below - range, increment and reset — are decimal
values.

Range: to 63

0
Increment: 1
*RST: 0

Usage: Query only

BUS:SENT:FRAMe<m>:DATA?

Returns the data of the specified frame.

Suffix:

<m> *

Example: BUS:SENT:FRAMe4 : DATA?
<--4,3,15,11,9

Usage: Query only
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BUS:SENT:FRAMe<m>:DSTatus?
Returns the status of the frame.

Suffix:
<m> *

Return values:

<FrameState> OK | TMSE | SDIF | CRC | PAUSe | NEG | TCERror | SCERror |
SPERror | SNERror | CPERror | CNERror | PNERror | SCPE |
SCNE | SPNE | CPNE | SCPN | SLENgth | NLENgth |
INSufficient

*RST: OK
Usage: Query only

BUS:SENT:FRAMe<m>:IDTYpe?
Returns the identifier type of the selected frame.

Suffix:
<m> *

Return values:
<FrameldentifierType>NONE | B4 | B8

B4: standard format, 4 bit
B8: extended format, 8 bit

*RST: B4
Usage: Query only

BUS:SENT:FRAMe<m>:IDValue?
Returns the identifier value of the selected frame.

Suffix:
<m> *

Return values:
<ldentifierValue> The values below — range, increment and reset — are decimal
values.

Range: 0 to 255
Increment: 1
*RST: 0

Usage: Query only

BUS:SENT:FRAMe<m>:NIBBle<n>:STATe?

Returns the state of the specified nibble.



Protocol Analysis

Suffix:
<m> *
<n> *

Return values:
<FrameNibbleState> OK | UNDF

UNDF = Undefined
*RST: OK

Usage: Query only

BUS:SENT:FRAMe<m>:NIBBle<n>:VALue?

Returns the value of the specified nibble.

Suffix:
<m> *
<n> *

Return values:
<FrameNibbleValue> The values below — range, increment and reset — are decimal
values.

Range: to 15

0
Increment: 1
*RST: 0

Usage: Query only

BUS:SENT:FRAMe<m>:PAPTicks?
Returns the number of the pulse pause clock ticks.

Suffix:
<m> *

Return values:

<PausePulseTicks> Range: 12 to 768
Increment: 1
*RST: 12

Usage: Query only

BUS:SENT:FRAMe<m>:SCOM?
Returns the value of the status/communication pulse.

Suffix:
<m> *
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Return values:

<StatusCommunicatiofkange: 0
Increment: 1
*RST: 0

to O

Usage: Query only

BUS:SENT:FRAMe<m>:SDATa?
Returns the symbolic data of the frame.

Suffix:
<m> *

Return values:
<SymbolicData> Comma-separated list of values. The first value is the number of
bytes, followed by the decoded data bytes.

Usage: Query only

BUS:SENT:FRAMe<m>:STARt?
Returns the start time of the selected frame.

Suffix:
<m> *

Return values:

<FrameStart> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:SENT:FRAMe<m>:STATus?
Returns the overall state of the selected frame.

Suffix:
<m> *

Return values:
<FrameState> OK | SYNC | PULSe | CRC | IRFL | FORM | INSufficient

OK: The frame is valid.

SYNC: Synchronization error occurred.

PULse: Pulse error occurred.

CRC: Cyclic redundancy check failed.

IRFL: Irregular frame length error occurred.

FORM: Format error occurred.

INSufficient: The frame is not completely contained in the
acquisition. The acquired part of the frame is valid.
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*RST: OK
Usage: Query only

BUS:SENT:FRAMe<m>:STOP?
Returns the stop time of the selected frame.

Suffix:
<m> *

Return values:

<FrameStop> Range: -100E+24 to 100E+24
Increment: 100E-12
*RST: 0

Default unit: s

Usage: Query only

BUS:SENT:FRAMe<m>:SYMBol?
Returns the symbolic label of the specified frame if the label list is enabled.

Suffix:
<m> *

Return values:
<Translation> String with symbolic label of the identifier.

Example: BUS:SENT:FRAMe: SYMBoO1?
Response: Air Temperature

Usage: Query only

BUS:SENT:FRAMe<m>:SYNCduration?
Returns the time of the synchronization pulse.

Suffix:
<m> *

Return values:

<SyncDuration> Range: 28E-6 to 8.4E-3
Increment: 1E-6
*RST: 168E-6
Default unit: s

Usage: Query only

BUS:SENT:FRAMe<m>:TYPE?
Returns the type of SENT message.
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Logic Analyzer (R&S RTH-B1 MSO)

Suffix:
<m> *

Return values:
<FrameType> TRSQ | SMSG | EMSG

TRSQ = transmission sequence
SMSG = short serial message
EMSG = enhanced serial message

*RST: TRSQ
Usage: Query only

Logic Analyzer (R&S RTH-B1 MSO)
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LOGic:STATe <State>
Enables or disables the logic channels.

Parameters:
<State> ON | OFF

*RST: OFF

LOGic:THCoupling <ThresCoup>
Couples the threshold and hysteresis settings for the logic channels.
If enabled, all logic channels use the same threshold and hysteresis settings.

If disabled, 2 channel groups are available, which can use different threshold and hys-
teresis settings: DO - D3, and D4 - D7.

Parameters:
<ThresCoup> ON | OFF

*RST: ON

LOGic:GROup<m>:TECHnology <ThresholdType>

Sets the threshold value for the selected channel group, or for all logic channels.



Suffix:
<m>

Parameters:
<ThresholdType>

Logic Analyzer (R&S RTH-B1 MSO)

1.3

1 = all logic channels DO to D7

2 = group DO to D3

3= group D4 to D7

The suffix only takes effect if .OGic: THCoupling is OFF.

TTL | ECL | CMOS | CAN | GND | LIN7vsupply | LIN12vsupply |
LIN18vsupply | USER

TTL

1.4V

ECL

-1.3V

CMOS

25V

GND

0 V (for CAN channels, requires option R&S RTH-K3)
CAN

2V (for CAN channels, requires option R&S RTH-K3)

LIN7vsupply | LIN12vsupply | LIN18vsupply
7V 112V /18 YV (for LIN channels, requires option R&S RTH-
K3)

12 V Supply
12 V (for LIN channels, requires option R&S RTH-K3)

18 V Supply
18 V (for LIN channels, requires option R&S RTH-K3)

USER
Set the value with 1.0Gi c: GROup<m>: USER.

*RST: TTL

LOGic:GROup<m>:USER <ThresholdValue>

Sets the threshold value if 1.0Gic: GROup<m>:TECHnology is set to USER.

Suffix:
<m>

Parameters:
<ThresholdValue>

1.3

1 = all logic channels DO to D7

2 = group DO to D3

3= group D4 to D7

The suffix only takes effect if .OGic:THCoupling is OFF.

Range: -400 to 400
Increment: 1E-3
*RST: 1.4

Default unit: V



Logic Analyzer (R&S RTH-B1 MSO)

LOGic:GROup<m>:THReshold?
Returns the current threshold value.

Suffix:

<m> 1.3
1 = all logic channels DO to D7
2 = group DO to D3
3= group D4 to D7

Return values:

<Level> Range: -10 to 10
Increment: 1E-3
*RST: 0

Default unit: V
Usage: Query only

LOGic:GROup<m>:HYSTeresis <Hysteresis>

Hysteresis avoids the change of signal states due to noise oscillation around the
threshold level. Set a small hysteresis for clean signals, and large hysteresis for noisy

signals.
Suffix:
<m> 1..3
1 = all logic channels DO to D7
2 = group DO to D3
3= group D4 to D7
The suffix only takes effect if LOGic: THCoupling is OFF.
Parameters:
<Hysteresis> SMALI | MEDium | LARGe

*RST: MEDium

LOGic:CHANnel<m>:DESKew <Value>

Sets the deskew for all channels of a logic probe at once, or for each logic channel

separately.
Suffix:
<m> 1.9
1..8: logic channels 0 to 7
9: all logic channels
Parameters:
<Value> Range: -100E-9 to 100E-9
Increment: 800E-12
*RST: 0

Default unit: s
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Example: LOGic:CHANnel9:DESKew 0.00000001
LOGic:CHANnel8:DESKew 0.00000002
LOGic:CHANnell :DESKew?

<-- le-08
LOGic:CHANnel8:DESKew?
<-- 2e-08

POD:STATe?
Returns the connection state of the logic probe.

Return values:
<PODConnected> ON | OFF

*RST: OFF
Usage: Query only

15.13 Documenting Results

15.13.1 Export of Waveform Data to File
The commands described in this chapter write the sample data of active waveforms to
one or more CSV files.

The resulting files are described in Chapter 12.4.3, "Waveform Export Files",
on page 273.

To export the results of a harmonics measurement, see Chapter 15.6.3.2, "Retrieving
and Exporting Harmonic Results", on page 371.

Example: Saving a single waveform with time values

The example program saves the data of channel 1 to a file on the SD card. Voltage
and time values are saved. Then the data is read and deleted.

:EXPort:WAVeform:NAME '/media/SD/Waveform.csv'
:EXPort:WAVeform: SOURce Cl1

:EXPort:WAVeform: INCXvalues 1 // include time values
:EXPort:WAVeform:DLOGging 0O // without history
:EXPort:WAVeform:SAVE ; *OPC

:MMEMory:DATA? '/media/SD/Waveform.csv'

:MMEMory:DELete '/media/SD/Waveform.csv';*OPC
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Example: Saving all active waveforms with time values

The example program saves the voltage and time values of all active analog, digital
and math waveforms. Then the data is read and deleted.

:EXPort:WAVeform:NAME '/media/SD/Multiwfm.csv'

:EXPort:WAVeform:MULTichannel 1

:EXPort:WAVeform:INCXvalues 1 // include time values
:EXPort:WAVeform:DLOGging 0O // without history
:EXPort:WAVeform:SAVE ; *OPC

:MMEMory:DATA? '/media/SD/Multiwfm.csv'

:MMEMory:DELete '/media/SD/Multiwfm.csv';*OPC

Example: Saving history data of channel 1, without time values

The example program saves the history data of selected segments to a file on the SD
card. Then the data is read and deleted.

:EXPort:WAVeform:NAME '/media/SD/WaveformHistory.zip'

:EXPort:WAVeform:SOURce C1

:EXPort:WAVeform: INCXvalues 0 // no time values
:EXPort:WAVeform:DLOGging 1 // include history
:CHANnell:HISTory:STARt -77 // select segment range (optional)

:CHANnell:HISTory:STOP -5

:EXPort:WAVeform:SAVE ;*OPC

:MMEMory:DATA? '/media/SD/WaveformHistory.zip'
:MMEMory:DELete '/media/SD/WaveformHistory.zip';*OPC

EXPOrt:WAVETOMMINAME . .....cevtiireteiieieeieeeeseseeeeeeeeeeeteeeeeeeeesessatararan e seseeeeeaeaasereerereees 490
EXPOrt:WAVETOrMM:ISOURGCE. . ... eieiiiiiieieeeeettiieeeeeeette s e e e eeetaaeeeessestaaeeeeeesstaaaeeesesranaaaeens 490
EXPort:WAVeform:MULTIChANNEL. ........coeeiieiee et 491
EXPort:WAVEfOrmM:INCXVAIUES. .......coeeeeeei et e e e e 491
EXPOrt:WAVEfOrmM:DLOGEING. « ceeeeereeenrnnnnnunaaaaaaaaaaeeeeaeaaeaeaeeeeeeeeeaeeanensnnnnnnnaaaaaaaaeeeeaeaens 491
EXPOrt:WAVETOIMISAVE. ... ..o ettt ettt e et e e et e e e e e e e e e e eaeeeea e e enneenean 492

EXPort:WAVeform:NAME <Name>

Sets the file name, file format and path to save the waveform to.

Parameters:
<Name> String with path and file name with extension .csv or .zip.
Example: EXPort:WAVeform:NAME

'/media/SD/Export/Export Ch2.csv'
EXPort:WAVeform: SAVE

Saves the waveform data to Export/Export Ch2.csv on the
SD card.

EXPort:WAVeform:SOURce <Source>

Selects the waveform to be exported if EXPort :WAVeform:MULTichannel is OFF.
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Parameters:
<Source> C1|C2|C3|C4|M1|DO|D1|D2|D3|D4|D5|D6|D7

DO |D1|D2|D3|D4|D5|D6 | D7: All active logic channels
are saved, not matter which Dx is specified in the command.

*RST: C1

EXPort:WAVeform:MULTichannel <MultiChExport>
If ON, all active waveforms (analog, digital and math) are exported.
If OFF, select the waveform for export with ExXPort :WAVe form: SOURce.

Parameters:

<MultiChExport> ON | OFF
ON=1,and OFF =0
*RST: ON

Example: See Example "Saving all active waveforms with time values"
on page 490.

EXPort:WAVeform:INCXvalues <IncHorValues>
Includes horizontal values in the export data (time values).

Parameters:

<IncHorValues> ON | OFF
ON=1,and OFF =0
*RST: OFF

Example: See Example "Saving a single waveform with time values"
on page 489.

EXPort:WAVeform:DLOGging <Datal.ogging>

The command requires option R&S RTH-K15. History must be enabled before using
the command (CHAN:HIST:STAT ON).

The command includes the history data in the export files. If acquisition is running, the
command stops the acquisition.

History data is always saved in a zip file (compressed csv), see also Chapter 4.7 .4,
"Exporting History Data", on page 100.

You can select a range of history segments with CHANnel<m>:HISTory:STARt and
CHANnel<m>:HISTory:STOP.

Parameters:

<DatalLogging> ON | OFF
ON=1,and OFF =0
*RST: OFF
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Example: See Example "Saving history data of channel 1, without time val-
ues" on page 490.

EXPort:WAVeform:SAVE

Saves the waveform(s) to the file specified with ExPort :WAVe form: NAME.

Example: See Example "Saving a single waveform with time values"
on page 489.
Usage: Event

15.13.2 Transfer of Waveform Data

Data conversion of integer values if FORMat:DATA INT,16 is used

To convert INT16 data to physical quantities, e.g. voltages, use the following formulas:
PhysicalQuantity = ( Value_ADC * ConversionFactor ) + VerticalOffset
ConversionFactor = VerticalScale * VerticalDivisionCount / NofQuantisationLevels

VerticalOffset ;= Vertical Offset — VerticalPosition * VerticalScale

Table 15-1: Data conversion example

VerticalScale 0.05 V/div
VerticalOffset 0.1V
VerticalPosition 1 div

NofQuantisationLevels 255 * 256

VerticalDivisionCount 8

Value_ADC -61

ConversionFactor 0.05 * 8/ (255 * 256) = 0.000006127451 V
VerticalOffsetyy 0.1-1*0.05=0.05V

Voltage (-61 * 0.000006127451 V) + 0.05 V = -0.32 mV

The values are read with CHANnel<m>:DATA[ :VALues] 2.

To get the vertical scale, position and offset, you can use the appropriate commands:
® CHANnel<m>:SCALe on page 300

® CHANnel<m>:POSition on page 302
® CHANnel<m>:0FFSet on page 302

You can finde these values also in the data export file, see Chapter 15.13.1, "Export of
Waveform Data to File", on page 489.
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FORMat[:DATA] <Format>

Sets the data type that is used for transmission of waveform data from the instrument
to the controlling computer.

Waveform data can be retrieved using the following command: CHANnel<m>:DATA :
VALues] ? on page 494

Parameters:

<Format> ASCii | INT,16
ASCii
Data values are returned in ASCII format as a list of comma sep-
arated values in floating point format. The length can be omitted.
It is 0 which means that the instrument selects the number of
digits to be returned. The query returns both values (Asc, 0).
INT,16
Signed integer data with length 16 bit. It defines that
CHANnel<m>:DATA[ : VALues] ? returns the raw sample data
of the ADC as integers. If format of the waveform data differs
from the defined export format, the instrument converts the data
to the required format.
The schema of the result string is as follows:
#41024<valuel><value2>.<value n> with:
#4 = number of digits (= 4 in the example) of the following num-
ber
1024 = number of following data bytes (= 1024 in the example)
<value> = 4-byte floating point values
You can also set the byte order using the FORMat : BORDer
command.
Data conversion is described in "Data conversion of integer val-
ues if FORMat:DATA INT,16 is used" on page 492.
*RST: ASCii

Example: FORMat :DATA INT,16
FORMat :DATA?
<-- INT, 16

Usage: SCPI confirmed

FORMat:BORDer <ByteOrder>
Sets the endianess if FORMat [ : DATA] is setto INT, 16.

Parameters:
<ByteOrder> MSBFirst | LSBFirst

LSBFirst: little endian, least significant byte first
MSBFirst: big endian, most significant byte first

*RST: LSBFirst
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CHANnel<m>:DATA:HEADer?

Returns the header of channel waveform data.
Table 15-2: Header data

Position Meaning Example
1 XStartin s -5e-07 =-5ns
2 XStopins 5e-07 =5ns
3 Record length of the waveform, number of samples | 2500
4 Number of values per sample interval. For most 2

waveforms the result is 1, for peak detect and enve-

lope waveforms it is 2. If the number is 2, the num-

ber of returned values is twice the record length.

Suffix:

<m> 112 (RTH1002) , 1..4 (RTH1004)

Example: CHAN1 :DATA:HEAD?
-5e-07,5e-07,2500,2
CHANnell:DATA? returns 5000 values.

Usage: Query only

SCPI confirmed

CHANnel<m>:DATA[:VALues]?

Returns the data of the channel waveform points for transmission from the instrument
to the controlling computer. The data can be used in MATLAB, for example.

To set the data format, use FORMat [ : DATA] on page 493

Suffix:

<m> 112 (RTH1002) , 1..4 (RTH1004)
Return values:

<Data> List of values according to the format
Example: FORM ASC

CHANZ2 : DATA?
<-- -0.125000,-0.123016,-0.123016,-0.123016,
-0.123016,-0.123016, ...

Usage: Query only

15.13.3 Screenshots

The example program creates a screenshot and saves it to a file on the SD card. Then
the screenshot data is read and deleted.

:HCOPy:LANGuage PNG
:MMEMory:NAME '/media/SD/Screenshot.png'
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:HCOPy:IMMediate; *OPC
:MMEMory:DATA? '/media/SD/Screenshot.png'
:MMEMory:DELete '/media/SD/Screenshot.png';*OPC
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HCOPy:LANGuage <FileFormat>
Defines the format of the screenshot file.

Parameters:
<FileFormat> PNG | JPG | BMP | TIFF

*RST: PNG

HCOPy:COLor <BlackWhite>
Creates a black and white screenshot.

Parameters:
<BlackWhite> ON | OFF

*RST: OFF

HCOPy:INVerse <InverseColor>
Inverts the colors of the output, i.e. a dark waveform is printed on a white background.

Parameters:
<InverseColor> ON | OFF

*RST: OFF

MMEMory:NAME <Filename>
Defines the filename of the next screenshot.

Parameters:
<Filename> String with the filename

HCOPy:IMMediate
Saves the current display in a new screenshot.

Usage: Event
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15.13.4 Instrument Settings, MMEM Commands

The Mass MEMory subsystem provides commands to access the storage media and to
save and reload instrument settings.

File and directory names

The <file_name> and <directory_name> parameters are strings. If no complete path is
specified, the file location is relative to the current directory, queried with
MMEMory:CDIRectory?. The file name itself may contain the period as a separator
for extensions.

File and directory names can be chosen according to Windows™ conventions. All let-
ters and numbers are allowed, as well as the special characters "_", "A", "§", "~" "I",

Il#ll, ll%ll, ll&ll’ Il_ll, ll{ll, ll}ll’ Il(ll, ll)ll, ll@ll and Il‘ll- Reserved ﬁle names are CON, AUX,
COM1, ..., COM4, LPT1, ..., LPT3, NUL and PRN.
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MMEMory:SAV <FileDestination>
Stores the current instrument settings to the specified file.

Parameters:
<FileDestination> String parameter specifying path and filename of the target file.
Wildcards are not allowed.

Example: MMEM : SAV
"/media/SD/Rohde-Schwarz/RTH/SaveSets/SetupMeasA.dfl"
Saves the current instrument settings to the file
SetupMeasA.dfl located in the directory /media/SD/
Rohde-Schwarz/RTH/SaveSets/ on the microSD card.

Usage: Event

MMEMory:RCL <FileDestination>

Restores the instrument settings from the specified file.
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Parameters:
<FileDestination> String parameter specifying path and filename of the settings
file. Wildcards are not allowed.

Example: MMEM: RCL
"/media/SD/Rohde-Schwarz/RTH/SaveSets/SetupMeasA.dfl"
Loads and activates the instrument settings from the file
SetupMeasA.df1 located in the directory /media/SD/
Rohde-Schwarz/RTH/SaveSets/ on the microSD card.

Usage: Event

MMEMory:DATA <FileName>,<Data>

Writes data to the specified file in the current directory (MMEMory:CDIRectory), or
reads the data.

Parameters:
<Data> 488.2 block data

The block begins with character '#'. The next digit is the length of
the length information. Then the length information digits provide
the number of bytes in the binary data.

Parameters for setting and query:
<FileName> String parameter containing the file name

Example: MMEM:DATA "abc.txt", #216This is the file
#2: the length infomation has two digits
16: the binary data has 16 bytes.
MMEM:DATA? "abc.txt"
received: This is the file

MMEMory:CDIRectory <DirectoryName>
Specifies the current directory for file access.

Setting parameters:
<DirectoryName> String parameter to specify the directory.

Example: MMEM:CDIR "/media/USB1/Data"; *OPC

MMEMory:MDIRectory <DirectoryName>
Creates a new directory with the specified name.

Setting parameters:
<DirectoryName> String parameter
Absolute path, or path relative to the current directory.

Example: Create directory Data on the USB flash device using absolute

path:
MMEM:MDIR "/media/USB1l/Data"
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Usage: Setting only

MMEMory:RDIRectory <DirectoryName>
Deletes the specified directory.

Note: All subdirectories and all files in the specified directory and in the subdirectories
are deleted!

You cannot delete the current directory or a superior directory. In this case, the instru-
ment returns an execution error.

Setting parameters:
<DirectoryName> String parameter, absolute path or relative to the current direc-

tory
Example: MMEM:RDIR "/media/USBl/Screenshots"
Deletes the directory Screenshots on the USB flash drive.

Usage: Setting only

MMEMory:DCATalog? <DirectoryName>

Returns the subdirectories of the specified directory. The result corresponds to the
number of strings returned by the MMEMory: DCATalog: LENgth? command.

Query parameters:

<DirectoryName> String parameter
Specifies the directory.

Return values:

<FileEntry> String parameter

List of subdirectory strings separated by commas. The current
and the parent directories are also returned ("., ,0","..,,

O n)_
Example: Query for directories using absolute path:
MMEM:DCAT? "/media/USB1/*"
received ".,,0","..,,0","Export,,0","SaveSets,, 0", "SCREENSHOTS, ,0"

MMEM: DCAT: LENG? "/media/USB1/*"

received 5

Example: Query for directories in the current directory:
MMEM:CDIR "/media/USB1/"
MMEM:DCAT? "*"
received ".,,0","..,,0","JANUARY,, 0", "FEBRUARY, , 0"
MMEM:DCAT : LENG? "*"

received 4
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Usage:
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Query for directories starting with S using filter:
MMEM:DCAT? "/media/USB1/S*"

received "SaveSets,,0","Slots,,0"
MMEM: DCAT : LENG? "/media/USB1/S*"

received 2

Query only

MMEMory:DCATalog:LENGth? <DirectoryName>

Returns the number of directories in specified directory. The result corresponds to the
number of strings returned by the MMEMory : DCATalog? command.

Query parameters:
<DirectoryName>

Return values:
<FileEntryCount>

Example:

Usage:

String parameter
Specifies the directory.

Number of directories.

MMEMory:DCATalog: LENGth
"/media/SD/Rohde-Schwarz/RTH"
recieved: 12

Query only

MMEMory:CATalog? <DirectoryName>[,<Format>]

Returns the a list of files contained in the specified directory. The result corresponds to
the number of files returned by the MMEMory : CATalog: LENgth? command.

The list of return values has the following order:
<UsedMemory>,<FreeMemory>,<FileEntryl>,<FileEntry2>, ...

Query parameters:
<DirectoryName>

<Format>

Return values:
<UsedMemory>

<FreeMemory>

<FileEntry>

String parameter

Specifies the directory. A filter can be used to list, for example,
only files of a given file type.

ALL | WTIMe

ALL: Extended result including file, date, time and attributes
WTIMe: Result including file, date, time

Total amount of storage currently used in the directory, in bytes.
Total amount of storage available in the directory, in bytes.

String parameter

All files of the directory are listed with their file name, format and
size in bytes.
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Example: Query for files in the SaveSets directory on the USB flash drive
using absolute path:
MMEM:CAT? "/media/USBl/SaveSets/*.*"
received: 511104,8633856,"Settings Mon.xml,,8",
"Settings Tue.xml,, 8"

Example: Query for files that start with Settings in a user-defined direc-
tory on the USB flash drive:
MMEM:CAT? "/media/USB1/Misc/Settings*.*"
received: 511104,8633856,"Settings 160321.xml,,
8","Settings 160322.xml,, 8"

Usage: Query only

MMEMory:CATalog:LENGth? <DirectoryName>

Returns the number of files in the specified directory. The result corresponds to the
number of files returned by the MMEMory: CATalog? command.

Query parameters:
<PathName> String parameter

Directory to be queried, absolute or relative path

Return values:
<Count> Number of files.

Usage: Query only

MMEMory:COPY <FileSource>,<FileDestination>

Copies data to another directory on the same or different storage device. The file name
can be changed, too.

Setting parameters:
<FileSource> String parameter

Name and path of the file to be copied

<FileDestination> String parameter

Name and path of the new file. If the file already exists, it is over-
written without notice.

Example: MMEM: COPY "/media/SD/Rohde-Schwarz/RTH/SaveSets/Settingsl.xml",
"/media/USBl/SaveSets/Settingsl.xml"

Usage: Setting only

MMEMory:MOVE <FileSource>, <FileDestination>

Moves an existing file to a new location.
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Setting parameters:
<FileSource> String parameter

Path and name of the file to be moved.

<FileDestination> String parameter
Path and name of the new file.

Example: MMEM:MOVE " /media/SD/Rohde-Schwarz/RTH/SaveSets/Settingsl.xml",
"/media/USBl/SaveSets/Settingsl.xml"

Usage: Setting only

MMEMory:DELete <FileSource>
Removes a file from the specified directory.

Setting parameters:
<FileSource> String parameter

File name and path of the file to be removed. If the path is omit-
ted, the specified file is deleted in the current directory. Filters
are not allowed.

Example: MMEM:DELete "/media/USBl/SaveSets/Settingsl.xml"

Usage: Setting only

15.14 General Instrument Setup
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15.14.1 Date and Time

SYSTem:DATE [<Year>], [<Month>], [<Day>]
SYSTem:DATE? [<Year>], [<Month>]

Sets the date on the instrument.

Parameters:

<Day> Range: 1 to 31
Increment: 1
*RST: 1

Parameters for setting and query:

<Year> Range: 2012 to 2099
Increment: 1
*RST: 2012
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<Month> Range: 1 to 12
Increment: 1
1

*RST:

SYSTem:TIME [<Hours>], [<Minutes>], [<Seconds>]
SYSTem:TIME? [<Hours>], [<Minutes>]

Sets the time on the instrument.

Parameters:
<Seconds> Range: 0 to 59

Increment: 1

*RST: 1
Parameters for setting and query:
<Hours> Range: 0 to 24

Increment: 1

*RST: 1
<Minutes> Range: 0 to 59

Increment: 1

*RST: 1
Display Settings
DISPIay:PERSISIENCELTYPE] c.utttttututuuiiieieieieteeeeeeeeeteeeerereererestsreraeeeeeeeasasseseerene 502
DISPIay:PERSISIENCE:TIME.......cuuiiiiiieieieeee e e ceecrtereeee e e e e e e e e e ssssrarrasereeeaaaeeseeesnnsnsraneeees 503
DT ESY o Y 01 @ ]\ I =T S 503
DISPIAY:MOUS . . ...ttt et et et et e e et e et e ea e et e e ea e ea e eea e e aannaeannns 503
[ 1S] d F= 1Y  0  FUPT PP 503

DISPlay:PERSistence[: TYPE] <PersistenceType>

Defines how long every new data point remains on the screen.

Parameters:

<PersistenceType> OFF | OFFM | TIME | INF
OFF
Deactivates persistence and displays the last acquisition.
OFFM
Deactivates persistence and displays multiple acquistions.
TIME

Data points remain on the screen for the duration defined with
DISPlay:PERSistence:TIME.

INF
Data points remain on the screen infinitely until persistence is
set to OFF.

*RST: OFF
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DISPlay:PERSistence:TIME <PersistenceTime>

Sets a user-defined persistence time. The command takes effect if DIsPlay:
PERSistence[:TYPE] is setto TIMe.

Parameters:

<PersistenceTime> Range: 0.05 to 10
Increment: 0.01
*RST: 0.05

Default unit: s

DISPlay:CONTrast <ContrastMode>
If enabled, the waveforms are displayed in black color on white background.

Parameters:
<ContrastMode> ON | OFF

*RST: OFF

DISPlay:MOUS <EnableTouch>
Switches the touch functionality of the screen on or off.

If you use the instrument in an environment with immissions considerably higher than
specified, the immisions may affect the touch sensitivity of the screen. In this case, dis-
able the touch and operate the instrument using the keys and the wheel.

Parameters:
<EnableTouch> ON | OFF

*RST: OFF

DISPlay:LCD <EnableLCD>
Turns the LCD display on or off.

Parameters:
<EnableLCD> ON | OFF

*RST: OFF

15.15 WLAN Connection (Option R&S RTH-K200/200US)

SYSTem:COMMunicate:WLAN:MODE <Mode>

Selects the wireless LAN function of the instrument. It can serve as access point or as
client.
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Parameters:
<Mode> ACCesspoint | CLlent

*RST: ACCesspoint
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Annex
A SCPI| Command Structure

SCPI commands consist of a header and, in most cases, one or more parameters. The
header and the parameters are separated by a "white space" (ASCIl code 0 to 9, 11 to
32 decimal, e.g. blank). The headers may consist of several mnemonics (keywords).
Queries are formed by appending a question mark directly to the header.

The commands can be either device-specific or device-independent (common com-
mands). Common and device-specific commands differ in their syntax.

A.1 Syntax for Common Commands

Common (= device-independent) commands consist of a header preceded by an aster-
isk (*), and possibly one or more parameters.

Table A-1: Examples of common commands

*RST RESET Resets the instrument.

*ESE EVENT STATUS ENABLE Sets the bits of the event status enable registers.
*ESR? EVENT STATUS QUERY Queries the contents of the event status register.
*IDN? IDENTIFICATION QUERY Queries the instrument identification string.
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Syntax for Device-Specific Commands

Syntax for Device-Specific Commands

i

Not all commands used in the following examples are necessarily implemented in the
instrument. For demonstration purposes only, assume the existence of the following
commands for this section:

® DISPlay[:WINDow<l...4>]:MAXimize <Boolean>

® FORMat:READings:DATA <type>[,<length>]

® HCOPy:DEVice:COLor <Boolean>

® HCOPy:DEVice:CMAP:COLor:RGB <red>,<green>,<blue>
® HCOPy[:IMMediate]

® HCOPy:ITEM:ALL

® HCOPy:ITEM:LABel <string>

® HCOPy:PAGE:DIMensions:QUADrant [<N>]

® HCOPy:PAGE:ORIentation LANDscape | PORTrait

® HCOPy:PAGE:SCALe <numeric value>

® MMEMory:COPY <file source>,<file destination>

® SENSE:BANDwidth|BWIDth[:RESolution] <numeric value>
® SENSe:FREQuency:STOP <numeric value>

® SENSe:LIST:FREQuency <numeric value>{,<numeric value>}

A.21
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Long and short form

The mnemonics feature a long form and a short form. The short form is marked by
upper case letters, the long form corresponds to the complete word. Either the short
form or the long form can be entered; other abbreviations are not permitted.

Example:
HCOPy:DEVice:COLor ON is equivalent to HCOP: DEV:COL ON.

Case-insensitivity

Upper case and lower case notation only serves to distinguish the two forms in the
manual, the instrument itself is case-insensitive.
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A.2.2 Numeric Suffixes

If a command can be applied to multiple instances of an object, e.g. specific channels
or sources, the required instances can be specified by a suffix added to the command.
Numeric suffixes are indicated by angular brackets (<1...4>, <n>, <i>) and are replaced
by a single value in the command. Entries without a suffix are interpreted as having the
suffix 1.

Example:

Definition: HCOPy : PAGE : DIMensions : QUADrant [<N>]
Command: HCOP: PAGE : DIM: QUAD2

This command refers to the quadrant 2.

6 Different numbering in remote control

For remote control, the suffix may differ from the number of the corresponding selec-
tion used in manual operation. SCPI prescribes that suffix counting starts with 1. Suffix
1 is the default state and used when no specific suffix is specified.

Some standards define a fixed numbering, starting with 0. If the numbering differs in
manual operation and remote control, it is indicated for the corresponding command.

A.2.3 Optional Mnemonics

Some command systems permit certain mnemonics to be inserted into the header or
omitted. These mnemonics are marked by square brackets in the description. The
instrument must recognize the long command to comply with the SCPI standard. Some
commands are considerably shortened by these optional mnemonics.

Example:
Definition: HCOPy [ : IMMediate]
Command: HCOP: IMM is equivalent to HCOP

6 Optional mnemonics with numeric suffixes

Do not omit an optional mnemonic if it includes a numeric suffix that is relevant for the
effect of the command.

Example:
Definition:DISPlay [ :WINDow<1l...4>] :MAXimize <Boolean>
Command: DISP:MAX ON refers to window 1.

In order to refer to a window other than 1, you must include the optional WINDow
parameter with the suffix for the required window.

DISP:WIND2:MAX ON refers to window 2.
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SCPI Parameters

Many commands are supplemented by a parameter or a list of parameters. The
parameters must be separated from the header by a "white space" (ASCIl code 0 to 9,
11 to 32 decimal, e.g. blank).

The parameters required for each command and the allowed range of values are
specified in the command description.

Allowed parameters are:
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Numeric Values

Numeric values can be entered in any form, i.e. with sign, decimal point and exponent.
Values exceeding the resolution of the instrument are rounded up or down. The man-
tissa may comprise up to 255 characters, the exponent must lie inside the value range
-32000 to 32000. The exponent is introduced by an "E" or "e". Entry of the exponent
alone is not allowed.

Example:
SENS:FREQ:STOP 1500000 = SENS:FREQ:STOP 1.5E6
Units

For physical quantities, the unit can be entered. If the unit is missing, the basic unit is
used. Allowed unit prefixes are:

* G(diga)

® MA (mega), MOHM, MHZ
e K (kilo)

® M (milli)

® U (micro)

® N (nano)

Example:

SENSe:FREQ:STOP 1.5GHz = SENSe:FREQ:STOP 1.5E9

Some settings allow relative values to be stated in percent. According to SCPI, this unit
is represented by the PCT string.
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Example:
HCOP:PAGE:SCAL 90PCT

A.3.2 Special Numeric Values

The following mnemonics are special numeric values. In the response to a query, the
numeric value is provided.

e MIN and MAX: denote the minimum and maximum value.

® DEF: denotes a preset value which has been stored in the EPROM. This value
conforms to the default setting, as it is called by the *RST command.

® UP and DOWN: increases or reduces the numeric value by one step. The step
width can be specified via an allocated step command for each parameter which
can be set via UP and DOWN.

® INF and NINF: INFinity and negative INFinity (NINF) represent the numeric values
9.9E37 or -9.9E37, respectively. INF and NINF are only sent as instrument respon-
ses.

® NAN: Not A Number (NAN) represents the value 9.91E37. NAN is only sent as a
instrument response. This value is not defined. Possible causes are the division of
zero by zero, the subtraction of infinite from infinite and the representation of miss-
ing values.

Example:

Setting command: SENSe:LIST:FREQ MAXimum
Query: SENS:LIST:FREQ?

Response: 3.5E9

Queries for special numeric values

6 The numeric values associated to MAXimum/MINimum/DEFault can be queried by
adding the corresponding mnemonic after the quotation mark.
Example: SENSe:LIST:FREQ? MAXimum

Returns the maximum numeric value as a result.

A.3.3 Boolean Parameters

Boolean parameters represent two states. The "ON" state (logically true) is represen-
ted by "ON" or a numeric value 1. The "OFF" state (logically untrue) is represented by
"OFF" or the numeric value 0. The numeric values are provided as the response for a

query.
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Example:

Setting command: HCOPy : DEV:COL ON
Query: HCOPy : DEV: COL?

Response: 1

Text Parameters

Text parameters observe the syntactic rules for mnemonics, i.e. they can be entered
using a short or long form. Like any parameter, they have to be separated from the
header by a white space. In the response to a query, the short form of the text is provi-
ded.

Example:

Setting command: HCOPy: PAGE: ORIentation LANDscape
Query: HCOP: PAGE : ORI ?

Response: LAND

Character Strings
Strings must always be entered in quotation marks (' or ").

Example:
HCOP:ITEM:LABel "Testl"
HCOP:ITEM:LABel 'Testl'

Block Data

Block data is a format which is suitable for the transmission of large amounts of data.
For example, a command using a block data parameter has the following structure:

FORMat :READings :DATA #45168XXXXXXKXX

The ASCII character # introduces the data block. The next number indicates how many
of the following digits describe the length of the data block. In the example the 4 follow-
ing digits indicate the length to be 5168 bytes. The data bytes follow. During the trans-
mission of these data bytes all end or other control signs are ignored until all bytes are
transmitted.

#0 specifies a data block of indefinite length. The use of the indefinite format requires a
NL~END message to terminate the data block. This format is useful when the length of

the transmission is not known or if speed or other considerations prevent segmentation
of the data into blocks of definite length.
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A.4 Overview of Syntax Elements

The following tables provide an overview of the syntax elements and special charac-
ters.

Table A-2: Syntax elements

The colon separates the mnemonics of a command.

; The semicolon separates two commands of a command line. It does not alter the path.

s The comma separates several parameters of a command.

? The question mark forms a query.

* The asterisk marks a common command.

Quotation marks introduce a string and terminate it (both single and double quotation marks are
" possible).

# The hash symbol introduces binary, octal, hexadecimal and block data.
®  Binary: #810110

®  QOctal: #07612

® Hexa: #HF3A7

®  Block: #21312

A "white space" (ASCII-Code 0 to 9, 11 to 32 decimal, e.g. blank) separates the header from the
parameters.
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Table A-3: Special characters

| Parameters

A vertical stroke in parameter definitions indicates alternative possibilities in the sense of "or". The
effect of the command differs, depending on which parameter is used.

Example:

Definition:HCOPy : PAGE: ORIentation LANDscape | PORTrait
Command HCOP: PAGE : ORI LAND specifies landscape orientation
Command HCOP: PAGE: ORI PORT specifies portrait orientation
Mnemonics

A selection of mnemonics with an identical effect exists for several commands. These mnemonics are
indicated in the same line; they are separated by a vertical stroke. Only one of these mnemonics
needs to be included in the header of the command. The effect of the command is independent of
which of the mnemonics is used.

Example:

DefinitionSENSE : BANDwidth | BWIDth[:RESolution] <numeric value>
The two following commands with identical meaning can be created:
SENS:BAND:RES 1

SENS:BWID:RES 1

[1 | Mnemonics in square brackets are optional and may be inserted into the header or omitted.
Example: HCOPy [ : IMMediate]

HCOP:IMM is equivalent to HCOP

{} | Parameters in curly brackets are optional and can be inserted once or several times, or omitted.
Example: SENSe: LIST:FREQuency <numeric value>{,<numeric_value>}

The following are valid commands:

SENS:LIST:FREQ 10

SENS:LIST:FREQ 10,20

SENS:LIST:FREQ 10,20,30,40

A.5 Structure of a Command Line

A command line may consist of one or several commands. It is terminated by one of
the following:

® <New Line>
® <New Line> with EOI
® EOI together with the last data byte

Several commands in a command line must be separated by a semicolon ";".
Example:
MMEM:COPY "Testl", "MeasurementXY";:HCOP:ITEM ALL

This command line contains two commands. The first command belongs to the MMEM
system, the second command belongs to the HCOP system. If the next command
belongs to a different command system, the semicolon is followed by a colon.
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Example:

HCOP:ITEM ALL; :HCOP:IMM

This command line contains two commands. Both commands are part of the HCOP
command system, i.e. they have one level in common.

If the successive commands belong to the same system, having one or several levels
in common, the command line can be abbreviated. When abbreviating the command
line, the second command begins with the level below HCOP. The colon after the semi-
colon is omitted. The abbreviated form of the command line reads as follows:

HCOP:ITEM ALL;IMM

Example:

HCOP:ITEM ALL

HCOP: IMM

A new command line always begins with the complete path.

A.6 Responses to Queries

A query is defined for each setting command unless explicitly specified otherwise. It is
formed by adding a question mark to the associated setting command. According to
SCPI, the responses to queries are partly subject to stricter rules than in standard
IEEE 488.2.

® The requested parameter is transmitted without a header.
Example: HCOP: PAGE : ORI ?, Response: LAND

® Maximum values, minimum values and all other quantities that are requested via a
special text parameter are returned as numeric values.
Example: SENSe: FREQuency: STOP? MAX, Response: 3.5E9

® Numeric values are output without a unit. Physical quantities are referred to the
basic units or to the units set using the Unit command. The response 3.5E9 in
the previous example stands for 3.5 GHz.

® Truth values (Boolean values) are returned as 0 (for OFF) and 1 (for ON).
Example:
Setting command: HCOPy : DEV:COL ON
Query: HCOPy : DEV: COL?
Response: 1
® Text (character data) is returned in a short form.
Example:
Setting command: HCOPy : PAGE: ORIentation LANDscape
Query: HCOP: PAGE: ORI?
Response: LAND

® |nvalid numerical results
In some cases, particularly when a result consists of multiple numeric values, inva-
lid values are returned as 9.91E37 (not a number).
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B Command Sequence and Synchronization

IEEE 488.2 defines a distinction between overlapped (asynchronous) and sequential
commands:

® A sequential command finishes executing before the next command starts execut-
ing. Commands that are processed quickly are usually implemented as sequential
commands.

® An overlapping or asynchronous command does not automatically finish executing
before the next command starts executing. Usually, overlapping commands take
longer to process and allow the program to do other tasks while being executed. If
overlapping commands must be executed in a defined order, e.g. to avoid wrong
measurement results, they must be serviced sequentially. This method is called
synchronization between the controller and the instrument.

As a rule, send commands and queries in different program messages, i.e. in separate
command lines.

Do not combine queries with commands that affect the queried value in one program
message because the response to the query is not predictable.

The following messages always return correct results:
:CHAN:SCAL 0.01;POS 1

:CHAN:SCAL?

Result: 0.01 (10 mV/div)

Reason: Setting commands within one command line, even though they are implemen-
ted as sequential commands, are not necessarily serviced in the order in which they
have been received.

For further information, refer to:

® rohde-schwarz.com/rckb: Rohde & Schwarz web page that provides information on
instrument drivers and remote control.

o "Automatic Measurement Control - A tutorial on SCPI and IEEE 488.2" from John

M. Pieper (R&S order number 0002.3536.00). The book offers detailed information
on concepts and definitions of SCPI.

B.1 Preventing Overlapping Execution

To prevent an overlapping execution of commands, one of the commands *0OpcC,
*QPC? or *WAT can be used. All three commands cause a certain action only to be
carried out after the hardware has been set. The controller can be forced to wait for the
corresponding action to occur.


http://rohde-schwarz.com/rckb

Table B-1: Synchronization using *OPC, *OPC? and *WAI

Preventing Overlapping Execution

Com- Action Programming the controller

mand

*OPC Sets the Operation Complete bit in the ESR ®  Setting bit 0 in the ESE
after all previous commands have been exe- | ®  Setting bit 5 in the SRE
cuted. ®  Waiting for service request (SRQ)

*OPC? Stops command processing until 1 is Send *OPC? directly after the command
returned. This occurs when all pending opera- | whose processing must be terminated before
tions are completed. other commands can be executed.

*WAI Stops further command processing until all Send *WAI directly after the command whose
commands sent before *WAI have been exe- | processing must be terminated before other
cuted. commands are executed.

Command synchronization using *WAT or *OPC? is a good choice if the overlapped
command takes only little time to process. The two synchronization commands simply
block overlapped execution of the command. Append the synchronization command to

the overlapping command, for example:
SINGle; *OPC?

For time consuming overlapped commands, you can allow the controller or the instru-
ment to do other useful work while waiting for command execution. Use one of the fol-
lowing methods:

*OPC with a service request
1. Set the OPC mask bit (bit no. 0) in the ESE: *ESE 1
Set bit no. 5in the SRE: *SRE 32 to enable ESB service request.

Send the overlapped command with *opC .

A w0 DN

Wait for a service request.

The service request indicates that the overlapped command has finished.

*OPC? with a service request

1. Setbit no. 4 in the SRE: *SRE 16 to enable MAV service request.
2. Send the overlapped command with *OpC?.

3. Wait for a service request.

The service request indicates that the overlapped command has finished.

Event status register (ESE)
1. Set the OPC mask bit (bit no. 0) in the ESE: *ESE 1
2. Send the overlapped command without *OPC, *OPC? or *WAT.

3. Poll the operation complete state periodically (with a timer) using the sequence:
*OPC; *ESR?

A return value (LSB) of 1 indicates that the overlapped command has finished.
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