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PREFACE 

Thank you for using  RelaxIS! 

RelaxIS is a rich software suit e that combines  many tools used for the 

evaluation of spectra measured in  Impedance Spectroscopy  experiments . In 

RelaxIS, you can organize and evaluate your measurement results using 

powerful fitting algorithms with models of your choice. Furthermore , RelaxIS 

also offers ad vanced tools that allow further evaluation of the results, as well 

as exporting and reporting functionalities to allow the  presentation of your 

findings.  

This manual first shows  the installation of RelaxIS. It then continues with an 

explanation of the main  user interface and the basic data structure.  

The manual then details aspects of the presentation layer, investigation of data 

quality,  main fitting routines you can use to model your data and how you can 

investigate the quality of the results.  

Afterwards , advanced tools for the further evaluation, presentation of data 

and automation of the evaluations are introduced.  

 

We wish you a good time working with RelaxIS!  
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1 INSTALLATION OF RELAXIS 

1.1  INSTALLATION OF RELAXIS WITH THE INSTALLER 

RelaxIS 3 requires the .NET Framework 4. 7.2 or later and  can therefore  only be 

used on Microsoft Windows 7 SP1 (or  newer).  

 Please note  

Support for Windows 7 will only be held up until December 31 st, 2021. After 

that, new versions of RelaxIS will only function in Windows 10 or newer. We 

recommend  updating to Windows 10, to not miss out on new RelaxIS 

features.  

 

Please open the installer by double -clicking the RelaxIS _3_0_xx_xx Install.exe . 

The location of the installer on your system depends on your chosen 

distribution system. If you have received  a CD or flash -drive , the installer can 

also be started  by using the Autostart feature of Microsoft Windows.  

 Please note  

For Windows 7 users, a separate installer is required. The RelaxIS version 

installed from the normal installer will not work on Wind ows 7! If you have 

not received the correct download link, please contact rhd instruments for 

advice.  

 

To use RelaxIS , you need to have the Microsoft .NET Framework 4. 7.2 or later  

installed on your system. The installer checks if the framework is installe d on 

your system. If it is not installed properly you will be prompted  to download 

the installer from the web . If you have received a flash -drive or CD, you can 

also find the .NET Framework installer in the folder  

CD-Drive: \ .NET Framework \  

If you receive d your copy of RelaxIS without the .NET Framework Installer 

please visit  
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https://dotnet.microsoft.com/download/dotnet -framework/net48  

and download the .NET Framework Runtime install er. Run it and follow the 

instructions to install the .NET Framework.  

After the .NET Framework is installed, please perform the following steps in 

the RelaxIS installer:  

1. Accept the RelaxIS program license  

2. Select an installation path on your hard disk.  

3. Choose if shortcuts for RelaxIS should be created.  

4. Choose if you want to associate .EIS3 files (RelaxIS 3 project files) with 

RelaxIS. This allows you to open .EIS3 files with RelaxIS by double -

clicking on them.  

5. Begin the installation process  

While installing  RelaxIS, you will be prompted with the Code Meter Runtime  

installer. This runtime is required for the hardware Dongle you received with 

RelaxIS to function properly. You can find further information in section 1.5. 

Please follo w the installerõs instructions, using the default settings to install 

the runtime. Once finished, the RelaxIS  installation will continue.  

Finally,  you can either directly launch RelaxIS from the installer or use the 

shortcuts created in the Start Menu or o n the Desktop.  

1.2  RELAXIS WITH ONLINE ACCESS 

If you have received account information for using RelaxIS with an online 

license (e.g. a Trial Version), please  make sure that òSetup for Online Accountó 

is selected in the feature selection during the installatio n. 

If you have not received a link to download the installer, please contact rhd 

instruments.  

After the installation, please launch RelaxIS from the installer or use the 

shortcuts created in the Start Menu or on the Desktop.  

During start -up, you will be pr ompted for your account details. Please enter 

them exactly as received and click on the Connect  button. This will start a 

https://dotnet.microsoft.com/download/dotnet-framework/net48
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client software, that will connect to the rhd instruments license server to 

validate and access the license.  

RelaxIS should now start automatically. If the connection is successful, but 

RelaxIS does not start, please click Retry .  

If you cannot start RelaxIS, please check  

https://www.rhd -instruments.de/relaxis -online -guid e 

for further information and trouble -shooting instructions.  

Here, note especially to run the tests provided by the trial client software. Find 

the trial client in the notification area (systray) and double -click the icon to 

show the window. Click Advance d Ą Run Tests. Please provide the test log to 

rhd instruments.  

 Please note  

If RelaxIS is very slow to start -up, or it takes a long time for functions to 

work , it may be caused by high latency or slow speed of your network. 

RelaxIS needs to communicate w ith its license server multiple times, leading 

to delays.  

For high latency, RelaxIS may take several minutes to start up.  

We understand, that this is not really usable. If you experience poor 

performance, please contact rhd instruments. We may be able to p rovide you 

with a hardware dongle or custom solution, which allows you to use RelaxIS 

locally. This applies to both the full version as well as the trial version!  

 

1.3  PORTABLE VERSION OF RELAXIS 

In many restricted environments , a normal installation of Relax IS is hardly  

possible. For this reason , a portable version of RelaxIS is also provided.  

 Please note  

The portable version of RelaxIS is discontinued after version 3.0.15.  

 

https://www.rhd-instruments.de/relaxis-online-guide
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This version differs  from the normal version in some ways:  

¶ No installer is provi ded. The files need to be extracted from a .ZIP -

archive  to the desired program location by hand.  

¶ You cannot update the program via the implemented update 

mechanism.  

o You can check online for a  new version  

o You then need to contact the rhd instruments  for mor e 

information on how to obtain the new version . 

¶ All required user files are created directly in the directory that RelaxIS 

was extracted  to. Therefore,  permanent read/write access  to the install 

directory must be provided  (e.g. donõt place the folder in the Programs  

directory, but in a directory like C:\ RelaxIS\ Portable ) 

¶ All settings are shared between all users of the particular installation. In 

order to use multiple settings,  you need to copy RelaxIS Portable into 

multiple directories.  

¶ Online access , as described in 1.2, should work. If you experience any 

problems, please contact rhd instruments.  

To install the portable version  please follow these steps:  

1. Open the installation medium in the Windows Explorer and locate the 

òRelaxIS Portableó directory. 

2. Find the .ZIP file in this folder.  

3. Use an extraction method of your choice, such as the one integrated into 

the Windows Explorer  to extract the contents of the archive to a location 

of your choice.  

4. Navigate to the extraction destina tion.  

5. Start RelaxIS Portable by double -clicking òRelaxIS.exeó. 

6. Optional: Create a Desktop -shortcut by right -clicking òRelaxIS.exeó and 

choosing òSend toĄDesktop (create shortcut)ó. 
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1.4  POSSIBLE ISSUES 

¶ Administrator privileges  are required for the installation.  You may 

need to contact your system administrator if you do not have the 

necessary privileges on your user account.  

¶ You can also try to use the portable version of RelaxIS. You can find this 

version on the installation medium provided to you.  

 Please not e 

If you experience any problems please check the following steps:  

¶ Are any files or directories marked as read-only?  

o If so, unmark the read -only attribute.  

o Do you have unlimited access to the folder you copied RelaxIS 

to? If not, please move RelaxIS Porta ble to another location.  

¶ Is it possible to read/write to the Windows registry (Current user)?  

o If not, please contact your system administrator for help.  

¶ Are you using RelaxIS from a shared network folder?  

o It is possible to use a network -wide implementation  of the 

Dongle.  

o Please contact rhd instruments for further details.  

 

1.5  THE CODEMETER DONGLE 

In order to use RelaxIS you need to connect the CodeMeter Dongle  that was 

provided by rhd instruments to a free USB -Port on your computer. The 

CodeMeter Dongle is a product of the Wibu Systems AG  and is used as a 

licensing tool for RelaxIS . In order for the Dongle to work , the CodeMeter 

Runtime  must be running on your computer. The RelaxIS installer 

automatically installs th is necessary, lightweight software. In case of the 

Portable version additional steps may be necessary (please see below  in section 

1.5.3 ). You can find further information about the CodeMeter system at 

http://www.wibu.com . You can also  download additional software that allows 

more control and management services for your Dongle.  

http://www.wibu.com/
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On every program start RelaxIS checks if the correct Dongle is connected to 

the computer , or via  the online access . If the Dongle was not found, you will 

not be  able to run RelaxIS or the Circuit Simulator.  

 Please note  

If the Dongle is not accessible, RelaxIS ceases to function. Usually it is 

possible to resume the session by reconnecting the Dongle and clicking Retry  

in the warning dialog.  

In some cases, e.g . after resuming Windows from Standby, or Hibernation it 

may take up to a minute  for the warning dialog to appear, especially when 

an online license is used. Please be patient.  

In rare cases you may experience problems , which cause  RelaxIS to  freeze 

perman ently.  Please make sure to save your work frequently to avoid data 

loss.  

 

1.5.1  UPGRADING THE RELAXIS LICENSE 

In order to upgrade your RelaxIS license from, for example, the trial version to 

the full version , it is not necessary to physically alter the Dongle y ou are 

already using. Usually rhd instruments will provide you with an update file 

that can be used by the rhd instruments License Manager  to upgrade your 

Dongle.  

The License Manager can be started from  the Windows Start menu.  

If you have already received the upgrade file  (.WibuCmRaU)  please perform the 

following steps to upgrade your Dongle:  

1. Make sure the CodeMeter Dongle is correctly plugged into your 

computer.  

2. Save the upgrade file  you received  on your computerõs hard drive. 

3. Open the rhd instruments Lice nse Manager.  

4. Under the heading òActivate a new licenseó click the òéó-button and 

select the upgrade file.  

5. Click the òActivateó-button.  
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The upgrade included in the upgrade file is then performed on your Dongle 

and you will be able to use the newly activated  features immediately.  

1.5.2  REQUESTING A LICENSE UPGRADE 

In some cases, rhd instruments will ask you for a so-called  Context File before 

an upgrade can be provided for your Dongle. This Context File  (.WibuCmRaC)  

contains information needed to create the upgrade  file. The Context File can 

be easily created using the rhd instruments License Manager . 

The License Manager can be started from the Windows Start menu.  

To create a context file please perform the following steps:  

1. Make sure the CodeMeter Dongle is correctl y plugged into your 

computer.  

2. Open the rhd instruments License Manager.  

3. Under the heading òCreate a license requestó click the òéó-button and 

select the path where you wish to create the Context File.  

4. Click the òCreateó-button.  

5. You will find a new file at  the specified location, called  

òCmDongleUpdate20140423_0001.WibuCmRaCó or similar. 

6. Send this file to rhd instruments to receive your Dongle upgrade file.  

To upgrade your license afterwards please follow the steps explained above in 

chapter  1.5.1 . 

 

1.5.3  SPECIAL NOTES FOR THE PORTABLE VERSION 

In order for the portable version of RelaxIS to function properly the CodeMeter 

service  needs to run on your system. Usually , this service is installed as a 

Windows service together with RelaxIS. However, since the portable version 

does not require an installer this is not the case here. The service should 

nevertheless be automatically started each time you launch RelaxIS. In some 

cases, this fails and RelaxIS will prohibit the use of the software because it 

canõt properly communicate with the hardware Dongle. In this case it is 

necessary to start the service manually. This can be done by manually 
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launching the file òCodeMeter.exeó in the RelaxIS Portable directory. The 

CodeMeter Runtime runs silent ly in the background and RelaxIS should start 

afterwards.  

In order to avoid the manual launch of òCodeMeter.exeó after every reboot you 

can add a shortcut to the Windows Autostart folder. To do so please follow 

these steps:  

1. Open the RelaxIS Portable direct ory in the Windows Explorer.  

2. Right -click on the òCodeMeter.exeó and select òCreate shortcutó 

3. Right -click on the newly created shortcut and select òCopyó 

4. Press WindowsKey+R or select òRunéó from the Start menu. 

5. Type in %AppData% and press OK.  

6. In the folder that is opened navigate to Microsoft \ Windows \ Start 

Menu \ Programs \ Startup (note that this folder may be called differently 

depending on your Windows localization)  

7. Right -click in the explorer window and select òPasteó 

Now the CodeMeter Runtime will be starte d automatically each time you start 

Windows.   
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2 IMPORTANT NOTES FOR USERS OF RELAXIS 2.X 

RelaxIS 3 contains practically all functions of RelaxIS 2.x, sometimes however 

in slightly modified form. Some functions have changed as well.  

Most importantly, the file format that RelaxIS data is saved in has changed. 

Older .EIS files can not directl y be loaded in RelaxIS . They can however be 

easily converted to the new .EIS3 format. In RelaxIS 3 open the File  menu in 

the top -left corner and select Convert .EIS (2.0) files . In the dialog click the 

Selecté button and choose any .EIS files you wish to c onvert. Click the 

Convert  button. RelaxIS will convert the files and place new .EIS3 files in the 

same directory as the source .EIS file.  

Further important changes or redesigns in regard to RelaxIS 2.x are:  

¶ Arrhenius/VFT -Fits  are incorporated in the Furthe r Result Evaluations  

functionality (see section 12.7 ). 

¶ The  Circuit Element Designer  is replaced with plugins created using the 

RelaxIS SDK (see section 22). Existing user -created elements need to be  

redone in the new format.  

¶ The RC- and Cole -Cole -wizards  are currently not included but will be 

added in further patches (wizards can now also be created by yourself 

using the RelaxIS SDK).  

¶ Area and Thickness parameters are now saved individually per 

spect rum and are used more extensively.  

¶ The definitions (formulas) for the Warburg Open  (Wo) and Warburg 

Short  (Ws) circuit elements have changed. You can find the updated 

formulas in the appendices. The changes mean that you cannot  directly 

compare parameter v alues for Wo - and Ws -elements between RelaxIS 2 

and RelaxIS 3.  
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3 BEHAVIOR IN CASE OF PROGRAM CRASHES 

On rare occasions RelaxIS might encounter a problem that necessitates a 

program restart. These problems are called unhandled exceptions because they 

occur a t a point in the program and in a way, that was not anticipated during 

development.  

After such a failure RelaxIS is in an undefined state  because the program did 

not continue to run to a defined point and could have left program memory in 

an intermediary state which effects other parts of RelaxIS. Therefore, the 

correct functioning of other functions or calculations in future actions can not 

be foreseen . Hence, continuing using RelaxIS from such an undefined state can 

lead to a variety of obvious or hidden  problems from wrong calculation results 

to data corruption when the current data is written back into the EIS3 database.  

Up to version 3.0.7  the policy of RelaxIS when an unhandled exception 

occured was therefore to  

1. Try to create a backup save of the curr ent data in the 

UserData \ Recoveries folder  

2. Allow the user to send a bug report  

3. Force an immediate shutdown of RelaxIS  

From version 3.0.7 onwards  this behavior is being changed to  

1. Create a backup save of the current data in the UserData \ Recoveries 

folder  

2. Al low the user to send a bug report  

3. Give the user the option to either shutdown RelaxIS immediate or 

continue using the program at own risk  
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When an unhandled exception occurs a dialog pops up that informs you of the 

type of error encountered and the path o f the recovery save.  

 

Sending a bug report is highly recommended because it allows us to know of 

the bug and fix it. If you like to receive feedback from us about the problem 

you have encountered or allow us to ask about further information please 

enter y our mail address into the field. You are also asked if you would like to 

include todays log file, which may contain helpful details for us.  

You can also enter additional information into the message field. Helpful 

information includes for instance a descri ption under which circumstances 

you encountered the error (e.g. which component of RelaxIS you were using). 

The more details, the better. Thank you!  

 

 

 

After sending (or not sending) the bug report, you will be asked if you would 

like to continue on fro m this point or if you want to close RelaxIS down now.  



Behavior in Case of Program Crashes  

 

12 
 

 

 

We highly recommend  that even if you continue running RelaxIS you just 

use the time to save your work and then restart RelaxIS as soon as possible.  

 

When you try to save data from an undefined state  into the same project folder 

you will see a warning asking you if you want to continue. This is to avoid you 

overwriting ògoodó data with possibly corrupt data. Saving from an undefined 

state does not neccesarily lead to corrupt data, but the possibility canõt be 

excluded either.  

A better option is to save the data as a new project folder under a different 

name and after restarting RelaxIS carefully checking if the data has been saved 

correctly.  
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4 THE MAIN USER INTERFACE 

When you start  RelaxIS you will be g reeted by the Welcome Dialog. Here you 

can quickly create a new project folder, open an existing one or access the 

manual. If you donõt want to see this dialog every time RelaxIS is opened , 

please mark the òDonõt show this dialog againó box at the bottom right, and 

close the dialog. You can re -enable the Welcome Dialog using the òGeneral 

Optionsó tab of the Settings dialog. 

The main user interface of RelaxIS is ð by default ð divided into four parts . 

 

1. The Ribbon Bar  

Grants access to all functions  of RelaxI S through the various tabs. Not 

all functions are accessible at any time . This depend s on loaded data, 

assigned models and so on. Unavailable items are grayed out.  

Some buttons are  divided  into a top and bottom half, where the bottom 

half usually grants qu ick access to default behaviors of the function.  

2. The Parameter Explorer  

In this window , you manage parameter values of assigned models and 

can inspect fit results. It is also used for some helper functions.  

3. The Data Explorer  

This is the main graph window t hat displays loaded data and fit curves. 

It is also used for advanced features like some initial parameter helpers 

or modification of the active frequency range.  
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4. The Spectra Explorer  

In this window , you manage the data of the current project. At the top,  

you can access a dropdown menu that lists all currently present models 

in the project, while the bottom table shows all spectra that are currently 

assigned to the active model. From this table,  you select the currently 

active spectrum you want to work with.  

You can also add data by drag & dropping files  onto the table.  

 

You can rearrange the windows  by clicking and dragging their title bars. You 

can leave the windows as floating windows, or dock them to other parts of the 

GUI. By clicking the needle icon in the title bar of the windows, it is also 

possible to retract the window into side bar. You can then show the window 

again by moving the m ouse onto the flag at that side  that represents the 

retracted window.  

If you close one of the windows, you can reopen  them using the button on the 

Windows  tab of the main r ibbon bar. 

If any of the windows were moved into unreachable positions or are 

completely invisible you can reset the window settings  by clicking the Reset 

Window Positions  button on the Windows  tab of th e main ribbon bar.  

This tab also allows you to enable the Multi -Monitor Mode . This button simply 

stretches the RelaxIS window automatically over all currently connected 

screens.  
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5 RELAXIS DATA  STRUCTURE 

Data is stored and worked on as single spectra  in Relax IS. The general data 

structure can be visualize d using a tree structure.  

 

5.1  SPECTRA 

Spectra contain information like raw impedance data as well as metadata. 

Metadata consists of secondary variables like temperature or DC bias that can 

be assigned in RelaxIS  or read directly from the data  source.  

5.2  MODELS 

Spectra are assigned to models . This allows working with more than  one model  

at a time. Spectra can be moved between models  or duplicated in order to try 

fitting the spectra with different models . 

5.3  PROJECTS 

The models  are themselves  organized into projects. The projects may for 

example represent different dates, test series or similar.  Projects also contain 

a Result Library, see section 15. 

5.4  PROJECT FOLDERS 

The projects are then  stor ed in a project folder, which represents a physical 

file on your hard drive . These files are SQLite databases  - a type of relational 

databases. SQLite is an open database format. It has the advantage of requiring 

no further configuration on the machine, wh ile at the same time offering fast 

and reliable data storage capabilities. Project folder s have the file ending .EIS3.  

Spectra

Models

Projects

Project folder SQLite database
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6 DATA MANAGEMENT 

6.1  MANAGING PROJECTS 

 

Use the buttons in the main  ribbon bar õs Main  tab  to create a New  project 

folder, to Open  an existin g one or to Sav e the current project folder.  

You can furthermore  access the project management interface that allows you 

to add projects to your project folder, remove existing ones or switch between 

them  by using the Manage projects  button . 

 

 Please note  

Before you can access the Project Management dialog , you have to save the 

project folder first. Only the currently active folder is held in memory, while 

the inactive ones are stored in the database. Therefore,  you canõt have more 

than one unsaved projec t opened at a time.  
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Use the + and ī buttons to add or remove projects from the project folder. 

Select a project and click on Switch project  to change the currently active 

project.  

You can also edit the project names and comments through the respective 

interface s. 

 Please note  (IMPORTANT)  

The SQLite databases do not support concurrent access from multiple 

clients! You should strictly avoid accessing the same database from 

multiple instances of RelaxIS , or even from multiple computers using 

shared netwo rk -resources . Doing this can lead to data loss, since altered data 

in a project is stored in the computerõs memory and not directly in the 

database. Saving the project again will overwrite changes  made and saved 

by another client.  

When a database is opened  in RelaxIS, it will be flagged as opened and other 

users will receive a warning. If RelaxIS is not closed properly these flags may 

persist  even after the database is not in use anymore. Therefore , the locks 

may be ignored, but please do so only after maki ng sure no one else uses the 

database.  

 

6.2  ADDING DATA TO A PROJECT 

Most data management like adding, changing or removing data is performed 

using the buttons in the Data and Quality  tab of the main ribbon bar.  

 

You can add impedance spectra to RelaxIS by clicking the Add  button  from 

the Data and Quality  tab , by copying text -based data into the Windows 

clipboard and selecting Load from clipboard  or by pressing Ctrl+V  after 

copying the data.  
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6.2.1  KNOWN DATA FILE FORMATS 

RelaxIS supports several different data fil e formats, that can be read directly, 

sometimes including metadata.  You can define additional formats using the 

RelaxIS SDK . 

The supported formats are:  

¶ Nova RelaxIS Export (Metrohm Autolab)  

¶ .EPS (Novocontrol WinDETA binary data file)  3rd party  

¶ .DCD (Novoco ntrol DETAchem  binary data file)  3rd party  

¶ Novocontrol WinDETA ASCII export file  3rd party  

¶ .ISM (Zahner Zennium binary data file)  3rd party  

¶ .MPR (BioLogic EC-Lab binary data file)  3rd party  

¶ BioLogic EC-Lab© ASCII export file  3rd party  

¶ hcDLL result files (r hd instruments GmbH & Co. KG)  

¶ .NOX (Metroh m Autolab Nova) 3rd party , see note  [1] 

¶ .Z (Scribner ZView ASCII data file , Modulab ZView Export ) 3rd party  

¶ .DTA (Gamry instruments data file)  3rd party  

¶ Digatron .CSV export files  3rd party  

¶ .IDF, .IDS (Iviumstat)  3rd party  

¶ .SPEC (Sciospec) 3rd party  

¶ Solartron Versastudio  ASCII export ( Freq|Zre| -Zim or Zre|-Zim|Freq)  3rd party  

¶ .psession (PalmSense data files) 3rd party  

[1] Reading of NOX files can be improved by installing the Metrohm Nova 

software on the same PC as RelaxIS. 

 Please note  

Not all file formats are officially specified by the respective manufacturer. 

Therefore,  no guarantee can be given for the correct reading of all data files 

in every circumstance.  Please check the imported data carefully.  The 

format s are also subject to change when the manufacturer õs software is 

updated, thus breaking the support. Please notify rhd instruments when you 

encounter any problems and check the imported data carefully.  
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6.2.2  UNKNOWN DATA FILE FORMATS 

If you try to load an unkn own data file you will be presented with the Unknown 

File Dialog. This dialog allows you to load arbitrary, column -based data files.  

 

 

 

To load data from the file, perform the following steps:  

1. Select the correct delimiter using the options in the bottom -r ight corner . 

2. Select roles for the columns using the comboboxes above each column . 

a. You need to designate  suitable value combinations that allow the 

calculation of the impedance . 

b. The OK buttons will be activated if a suitable combination is 

selected . 
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c. You can  use preset combinations from the dropdown -menu at the 

top -right . 

3. Select columns  containing metadata for the spectra  (e.g. Temperature, 

DC voltage) . 

a. The values in each column will be averaged and assigned to the 

extracted spectra . 

b. Empty columns will be ign ored as best as possible . 

c. Additional metadata for all spectra can be added using the Static 

Metadata  button.  

4. Define if the data should be split into single spectra by RelaxIS using the 

options in the bottom -left . 

a. Automatic splitting uses hard steps in the frequency list to 

determine splitting points . 

b. You can set the number of datapoints per spectrum if this fails . 

c. You can choose not to split the data at all, resulting in one 

spectrum with all loaded points . 

5. Click OK (This file)  to accept the selection for t his data file only, or OK 

(All files)  to remember the selection for further unknown data files in 

this loading step . 

6. You can also choose to skip this unknown file or all unknown files using 

the appropriate buttons . 

6.2.3  MODIFYING THE DATASOURCE FORMAT  

By defaul t,  the path of the file that contained the spectrum is displayed as the 

Datasource property of each spectrum. If a file contained more than one 

spectrum, a running index is added to the filename. You can change the format 

of the filename using the Settings  dialog, available from using the Settings 

button  on the Main  tab.  

In the Settings dialog select Value formats and edit the Filename Datasource 

Format  section. You can enter a format string using various tags, that are  

always  lead by a #  character. The pos sible tags are (as an example the file 

C:\ Test1\ Test2\ test.txt , containing multiple spectra  is used):  
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Tag  Meaning  

#F The full folder, e.g. C: \ Test1 \ Test2  

#1 The last folder in the path, e.g. Test2  

#2 The second to last folder in the path, e.g. Test1  

#3 The third to last folder in the path, e.g. C:  

#N The filename without extension, e.g. test  

#E The file extension, e.g. .txt  

#P The running index of the extracted spectra, e.g. 1, 2, é 

 

You can combine these tags with arbitrary text to produce the for mat of your 

liking. Some examples are:  

Datasource format string  Result  

#F\ #N#E_#P C:\ Test1 \ Test2 \ test.txt_1  

\ #1\ #N#E (#P) \ Test2 \ test.txt (1)  

#N from folder #F of type #E 

(Spectrum no. #P)  

test from folder C: \ Test1 \ Test2 of 

type .txt (Spectrum no. 1)  

 

6.2.4  BEHAVIOR OF DATA FILES AFTER BEING ADDED TO RELAXIS 

Once data files from your disk were added to RelaxIS, the data in RelaxIS holds 

no tie to the actual files  on your drive. The active project is held in memory, 

while inactive projects in the project folde r are stored in their respective 

SQLite database. This means that you are free to move, delete or rename the 

files on your drive, without any data being altered in your RelaxIS project. The 

same is true for the opposite direction. No source file on your dr ive is altered 

by adding it to RelaxIS, even if the actual data in RelaxIS is modified. The data 

files are opened as read -only and are never modified . 

6.2.5  EXTRACTING METADATA FROM FILENAMES 

RelaxIS offers a method to automatically extract metadata values from the 

source file names when importing new files. Values are selected in the filename 

by means of a user -defined Regular Expression (RegEx).  
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 Please note  

Explaining the full syntax of regular expressions is beyond the scope of this 

manual. However, given that they are a very common concept in computer 

languages, abundant resources can be found online. For example:  

Quick reference:  

https:// docs.microsoft.com/en -us/dotnet/standard/base -types/regular -

expression -language -quick -reference  

Regex Tester:  

https://regex101.com/  

 

Regular expressions define a contents of a text in a more abstract way. For 

example  the text òTest12345ó could be seen as òSome upper- or lowercase 

letters followed by some numbersó. A regular expression is a way to express 

such abstractions as a universal expression, in this example the corresponding 

regex would be ò[A-Za-z]+[0 -9]+ó. Once defined, software can check of an input 

string matches the regular expression. For example, the text ò12345Testó 

would not match, because it is not letters followed by numbers.  

Further, regular expressions can define so -called capture groups, which are 

usually introduced by brackets, e.g. ò[A-Za-z]+ ([0-9]+ )ó. Here, the numbers after 

the letters would be captured in a group and therefore extracted by the 

software.  The groups can be given a name by adding ?õNameõ to the beginning 

of the group, e.g.: ò[A-Za-z]+(?õMyName õ[0-9]+ )ó. 

In RelaxIS, such named  capture groups are used to define which values should 

be extracted for which metadata  field . The group names should correspond to 

the common metadata abbreviations like T or FV. If the values of the captured 

groups are numerical then RelaxIS can parse them and assign the values to the 

respective field. In addition to the metadata abbreviations, a group named 

òDATASOURCEó can be used to assign a part of the input to the data source 

field.  

To define the regular e xpressions used for parsing filenames, open the settings 

dialog from Main -> Settings  and then Data & Import. Here find the òMetadata 

https://docs.microsoft.com/en-us/dotnet/standard/base-types/regular-expression-language-quick-reference
https://docs.microsoft.com/en-us/dotnet/standard/base-types/regular-expression-language-quick-reference
https://regex101.com/
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from Filenameó panel. The regular expression is entered into the Regular 

Expression  field. If the Match full path box  is activated, the input to the  regex 

contains the full path instead of just the filename. This is useful if relevant 

information is contained in the path. Please note though, that your regular 

expression must parse the full path in this case!  

The Datasource p refix  input allows you to add a fixed text in front of the 

potentially captured data source field.  

To make designing the regular expression easier, you can click on the é button 

next to the input field to show a designer window.  

The designer al lows you to enter the regular expression as well  as a test  st r ing. 

The test  st r ing is automat ical ly populated with the path to the source f i le of  

the f i rst  spect rum in the current  project , i f  there is one.  

 

You can change the test  st r ing however you l ike. While you enter  the test  st r ing 

or  the regular  expression, RelaxIS wil l  automat ical ly t ry i f  the regex matches. 

If  i t  does, al l  captured groups wil l  be evaluated, and the resul ts placed into the 

f ields table. If  the regex doesnõt  match the test  st r ing, or i f  no groups are 

captured a warning is displayed next  to the input  f ield. 
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If  the groups are captured, but  the name wasnõt  recognized, a quest ion mark 

wil l  be placed next  to the name. 

You can also check the Value (Number) column to check i f  the value is correct ly 

parsed to a number. 

6.3  AUTO SAVES 

If enable d in the Settings dialog under MainĄSettings ĄGeneral  the currently 

loaded project folder can be automatically saved as a copy every n  minutes. 

The data can either be saved into the user data folder (commonly in the My 

Documents folder), or alongside the al ready saved source file. Auto saves do 

not alter the manually saved project folder!   If the data is saved in the user 

folder an individual file per running instance of RelaxIS is created. The names 

of these files are chosen as follows:  

1. The saving instance of RelaxIS ( RxS) gets a list of all running RelaxIS 

processes.  

2. This list is sorted by the start time of the process.  

3. RxS determines its position in this list.  

4. The auto save file is named òAutosave Instance X.eis3ó, where X is the 

position determined in st ep 3.  

This method ensures that all currently actively used data files are auto saved 

and the different instances of RelaxIS donõt overwrite each other. At the same 

time, the number of created files stays at a minimum.  

6.4  THE SPECTRA EXPLORER 

The loaded spect ra are listed  in the Spectra  Explorer window together in  their 

respective models .  
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The list shows all metadata associated with each spectrum. You can switch 

between models  (once created) by clicking the model  designation and selecting 

another model  from the dropdown menu.  

The òx columns hidden ó button allows hiding metadata columns, for which 

no spectrum in the list has a value.  

You can move spectra in the list  by using the up/down buttons in the top -right 

corner.  

The Fitted? column displays whether or no t the spectrum has an up -to -date 

fit, white the Lower  and Upper frequency limit columns display the active 

frequency limit in which fits are performed. This will be further explained in 

section  10.5 . 

RelaxIS distinguishes betwe en the Active Spectrum  (or Current Spectrum ), 

which is displayed at all times in the Data Explorer  plot , selected Spectra , 

which you can select from the list of spectra using the CTRL, SHIFT (while 

selecting files with the mouse) or CTRL+A keys, and non -selected spectra.  

6.4.1  COPY & PASTING SPECTRA 

Spectra can be copied to the clipboard and pasted into the same or other 

Spectra Explorer windows. This can be in another open instance of RelaxIS, or 

you can e.g. switch the active project of the current project fold er after copying 

spectra and paste them into the other project.  

To copy spectra, select them in the Spectra Explorer window (select multiple 

by holder CTRL), then right -click and select òCopy spectra to clipboardó from 

the context menu.  
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To paste the spect ra, navigate to the target Spectra Explorer, right -click in it 

and select òPaste spectra from clipboardó. An exact copy will be created in the 

target Spectra Explorer.  

6.5  THE SPECTRA SELECTION DIALOG 

Many features of RelaxIS can be applied to multiple spectra  at a time. To this 

end you will often encounter the Spectra  Selection dialog . The dialog allows 

you to define a specific selection of spectra and is split into three pages, where 

pages 2 and 3 are optional.  At any point,  you can preview the current select ion 

using the Preview selection  button from the toolbar. You can save and load 

settings as well  by using the corresponding buttons.  For small, temporary 

changes you can quicksave and quickload a configuration by using the MS/MR 

buttons in the top -right cor ner of the window.  

 

The first page (or tab)  designates the overall selection scheme. Not all 

operations allow the selection of All spectra , since they can only work if the 

spectra are assigned to the same model . Under  and Over current spectrum  

refer to th e Active Spectrum and select all spectra in the current model  into 

the  chosen direction , including  the Active Spectrum.  
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The second page allows a refinement of the selection by using the metadata 

available for the spectra. You can enter selection rules b y three steps:  

1. Select a metadata category like temperature or dc voltage . 

2. Select a Boolean operator like òequalsó or ògreater thanó. 

3. Enter  a value  to  compare the metadata with . 

You can also choose if spectra are selected only when they match  all rules 

(meaning an AND concatenation of the rules) or if they should be selected if 

they match  any one of the rules (OR concatenation).  

 

The third page allows sorting of the selected spectra. The spectra can be sorted 

by various properties and in either ascending o r descending order for each 

selected property. The sorting steps are performed from top to bottom in the 

list. In the example image above all spectra are first sorted ascending by 
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temperature. Spectra with the same temperature are afterwards sorted 

descend ing by Area . You can remove steps from the list using the green button 

in the middle.  

6.6  REMOVING DATA FROM THE PROJECT 

Spectra can be removed from the project permanently by selecting the spectra 

in the Spectra  Explorer list and either clicking Remove  from t he Data and 

Quality tab or by pressing the Delete key.  

 Please note  

Deleting spectra from your project CANNOT be undone! All fits or metadata 

is permanently lost and you need to add the original data file to RelaxIS again 

and redo the changes made to it yourself.  

 

6.7  REMOVING DUPLICATE SPECTRA 

You can search for and remove duplicate spectra in the project by clicking the 

Search Duplicates  button on the Data and Quality  tab of the main ribbon.  

In the dialog,  you can select the basis on which duplicates are i dentified. Two 

spectra must match perfectly in the selected attributes like data or metadata 

in order to be classified as duplicates. Click Start  to begin the search.  

If duplicates are found they are listed under the heading of the first found 

spectrum of each set of duplicates. To remove duplicates, uncheck  the box in 

front of the name. By default, only the first found spectrum of each set is kept. 

After you made your selection, please click OK to remove all unselected 

spectra from the project.  

6.8  MODIFYING METADATA  

You can modify metadata associated to spectra using the Change metadata  

and Spread parameters  buttons in the Change spectra  section of the Data and 

quality  tab.  These functions are also available from the context menu in the 

Spectra  Explorer window  (right -click a spectrum to open it).  
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Furthermore, you can enter the metadata values directly in the Spectra 

Explorer window by double -clicking the respective value  or clicking the cell 

and just start typing. By default, RelaxIS hides metadata columns that  contain 

no data. To enter values for these, first unhide the columns  by clicking the 

blue button in the top right of the Spectra Explorer list. After entering the data, 

you can safely hide the remaining empty columns again.  

The Change  metadata  dialog allo ws you to set or change metadata for one or 

more spectra using different methods.  

 

To change metadata, please perform the following steps:  

1. Select the parameter you want to change with the combobox at the top . 

2. Select a modification method using the second dropdown menu . 

a. Setpoint  sets the variable to a specific value . 

b. Additive  adds a specific value to the current value of the 

parameter. If the parameter is currently unavailable for a 

spectrum, it is set to the selected value instead.  

c. Multiply  multiplies the current value with the selected value. If 

the parameter is currently unavailable for a spectrum, the 

spectrum is ignored.  

d. Ramp starts with the first entered value for the first selected 

spectrum and then continuously adds the dV value to create a 

ramp of v alues.  
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e. Rounding allows you to round the metadata value to a given 

number of (significant) decimal places.  

f.  By Formula lets you enter a mathematical formula to calculate the 

metadata value for a spectrum.  

g. From List  lets  you enter, or more likely, paste a li st of values that 

are assigned from top to bottom to the selected spectra.  

h. You can Remove a Metadata  value from the spectrum entirely.  

Click Select targets  button to be led to the Spectra  Selection dialog  and choose 

the spectra to change. In case of the Ra mp and From List method s, keep the 

sorting order of the selected spectra in mind.  

 

The Spread parameters  dialog in turn allows you to spread spectrum 

parameters like frequency limits or fixed fit parameters to other spectra in the 

same model .  

 

To do this , please perform the following steps:  

1. Select the source spectrum in the Spectra  Explorer as the active 

spectrum . 

2. Click the Spread parameters  button . 

3. Select one or more parameter types to spread . 

4. For parameter values and limits you can choose, if spreading should be 

done for all parameters, or for fixed/non -fixed parameters only.  
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5. Click the Select targets  button to be led to the Spectra  Selectio n dialog 

and choose the spectra  the parameters will be spread to . 

6.9  DIELECTRIC DATA  

Normal spectra in RelaxIS use non -normalized transfer functions, based on the 

Impedance. Without further knowledge of the data, the data can be 

recalculated into the other transfer functions (admittance, complex 

capacitance, elastance).  

In order to use typical dielectric transfer function  (permittivity ‐, modulus), a 

geometric factor, e.g. based on the sample area, and thickness, needs to be 

known. While for many techniques, this factor is known, some dielectric 

techniques, especially in the high frequency domain, only provide e.g. the 

permittivity as t he measurement result.  

To accommodate such spectra, the spectrum can be marked as an Ⱡ-on ly 

spectr um . To enable this functionality, select Main  Ą Settings  Ą General  Ą 

Enable Dielectrics Functions  from the main menu. ‐-only spectra are marked 

in a corresp onding tab in the Spectra Explorer list  

In the background, the data of ‐-only spectra is treated the same as other data, 

since in the mathematical sense e.g. the permittivity behaves exactly like the 

complex capacitance. However, all display elements in R elaxIS, like axis titles 

on graphs, now display the correct names for the normalized transfer 

functions.  

Transfer Function  

Non -normalized  

Mathematical equivalent transfer 

function, normalized  

Impedance  Area Impedance  

Admittance  Complex Conductivity  

Comp lex Capacitance  Permittivity  

Elastance  Modulus  

 

Not all transfer functions can be used without restriction!  The permittivity 

can be consistently recalculated to the modulus, and the conductivity. 



Data Management  

 

32 
 

However, since for the impedance not the specific impedanc e is chosen as the 

normalized function, but the area impedance, the Impedance  transfer 

functions produces invalid values  when used with ‐-only spectra.  

If area and thickness metadata for a spectrum is known, it can be transformed 

into an ‐-only spectrum.  To do this, click the Dielectrics Ą Convert to Ⱡ-only 

spectr um  button from the main menu. The Dielectrics tab is only visible, if the 

dielectrics functions are enabled in the settings. In the dialog, you can choose 

to override the individual area and thi ckness metadata of the spectra, and you 

have to select the correct unit for the area and thickess. The function then 

recalculates the impedance values stored for the spectrum, such that the 

complex capacitance values are now permittivity values. It will al so mark the 

new spectra as ‐-only spectra.  

The dielectrics menu also allows the conversion of ‐-only spectra to normal 

spectra, if the cell parameters are known. The conversion works just as 

described above for the opposite direction.  

You can use the Data and Quality Ą Change Meta data  dialog, to mark spectra 

in the Spectra Explorer list as ‐-only.  

A typical workflow could be  

1. Import regular dielectric data (with cell geometries)  

2. Import e.g. a waveguide measurement. A textfile contains columns 

Freq|epsõ|epsõõ 

a. Use the Unknown File Di alog, mark the Eps columns as Cõ and Cõõ 

respectively  

b. Select the imported spectrum in the Spectra Explorer list  

c. Select Data and Quality Ą Change Metadata Ą Metadata type: 

Spectrum Type Ą ‐-only  

d. Note, that the Data Explorer graph now shows e.g. ‐ instead of C  

3. Select the regular dielectric spectrum, convert it into an ‐-only spectrum 

by using Dielectrics Ą Convert to ‐-only spectrum  

4. Select both ‐-only spectra and merge the data by clicking Data and 

Quality Ą Merge Spectra (see 6.10.3 ). 
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This will create a combined ‐-only spectrum of your regular and waveguide 

data.  

6.10  MODIFYING RAW DATA  

RelaxIS allows you to change the raw data of a spectrum  in various ways , once 

it is loaded in a project . Please note, that the source files on yo ur hard drive 

are entirely unaffected by these changes, and you can restore the original data 

by reimporting the data file into the project. The changes to the raw data of 

the loaded spectra is however mostly irreversible, so please take care  and 

criticall y evaluate any changes in regard to the integrity of the spectra.  

6.10.1  RAW DATA EDIT  

The Raw Data Edit  dialog can be accessed using the Edit raw spectrum data  

button in the Data and Quality tab. It allows you to directly manipulate or 

recalculate the data store d for the spectrum.  

 

You can use the table to change the value  of  each data point  by simply 

selecting the corresponding cell and entering a new value . 

Jump or select data points by clicking on them  in the graph. Hold CTRL while 

clicking to select multiple  points at once.  
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You can delete data points  by clicking on the respective row header  (or on the 

data points)  and pressing the Delete key on your keyboard.  This, for example, 

allows the elimination of outliers, such as a 50 Hz artifact.  

Furthermore , it is p ossible to recalculate  whole columns using an arbitrary 

formula that you can enter in the textbox in the top -middle.  

The formula can contain numbers, mathematical functions like sin(), cos() or 

exp() or various variables . A list of functions can be found i n the appendices . 

Aside from some special occasions the variable V usually corresponds to the 

source value, in this case either to the frequency, Zõ or Zõõ, depending on the 

selected r adio button below the textbox.  

Other variables include the active spect rums metadata and can be found by 

clicking the ? button next to the textbox.  

 Please note  

All variables are case sensitive and need to be entered exactly as noted in 

the help text.  

 

Some examples are:  

Formula  Result, Use Case  

V*-1 Invert the selecting value, e.g. for negating the imaginary 

part  

V/A  Divide the value by the spectrumõs area, e.g. for reverting 

an area normalization in the source data  

 

You can reset the changes done in the CURRENT SESSION of the data edit, by 

clicking the Undo  button.  
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 Please note  

Once you accept the changes using the OK  button, the changes cannot be 

undone! You need to reimport the data from the original source file to get 

the original state back.  

 

6.10.2  MODEL SUBTRACTION  

RelaxIS allows you to subtract the calculated  impedan ce values of a model  

from the data of your spectra. This sometimes allows the elimination of 

influences of unwanted processes from the spectrum and can probably allow  

the evaluation of underlying processes. You can access this feature using the 

Subtract a Model  button in the Data and Quality  tab.  

 

Click the button at the top -right to select a model  to subtract. Please refer to 

chapter 8 for details on how to design a model . 

Afterwards enter the parameter values for the model  or  copy & paste values 

from the Parameter Explorer. In addition to entering raw parameter values you 

can also enter formulas for the parameters directly into the respective fields. 

Formulas allow you to refer to element values indirectly, which is especially  

useful when subtracting model values from multiple spectra in one step. Click 
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the information button  for a list of variable names that may be used in the 

formulas.  

Finally,  you need to select if you want to subtract the model  in serial or parallel.  

In cas e of subtracting in serial the impedance will be subtracted as  

 () () ()Ĕ Ĕ Ĕ
new old modelZ Z Zw w w= - .   

In case of subtracting in parallel the impedance will be subtracted as  

 
() () ()

1 1 1

Ĕ Ĕ Ĕ
new old modelZ Z Zw w w

= -  .  

This allows you to subtract elements depending on how you d efine their 

influence on the data.  

Often you need to subtract parts of a model  one after another in multiple steps 

in order to achieve your goal. Y ou canõt just subtract any single element from 

any model ! 

Some examples are:  

Assumed data model  Desired data model  Required operations  

  

Subtract Resistor 1  in 

series  

 

 

Subtract Resistor 1  in 

series, afterwards  

subtract Capacit. 1  in 

parallel  

  

Impossible! You could 

only subtract Resistor 1  

and Warburg 1  together.  
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6.10.3  MERGING SPECTRA 

RelaxIS allows you to merge multiple spectra into one. In order to do this,  

select Merge spectra  from the Data and Quality  tab  of the main menu . The 

option dialog allows you to choose,  

¶ If only active data should be included in the new spectrum.  

¶ If equal frequencies in the spec tra should be merged into one by either 

averaging their Zõ and Zõõ values or summing them . 

¶ If the originating spectra should be remove d from the project.  

Afterwards, u se the Spectra  Selection dialog to select the spectra you want to 

merge. If you choose no t to average the same frequencies, the merged 

spectrum will contain multiple data points with the same frequency.  
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7 DATA QUALITY ASSESSMENT 

7.1  THE LINEAR KRAMERS-KRONIG TEST 

7.1.1  INTRODUCTION  

The KRAMERS-KRONIG relations under certain conditions allow the calculatio n of 

the real part of the impedance from the frequency and the imaginary part, or 

of the imaginary part from the frequency and the real part.  

For this to be possible, the data needs to fulfill certain rules:  

¶ Causality: The system response may only be cause d be the sinusoidal 

excitation.  

¶ Linearity: The excitation must be mild enough that the system response 

is linear only.  

¶ Stability: The system response must not change with time while the 

excitation is applied.  

The derivation of the common formulas for most models, and equivalent 

circuits in particular,  are all based around the idea that these rules are valid. 

If a system does not follow these rules an evaluation using such models  is 

usually not suitable.  

KRAMERS-KRONIG-test s are based around this idea. One t ries to transform the 

real - into the imaginary part or vice versa  and compares the result with the 

actual spectrum . If they match, then the measurement is trustworthy and can 

be evaluated. If not, the measurement parameters should be critically 

reviewed.  

Problems arise from the formulation of the relations. For the calculation, 

integrals from zero to infinity over the frequency must be solved. This 

frequency range is obviously not accessible in the measurement. Therefore, 

the data needs to be extrapolated i n some way. This extrapolation step is the 

main reason why different implementations of the KRAMERS-KRONIG -test 

usually lead to different results , especially since details about the 

implementation are often not fully disclosed.  
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The KRAMERS-KRONIG-Test in R elaxIS is based on two  method s described  by 

BOUKAMP et al. (J. Electrochem. Soc.  1995 , 142 , 1885 -1894) . In this method, the 

data is first modelled by a long series of (R)(C) elements . You can  use as many 

of these elements as there are data points. Since a chain of (R)(C) elements 

follows the rules above one may derive the fact that if the data can be 

described by the chain it also follows the rules . The method furthermore 

linearizes the problem by introducing a fixed set of relaxation times R Ct= Ö 

for the elements. This simplifies the procedure because the problem can be 

broken down to a linear fit.  

 

 

RelaxIS implements two methods: A Complex Fit  that fits both real and 

imaginary parts simulatenously and can contain a series capacitor an d 

inductor in addition to the (R)(C) chain, and a Partial Fit , that fits either the 

real or imaginary parts separately.  

In the Partial Fit , RelaxIS first performs th e linear fit on either the real or the 

imaginary part of the spectrum. The linear fit descr ibes this part perfectly, if 

the number of time constants is equal to the number of datapoints, and yields 

a set of resistances for the (R)(C) -elements. This set is used to calculate the 

other part  directly. The calculated part is then compared with the me asured 

data.  

The Complex Fit is more like a normal EIS fit, in that it fits a model to both the 

real and imaginary parts simultaneously. However, it does so by also using the 

pre -defined set of time -constants which simplifies to fit to a linear system. 

From the results of the linear fit, both real and imaginary parts can be 

calculated and compared with the data.  

The times -constants are chosen logarithmically in the frequency range of the 

measurement. It is often  favorable to use less time constants to lesse n the 
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impact of random noise  on the simulation , also called overfitting . The 

number of time constants and therefore of (R)(C) -elements can be chosen 

freely up to a maximum equ al to the number of datapoints.  

To minimize the effects of overfitting, RelaxIS i mplements an automatic 

determination of the optimal number of time constants , using a method by 

SCHÖNLEBER et al. ( Electrochim. Acta  2014 , 131 , 20 -27). Overfitting is often 

apparent in the appearance of negatice resistances in the (R)(C) elements and 

can b e quantified by the ‘-statistic. The nearer ‘ is to 1, the less overfitting 

occurs. With increasing number of time constants, ‘ drops sigmoidally to zero. 

The number of time constants where ‘ passes through 0.5 is chosen as the 

optimal number.  

 Please note  

We suggest that you use the Complex Fit with included capacitor and 

inductor and automatic determination of the number of time constants.  

 

7.1.2  USING THE LINEAR KRAMERS-KRONIG-TEST 

After selecting a spectrum use the Kramers -Kronig Test  button on the Dat a 

and Quality  tab of the main ribbon bar.  
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After opening the dialog, a KRAMERS-KRONIG-Test is automatically performed 

once with default settings . If you alter any settings you need to manually click 

the Update simulation  button for the settings to take e ffect.  

On the left side of the dialog you can alter several settings:  

¶ Select the type of plot to show in the graph.  

¶ Select the Algorithm  to use: Complex Fit or Partial Fit  

¶ For Complex Fit : Under Calculation options  choose to include a series 

capacitor and/ or inductor in the fit . 

¶ For Partial Fit : Calculation  mode  allows you to choose if you want to 

calculate Zõ from Zõõ or vice versa .  

¶ Number of time constants  allows you to decide how many (R)(C) 

elements sh ould be used for the linear fit . Select Automatic t o perform 

the automatic determination based on ‘. You can calculate a ‘ vs. 

number -of -† plot by clicking the ‘ number in the status bar.  

¶ Amount of data to use  allows you to use only a certain percentage of 

the data points for the fit and to limit the f requency range to the limits 

set for the spectrum.  

When the Complex Fit is used, the option is given to perform the simulation 

in the admittance  instead. In that case, the input data is converted into the 

admittance, which in effect causes the simulation t o fit parallel connected 

series RC elements, e.g. (RC)(RC)é, where each RC element has a preselected 

time constant. This option is useful in cases where the impedance data reaches 

into e.g. the 2 nd complex quadrant (negative real parts). To fit this, negat ive 

time -constants would be required in the impedance case, while the admittance 

case still fits with only positive time constants. Details are described in 

Boukamps paper cited above.  

In the òAmount of data to useó box, you can furthermore change the curr ent 

frequency limits of the spectrum by clicking on one of the four left/right 

buttons. The two buttons on the left change the lower frequency limit while 

the two rightmost buttons change the upper frequency limit. The left -arrow 

changes the respective lim it to lower frequencies, while the right -arrow button 

changes it to higher frequencies.  
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Use the residual , histogram  or CDF plots to evaluate how well the simulated 

data matches the measured data.  The latter two  plots  are calculated for the 

absolute residua ls. 

You can calculate Shapiro -Wilk -Normality  tests for all residuals by clicking 

the Shapiro -Wilk -field in the status bar at the bottom of the window.  

You can work with the results in multiple ways:  

¶ Export the result data via the typical export dialog  

¶ Store the result in the Result Library of the current project folder  

¶ Create a new spectrum from the simulation and add it to the current 

project. You can use this new spectrum like any other spectrum, e.g. fit 

it with a model.  

 Please note  

The Kramers -Kronig -Test can only be performed on the impedance !  

Donõt immediately dismiss data if it shows deviations from the simulated 

data! The linear method  has limitations just like other extrapolation modes.  

If no series capacitance is included in the fit,  electrode polarization effects 

or Warburg behavior may skewer the results , since they  rise to infinity at 

very low frequencies.  The same is true for inductivities.  

Hence why we suggest that you use the Complex Fit  because it can describe 

such effects as well.  

Only  some parts of spectra may be invalid. The KK -Test may find such 

problematic frequency ranges. Avoid using too many time constants to avoid 

overfitting artifacts in the data!  

 

7.1.3  KRAMERS-KRONIG VIEW 

A Kramers -Kronig test can be permanently shown in the Relax IS user interface 

by means of the Kramers -Kronig View. To show it, select Plotting Ą Create 

new spectrum view Ą Kramers -Kronig View  from the main menu.  

The view  by default  uses the following settings:  

¶ Algorithm: Complex Fit  incl. series capacitor & inducto r  
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¶ Automatic number of time constants  

These settings can be adjusted using the Settings  button in the left menu 

(extend with the arrow button).  

The simulation only uses the active spectrum data.  

The result of the Kramers -Kronig simulation is shown as a red line (in case of 

default plot styles) on top of the impedance data. The plot uses the same plot 

settings as the Data Explorer and can be changed likewise.  

Using the menu to the left (extend with the arrow button) you can show results 

of a Shapiro -Wilk norm ality test of the simulationõs rediduals. This also 

displays the maximum relative residuals.  

7.2  DRT: DISTRIBUTION OF RELAXATION TIMES 

The relaxation time of an (R)(C) circuit is given by † Ὑὅ. If an impedance 

spectrum is modelled by an infinite sum of (R)(C) elements and the time 

constants for each is analysed statistically, the distribution of relaxation times 

is found. That means, that for some time constants a lot of many (R)(C) 

elem ents are present, while some time constants are not found at all.  

         

This is a laymanõs explanation of the DRT theory. For more thorough 

explanations the reader is referred to scientific literature, e.g. DOI: 

10.1016/j.electacta.2015.09.097 . 
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If th e distribution function can be found for an arbitrary impedance spectrum, 

it will show peaks at time -constants that are physically present in the 

spectrum. This can allow a finer separation of processes and can give answers 

to the question, if certain semi circles should be described by one or more than 

one (R)(C) elements.  

Optimal data  for DRT has little noise and has a constant low -frequency limit. 

If the data shows, e.g. diffusion of polarization (a constant rise in Zõ/Zõõ), the 

DRT can often include non sensical additional peaks (often at high time -

constants).  

 Caution  

Due to the multitude of different calculation parameters, the DRT method 

can be prone to misinterpretation of the results . We strongly recommend, 

that you first use simulated spectra (e.g . created in the Circuit Simulator, see 

chapter 17) with a known result, like an (R)(C) -(R)(C) circuit with two time -

constants to become intimately familiar with the method.  

 

7.2.1  CALCULATING A DRT 

Open the DRT dialog using Data an d Quality Ą DRT .  

First, select the spectra that you wish to calculate DRTs for and click Next . 

On the Settings  page, you can adjust calculation options.  

Data settings allow you to include/exclude real and imaginary parts of the 

impedance. You can also cho ose to interpolate the data  to a given number of 

points. This can improve the resolution of the calculated DRT.  

 Please note  

Interpolation creates data based on the assumption of continuity of the 

points. Especially if the data is noisy or discontinuous,  this can lead to 

insensible results. Please use the interpolation option with care!  
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You can also enable the subtraction of low -frequency polarization  data. This 

is done in multiple steps:  

1. A continuous increase of -Zõõ is detected and a suitable number of points 

for analysis is selected  

2. An R-CPE model is fitted to the points  

3. Values for a CPE with the fitted results are subtracted from each 

datapoint in the spectrum  

4. (optional) a number of most affected datapoints may be removed from 

completely from DRT cal culation  

This process may reduce of remove pronounced peaks in the DRT at high time -

constants caused by the polarization.  

Calculation settings are the most important settings. The data is discretized 

by a radial basis function, of which you can choose one or more at a time. 

Gaussian discretization is often a very good choice. You can select multiple 

functions and compare the results later.  

 Advice  

For every selected spectrum, the DRT for every selected basis function is 

calculated.  

This can quickly amount  to a very large number of DRT calculation, which 

can take a long time. It often makes sense to limit the selected basis 

functions to one or two, instead of selecting all of them.  

 

The Lambda  factor is the so -called discretization factor. Lower values lea d to 

narrower peaks, thus allowing a better separation of peaks. However, it also 

increases oscillations and can lead to satellite peaks around a processõ peak. 

The noisier the data, the higher Lambda should be chosen. For a known 

distribution function, of  e.g. an (R)(P) circuit the effect of Lambda can be 

visualized.  
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Plotted is the deviation of the calculated DRT from the true DRT as a function 

of Lambda and of normal -distributed noise added to the simulated spectrum. 

It can be seen, that Lambda has a mi nimum at intermediate values. The 

minimum shifts towards higher values the noisier the data is. A value of 10 -5 

often shows promising results.  

The RBF Derivative and shape factor also determine the peak shape and 

resolution.  

If the data has an inductive pa rt at high frequencies, this part can be included 

in the calculations by checking the respective box.  

Output settings determine, how many datapoints are calculated of the DRT 

function, and what range is used (Extrapolation factor).  

†
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You can always click the Preview  button. This will allow you to select a 

spectrum and calculate the DRT for it. The f irst selected basis function  will be 

used for the calculation . 
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7.2.2  SPECTRUM REPRODUCTION AND LAMBDA PLOT 

From the DRT , and the fitted series resistance and inductance (found during 

calculation of the DRT)  it is possible to calculate a n impedance spectrum by 

wh at RelaxIS termed Zarc -integration. Integrating the DRT of e.g. the spectrum 

of an (R)(C) element over ÌÎ † the result is the resistance of the (R)(C) element:  

Ὑ ‎ÌÎ† ὨÌÎ† 

RelaxIS calculates a discrete number of time constants of the DRT. To calculate 

back to the spectrum, the DRT is split into a series of Zarc elements with one 

element for  each calculated DRT datapoint (minus 1).  

The nth Zarc element has the parameters  (for a sorted  list of  †): 

†
† †

ς
 

Ὑ ὃὦίὰὲ† ὰὲ† Ͻ
‎ ‎

ς
 

‌ ρ 

The impedance at frequency f  is then given b y 

ὤὪ Ὑ Ὥ‫ὒ ὤὥὶὧὪȟὙȟ†ȟ‌ ρ 

By calculating the impedance  from the sum  for each of the initial input 

frequencies of the spectrum , the spectrum reproduction is found . 

As mentioned above, the influence of the Lambda parameter can be estimated 

by comparing the calculated DRT with the analytical DRT of e.g. an (R)(P) 

element. For a real spectrum however, the analytical DRT is unknown. An 

alternative is to reproduce the initial spectrum with the given method and 

compare the reproduction with the source spectrum. This can be done by 

calculating the sum of squared residuals, SSR, between the two spectra.  

RelaxIS offers the Lambda Plot  function, that calculates this SSR for a series 

of values for the lambda parameter.  This lets you inspect the influence of the 

quality of the reproduction as a function of lambda.  
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Usually you will find that the SSR first decreases with decreasing lambda until 

it reaches a point where the improvement is no longer significant. This is in 

contrast to the comparison of the calculated DRT with the analytical DRT 

above, where the quality started to decrease again at lower lambda values, due 

to increased osciallations and ghost peaks, which apparently do not actually 

lead to a decrease in qualit y of the reproduction.  

 Please note  

While the lambda plot usually shows a sigmoidal or exponential decrease it 

should be noted that this method here is purely empirical. You may be able 

to find a more reproducible way of selecting lambda from the plot, b ut this 

selection is not immediately based on a physical understanding!  

 

What that effectively means is that the same spectrum can be described by 

multiple DRTs, which is similar to the often -established problem of equivalent 

circuits, where multiple diff erent models can fit the same spectrum.  

To create the Lambda Plot , click the Lambda Plot button on the settings page. 

This lets you select a spectrum to perform the calculation for and then shows 

the Lambda Plot dialog.  

 

Here, first select the basis funct ion to perform the calculation with. The other 

calculation parameters are taken from the settings page.  
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The you can define the range of lambda values to use. The dialog takes the 

values in logarithmic spacing, and hence lets you select the base -10 exponent s 

of the minimum and maximum values of lambda, as well as the step width. 

Please note, that a DRT has to be calculated for each point, so you should keep 

the number of points at a reasonable amount.  

After the selection, use the Calculate button to create t he lambda plot.  

The data may be exported by using the graphõs raw data export function, 

accessible through the right -click menu on the graph.  

7.2.3  DRT ANALYSIS 

Once you are satisfied with your selected options on the Settings page, click 

the Next  button to star t the calculations.  

The Results page displays the calculated DRTs for a single spectrum, and can 

overlay all calculated basis function. Select the spectrum to display from the 

dropdown menu at the top -left.  

You can select the value displayed on the X -axis by selecting it from the box 

above the result graph. The available X -axis values are time constant (tau), 

frequency and angular frequency.  

To create a result overlay for multiple spectra , click the óShow DRT result 

overlay plotó button. Here, you can selec t which spectra to include in the plot 

by activating or deactivating the check mark next to it. You may also include 

the picked peaks in the plot.  Use the X -axis box to select the x -axis value in 

use, as explained above.  
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To close the dialog, click the re d X button, or the Back  button.  

You can perform f urther analysis  of the DRT, such as peak picking or 

integration. First s elect active basis functions from the respective dropdown. 

Only active basis functions are included in the  evaluation s. 

For analysis, y ou can Pick Peaks  by selecting a lower limit for peak height. Use 

the mouse to drag the green bar in the result plot to change the minimum peak 

height, or enter a value into the respective box. Note:  The minimum peak 

height is set individual  per analyzed s pectrum , which means that peak 

picking on the results for different discretization functions will use the same 

minimum height. De -/Activate results for individual discretization functions 

from the drop -down menu to use individual minimum heights, since pea ks are 

picked only on active functions (e.g. activate a single result, change min. 

height, pick peaks, then deactivate this one and select another function and 

repeat the process). Peak picking will not find saddle points! A maximum of 

50 peaks per discret ization function applies. You can disable the green min. 

height line by using the Hide  checkbox (e.g. for the graph image export).  

Refine Peak Positions  will take the found peak point, and its two neighbors 

and fit a second -degree polynomial to these point s. The polynomõs extreme 

value is then used as the refined maximum. Please note : In some cases, e.g. 










































































































































































































































































































































