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1 The Need for More Than 8 Channels 

While oscilloscopes now come in 8-channel 

versions in addition to the traditional 4-channel 

models, a variety of applications require 

measurements systems with an even greater 

number of analog channels.  

 

Examples include: 

► Power conversion: 3-phase voltage and 

current, DC link voltage and current, sensors 

► PMICs: Multi-phase Buck converters with 16 

or more phases as shown in the upper right 

image. 

► FPGAs: complex power up/down sequencing 

with surrounding system as shown in the 

image to the right.  

► Embedded systems: multiple measurement 

visibility points needed to simultaneously 

acquire sensors, one or more serial buses, 

I/O and IC signals. 

 

Building Measurement Systems With ≥ 8 Channels 
Primary considerations for multi-oscilloscope measurements include the effort involved for setting up the 

measurement system, potential tradeoffs in functionality, and required timing precision between the 

instruments. This educational note describes four different approaches to synchronize multiple R&S MXO 

4/5/5C oscilloscopes for higher channel count measurements. This document will help you: 

─ Gain an understanding of how to build a multi-scope system  

─ Know which variables should be considered  

─ Understand the tradeoffs with different methods 

 

 

 

 

 

 

Examples of synchronized systems - users can connect any two MXO4, MXO5, or MXO5C instruments using ScopeSync. 

 

  



 

Rohde & Schwarz | Educational Note How to Synchronize R&S MXO 4, 5, 5C oscilloscopes  4 

 

  

2 Methods for Building ≥ 8 Channels Measurement 

Systems 

2.1 Simple Trigger Out to Trigger In 

The simplest and easiest way to connect two oscilloscopes is using a cable to connect the trigger out of 

scope 1 to the trigger in of scope 2. When scope 1 triggers, the instrument sends a pulse on the trigger out 

path.   Set scope 2 trigger to external and it will acquire when it sees the pulse from scope 1. This allows the 

two instruments to acquire signals based on the scope 1 trigger.   

 

 

 

 

 

 

 

 

 

 

 

The trigger point between the two instruments will be off by the amount of time it takes for scope 1 to emit a 

trigger out pulse after the instrument triggers. For R&S MXOs, this trigger delay time can be defined by the 

user. The default value is 800 ns.    

 

It's easy to characterize this trigger out delay in five minutes or less using the method shown in the diagram 

below. Using identical passive probes, connect C1 of each scope to the same fast edge source, such as the 

scope's probe comp signal. 'Edge' trigger both scopes at the same voltage level with identical edge reference 

level. Connect Scope 1 trigger out signal to Scope 2 C2 input. Start a single acquisition. Scope 2 will show 

both the trigger signal and, after a delay, the trigger out signal. Use cursors or delay measurements to 

measure the time between these two edges. This measured value is the trigger out delay time needed to 

align triggers of both scopes to the same point in time.    
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Set Scope 1 to emit a trigger out pulse         Measure the trigger out delay on Scope 2 

  

Measuring trigger skew needs to be done just as single time if the trigger out cable length doesn't change. In the simple trigger out 

trigger in use model, measurements are made on each scope independently. The trigger point provides a common time point between 

both instruments.  

 

 

 

 

 

 

 

 

 

The screenshot on the left shows the skew between the trigger point of Scope 1 and Scope 2 is off by 3ns. Entering an additional 3ns 

skew on all Scope 2 channels skew field (in Vertical dialog, Setup tab) aligns the trigger point across both scopes.    

 

2.1.1 Potential Timing Error Sources in a Single Oscilloscope and Across Two 

Oscilloscopes 

Trigger jitter in a single instrument 

It is important to be aware of potential timing error sources and determine if there's a way to remove these 

errors. For a single R&S MXO oscilloscope, trigger jitter is the variation from acquisition to acquisition of the 

point in time at which the instrument triggers based on a specified trigger event. R&S MXO oscilloscopes 

come equipped with a digital trigger architecture that can pinpoint the exact same trigger point from 

acquisition to acquisition. MXO trigger jitter measures an industry-best < 1 ps rms.      

 

Channel to Channel Skew in a Single Instrument 

Channel to channel skew is potential timing error between multiple channels within a single oscilloscope and 

is specified in the instrument's datasheet. It's typically a very small value. In the case of R&S MXO 

oscilloscopes, for example, it measures less than 100ps.  

 

Trigger skew 

Scope 1 vs scope 2 trigger point is off by 3 ns 

Trigger on C1 

Trigger out pulse comes ~800ns later 

Scope 1 vs scope 2 trigger points aligned 
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Trigger-Out-to-Trigger-In Jitter Across Two Instruments 

Inter-scope trigger jitter is the amount of timing variation two or more scopes have at a trigger point.  While 

one acquisition might have a value of 0 ps, the next acquisition may result in the trigger points of two scopes 

being slightly different in time due to jitter in the trigger out and trigger in circuitry. For R&S MXO 

oscilloscopes, the trigger-out-to-trigger-in jitter is measured at less than 250 ps RMS.   

  

 

Oscilloscope Timebase Accuracy 

A source of timing error between two oscilloscopes comes from the mismatch of their respective timebases. 

The instrument's timebase is determined by an internally generated 10 MHz clocking system. The specified 

accuracy of this clocking system can be found in the instrument's datasheet and is specified in parts per 

million. Using scopes with smaller timebase accuracy errors results in higher precision time measurements. If 

a timebase has accuracy of 1 part per million, it means the actual timebase could vary from the ideal 10 MHz 

value by 10 Hz. So, the real timebase could be at as little as 9.99999 MHz or as much as 10.00001 MHz. 

The period error equals 1/Fmax - 1/Fmin. The potential time error equals the number of clock cycles required 

to capture the acquisition times the clock cycle potential period error. Timebase accuracy error produces 

higher absolute errors the further the acquired time is away from the trigger point. For a scope with timebase 

accuracy of 1ppm and capture in the ms range, timebase accuracy error will be in the ns range. 

 

For measurement systems with two oscilloscopes, 

the total timebase accuracy error is the sum of error 

from each instrument. This is due to a drift between 

the two dissimilar timebases. Using the same 

timebase for both instruments eliminates the 

timebase drift. Users can connect scope 1, 10 MHz 

ref out to scope 2 to synchronize timebases. Scope 

2 will use the exact same timebase as scope 1. This 

eliminates any incremental timing error from having 

different timebases. The setting of the output ref 

clock and using the external ref clock is found in the 

horizontal dialog. 

 

  

 

Trigger event 

Trigger out 
Jitter of 250 ps 
RMS 
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2.1.2 Advantages and Disadvantages of Trigger Out to Trigger In Method 

Advantages:     

─ This method supports a heterogeneous instrument environment.  Users can even pair oscilloscopes 

from different manufacturers.     

─ Little to no reduction of functionality on either scope. 

─ Scales to more than two scopes. 

─ The measurement system works with minimal reduction in overall update rate.     

─ Waveform and measurement persistence work in RUN mode.   

Tradeoffs: 

─ manual effort to determine required trigger deskew value 

─ manual effort to correctly set up triggering across the scopes 

─ manual effort to set up 10 MHz ref clock synchronization 

─ inability to see, measure, and analyze all waveforms on a single instrument. Signals remain isolated 

on the scope that acquired them. There's no ability to easily measure, do math, or analysis across 

the instruments.       
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2.2 R&S ScopeSync for Up to 16 Channels 

R&S MXO oscilloscopes come equipped with a standard feature called ScopeSync. ScopeSync automates 

synchronization tasks and imports analog waveform data to facilitate easy measurements, math, and 

analysis across synchronized oscilloscopes.       

To use R&S ScopeSync with two scopes, make 3 physical connections. 

1. A BNC cable to connect the trigger out of scope 1 to the trigger in of scope 2 

2. A BNC cable to connect 10 MHz ref out of scope 1 to 10 MHz ref in of scope 2. 

3. A LAN cable for inter-scope communication  

 

ScopeSync enables users to quickly bring two instruments together to create up to a 16-channel measurement system with just 3 easy 

physical connections between oscilloscopes.   

 

R&S ScopeSync supports a heterogeneous environment across MXO4, 5, and 5C oscilloscopes. Each 

instrument can have a different bandwidth, sample rate, memory depth, timebase, ADC resolution, channel 

filters, and other attributes. R&S ScopeSync builds on the trigger out to trigger in method. R&S ScopeSync 

automates a number of manual tasks, and after each acquisition imports all analog waveforms to a single 

instrument. Let's take a quick look at the steps using the ScopeSync user interface. 

 

1. On scope 1 access R&S ScopeSync using signal bar "+Scope" field 

or via the application dialog. Both entry points bring users to the same 

to the ScopeSync dialog. 
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2. On scope 1 connect to scope 2 via Ethernet. The 

physical connection can be a direct connect, or connection 

via a shared network.  ScopeSync retains a list of 

previously connected scopes and IP addresses. 

 

3. Connect BNC cabling between the Ref-In/Out and 

Trigger-In/Out interfaces of the primary and secondary. 

You can find this information under 'Cabling.'  Pinch and 

zoom to expand the diagram size for easier viewing as 

shown at the bottom right of this page. 

 

 

 

 

 

 

 

 

 

 

 

4, Enter the IP address or host name of the secondary scope. Press 'Connect' to establish a connection.  

Alternatively, you can look for all MXO4/5/5C scopes connected to the same LAN using 'Find devices' and 

select the desired scope. 
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5. Connect C1 on both scopes using identical passive probes 

to Scope 1 probe compensation signal. ScopeSync uses an 

algorithm that takes 1000 acquisitions and calculates the 

average trigger out delay ensuring that the calculated skew 

value is the mean value.  

The application will automatically enter this value into Scope 

2 skew setting so both scopes are aligned in time at the 

trigger point.      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

With each acquisition, Scope 2 waveforms are imported into Scope 1, so that 

measurements, math, and analysis can be easily made across all waveforms.  
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Run single can be initiated from ScopeSync dialog, 

or from the front panel of Scope 1.  Run mode 

produces sequential Single acquisitions but does not 

support waveform nor measurement persistence.  

 

For instances where users want to adjust Scope 2 settings from the primary scope, 'Web view' pulls up a web 

browser of a remote scope, enabling the user to adjust vertical scale, offset, or any other remote scope 

parameter from the UI of the primary scope.   
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2.2.1 Advantages and Disadvantages of R&S ScopeSync Relative to Manual 

Trigger Out to Trigger In Method 

R&S ScopeSync makes synchronization of two instruments quick and easy. Advantages include:    

─ ScopeSync automates trigger point deskew precisely across instruments 

─ ScopeSync eliminates timebase accuracy drift error across the scopes automating 10 MHz ref in to 

ref out settings 

─ ScopeSync automates import of Scope 2 waveforms into Scope 1 

─ Cursors, measurements, math, and analysis operate seamlessly across all acquired signals.    

Tradeoffs include: 

─ Overall update rate is reduced as new acquisitions aren't made until after import of Scope 2 

waveforms are complete.   

─ Use mode is built for SINGLE acquisition mode. RUN mode is composed of sequential singles, so 

there's no waveform nor measurement result persistence.  

─ Digital channels can be used on Scope 1 but are not imported from Scope 2. 
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2.3 R&S ScopeSync for up to 24 Channels 

ScopeSync can also be used to synchronize up to 24-channel measurements. In the case of more than two 

instruments, a power splitter is required for the trigger out signals, so that all secondary scopes receive a 

clean pulse for triggering. ScopeSync sets the trigger level of the secondary scopes to a value so that trigger 

out work for an incremental one or two scopes. The 10 MHz ref out from scope 1 should also have a power 

splitter for Scope 2 and Scope 3. Below is an illustration with 3 scopes connected. 

 

For both the trigger signal and 10 MHz reference signal, a high-quality power splitter is needed. The splitter 

maintains good signal integrity as it serves as a balanced voltage divider. Signal integrity is preserved going 

from the 50 Ω path to a 50 Ω cable to a splitter to the 50 Ω inputs.  Using a simple BNC T causes impedance 

mismatch. When connected to a single 50 Ω path, MXO trigger out pulse has amplitude of 2.5V. When trigger 

out is connected to two instruments, the splitter divides the trigger out pulse into two pulses of equal 

amplitude of 1.8V.   

 

Using a high-quality splitter as shown able, Scope 1 trigger out pulse has amplitude of 1.8Vpp. ScopeSync sets external trigger edge 

level at 500 mV, so even with a split trigger out signal, there's sufficient signal amplitude to trigger correctly.  

 

 

Trigger out pulse 
after splitter 

External trigger level = 500mV for remote scopes 
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Achieve synchronization of 3 instruments when you: 

1. Connect Scope 2 and make a one-time auto remote skew with Scope 1. With each remote scope 

connection, remote scope trigger and reference clock is set to external.  After disconnect, these settings 

are left in place. 

2. Use '+' to connect Scope 3 and make a one-time auto remote skew with Scope 1. You may connect up to 

11 secondary scopes and have a maximum of 24 synchronized channels to view simultaensoulsy. 

 

3. The ScopeSync app now shows an active connection only with the most recently connected 

secondary scope (in this case Scope 3).   
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   4. Press SINGLE on the remote Scope 2.  It will be waiting for a trigger event. If connecting to more 

scopes, repeat this step for all remote scopes not showing an active connection.   

  

5. Press SINGLE on Scope1.  When a trigger event occurs, Scope 1 will send a trigger out pulse to both 

Scope 2 and Scope 3 enabling each to take a simultaneous acquisition. Scope 1 will automatically 

import Scope 3 waveforms since Scope 3 currently has an active connection with Scope 1. 

6. To import Scope 2 waveforms taken at the same time, go to 'All', choose 'Scope 2' and press 'Get 

Signals'. 

 



 

Rohde & Schwarz | Educational Note How to Synchronize R&S MXO 4, 5, 5C oscilloscopes  16 

 

  

The steps above describe synchronization and import of up to 24 waveforms across 3 scopes.  This 

method can also be used with more scopes, for example, four 4-channel scopes and one 8 channel 

scope. The ScopeSync App supports up to 10 secondary scopes. 
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2.4 Import of up to 32 Synchronized Channels using R&S ScopeStudio 

software 

ScopeStudio is a PC-based application that mirrors MXO 

scope software, but in a Microsoft Windows environment.  

The application is designed as a digital twin of MXO scopes, 

enabling further analysis, documentation, and sharing in a 

PC environment. ScopeStudio also includes nearly all 

ScopeSync functionality found on MXO 4, MXO5, and MXO 

5C oscilloscopes. 

 

ScopeStudio includes "Get session" functionality not found in 

ScopeSync on MXO instruments. Get session imports both 

the remote instrument waveforms and saveset (settings + 

layout + annotations). The remote oscilloscope can be any 

MXO4/5/5C oscilloscope.  

 

 If the remote scope already has imported signals, i.e. up to 

24 channels, the 'Get Session' button will move all the 

waveforms and savesets to the PC application with a single 

tap. 
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The "Get signals" button imports waveforms from a remote 

scope without importing the respective savesets. 

Selecting "Get all signals" triggers the ScopeStudio 

application to import waveforms from all selected scopes,  

up to 32 channels. The following steps illustrates on how this 

can be done, 

       1. Make a connection to each scope sequentially. 

       2. Select the "All" tab in the upper tab row, then select 

which scopes to import signals. Multiple instruments 

can be selected. 

  3.Select "Get all signals." 

 

Important to note, the 'Get signal' imports signals from a 

previous SINGLE acquisition and doesn't force another 

new acquisition.  
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2.5 External Common Trigger Method 

A final method of synchronizing multiple oscilloscopes is to dedicate an analog input or external trigger input 

on each instrument as a trigger source, and then to provide a common trigger to all instrument 

simultaneously. This method provides scalability by adding additional instruments beyond 24 channels. This 

method works well for high channel count systems where programmatic control is planned. 

  

Using external trigger on each scope 

The MXO oscilloscope's 

external trigger requires >250 

mV of amplitude swing. With a 

high-quality 1-to-8 splitter, the 

trigger out amplitude is still 800 

mVpp, more than sufficient for 

external trigger circuit. However, 

the external trigger will have 

more jitter (< 250 ps RMS) than 

triggering on an analog channel 

edge. 

 

 

Dedicated fiduciary channel on each scope 

By trading off one channel on 

each scope, the trigger signal 

can be fed directly to a channel 

for triggering. As channel 

triggers have < 1 ps skew, this 

can be a great approach when 

cross-scope jitter constraints 

are greater. Providing a low-

jitter trigger to all scopes 

simultaneously eliminates trigger 

out jitter. 

10 MHz ref can come from an 

external source, or from scope1 

as long as the amplitude is 

sufficient. 
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3 Measurement System Footprint   

Bringing multiple scopes together can be challenging from a physical space perspective. The combination of 

instruments and the required probe/cable connections can create a congested area. Some ways to mitigate 

using R&S MXO4/5/5C oscilloscopes include: 

─ Stacking instruments. Stack an MXO58 on top of a MXO58C for 16 channels without requiring any 

additional bench space. Stack an MXO58 on top of two MXO58Cs for 24 channels in a compact 

footprint. 

─ Bench shelf location.  Place the MXO5C on a bench shelf, while retaining the MXO58 on the bench 

as shown below. 

 

 

R&S MXO58 scopes can be stacked on top of MXO58C scopes to provide 16 channels without additional footprint space.  Both MXO4 

and MXO5 include integrated VESA mounts for easy equipment suspension from the wall or a bench without requiring any bench 

surface space.    
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4 Programmatic Control 

Users often have applications where they need to automate testing of synchronized systems.  All R&S 

ScopeSync settings have an equivalent SPCI command set. After each acquisition, waveform data is 

imported into Scope 1 for measurements. So, all automated measurements can be done using data from 

Scope 1. R&S offers python and C# drivers for remote control that: 

─ Autocompletes code and variables (minimize typing errors) 

─ Manages error handling in the background 

─ Provides strong types: double, enumeration, etc. 

─ Contains help for SCPI commands 

─ R&S MXO is hosted on pypi.org 

─ Python Drivers: https://pypi.org/user/mmrohdeschwarz/ 

─ C# Drivers: https://www.nuget.org/profiles/MiloslavMacko 

─ Examples: https://github.com/Rohde-Schwarz/Examples/tree/main/Oscilloscopes 

─ Jetbrains Pycharm Plugin: https://plugins.jetbrains.com/plugin/19828-rohde--schwarz-instrument-

connectivity 

 

Conclusion 

When synchronizing oscilloscopes, several factors are crucial for accurate measurements.  R&S ScopeSync 

functionality automates many of the manual tasks.  Additionally, the functionality brings all acquired 

waveforms to a single instrument for viewing, measurement, and analysis.     

 

 

 

https://pypi.org/
https://pypi.org/user/mmrohdeschwarz/
https://www.nuget.org/profiles/MiloslavMacko
https://github.com/Rohde-Schwarz/Examples/tree/main/Oscilloscopes
https://plugins.jetbrains.com/plugin/19828-rohde--schwarz-instrument-connectivity
https://plugins.jetbrains.com/plugin/19828-rohde--schwarz-instrument-connectivity
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