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1. Current Interrupt in ChronoPotentiometry.

The Current Interrupt Module (CIM) can be used during ChronoPotentiometry. In
Advanced mode, the parameter "CI at Level[2]" was added. When checked, it will

activate a Current Interrupt during the 2" level.

2. Voltammetric Pulse Builder

To the group of ElectroAnalysis techniques the
Voltammetric Pulse Builder has been added.
With this technique (new) Voltammetric Pulse
Technigues can be defined to user
specifications. All existing techniques, such as
DPV, NPV, DNPV, SQRWV, etc, can be compiled
with this tool. Moreover newly proposed pulse
waveforms can be constructed and tested, in a
very flexible and user-friendly manner, without
the loss of performance. Pulse patterns can be
defined with 0.02ms resolution, with each pulse
as short as 1ms.

Marmal Pulze Waltammetr
Yaltammetric Pulze Builder
+- Impedance

Yalue |L|nit

Title 10000

+PulzeD efiiticn _
E start ooooo Y
E end 1.0000 Y
E step 10
Current B ange 100

+AutoCR [ o
Drata Options _
Fieport J

The Voltammetric Pulse Builder implements a Voltammetric scan with the usual
parameters: E_start, E_end, E_step. This will generate a staircase scan, with a pulse

pattern superimposed on each staircase level:

(237 [ —
repeated at level 1 --=-=—====—-
each step

level 3 U

E_start

Delay time

)

E_end

E_step

Selecting “PulseDefinition” opens a pop-up, in which the pulse pattern can be defined,
for example the pattern above can be achieved with these settings:

x

eveis |+ =

E Malt Period /ms  Add to Fesul
Delay Time | I |
Levell] | 0020 | 80 [+ |
Levell2] | 0030 Bl |41 =]
Levelld] | 000 | B0 [+ |
Levell4] | 0040 B0 |+ |

Close | Yerify |
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Levels: the number of Levels (pulses) can be defined (min. 1, max. 4).

Delay Time: wait-time after each staircase level application, before the first pulse is
applied (min. 5ms, max. 5000ms).

E/Volt: pulse height/amplitude (V)

Period/ms: pulse period (ms)

Add to Result: result multiplication-operator

Up to 4 pulse levels can be defined, each between 1ms and 200ms. The total duration of
the 4 combined pulses must be below 600ms (Delay Time not included).

At the end of the “"Delay Time”, and at the end of each level, the current is measured.
These recorded values can be used to calculate the single datapoint that is displayed and
stored. The user can define how that datapoint will be calculated, using the “Add to
Result” field in the definition screen. Each level measurement can be
added/subtracted/ignored/etc. in the end-result with multiplication-operators ” +1/-
1/0/0.5/-0.5". In the example below, a DPV scan is compiled with 50mV amplitude and
10ms pulse time:

Define MultiPulse detection g]

Levels 1 j

E Afolt Perod /mz Add to Rezult

Delay Time | 0 |4 |

Lewe1] | 0050 | 10 |a ]
Cloze | Werify |

The “+1"” operator at Level[1] will add the measured current at Level[1], and the “-1"
operator at Delay Time will subtract the current measured during Delay Time, so the
difference of currents from before and at the end of the pulse will be recorded.

The sampling acquisition period is set automatically equally for all levels to 25% of the
shortest Level Period, maximized to 1 mains line cycle period (50Hz/60Hz option). These
acquisition periods are always located at the end of the corresponding Level.

Note that the ScanRate is implicitly defined by the “E step” parameters and the sum of
Delay Time and Pulse Periods. In the DPV example above, the total period is 100ms, so
this scan would produce 10 datapoints/second. Suppose Estep was 10mV, the scanrate
would be 100mV/sec.

3. Automatic data storage and file structure
In IviumSoft versions 2.1XX an important change has been introduced in the way data is
stored and retrieved in the software. This has been done to improve on ease and

accessibility. The most important changes are:

A) All measured data is now automatically stored on disk upon completion of the
experiment. As a result:

1 The AutoSave method parameter is no longer available. When loading older
methodfiles, the "Automatic save” settings are ignored.
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B)

C)

1 In BatchMode, the automatic data saving is also implemented, which means
that all parameters regarding data saving are also removed here. When
running older batch files, the target data file names and folders are ignored.

The new automatic data saving mechanism creates “regular” idf-files that are
readable in the usual manner.

The file names and folder locations for auto-saving are automatically created in a
structured manner. In this way saved files are easy to locate and retrieve, and
data can be stored under a project name.

In \:IviumStat a file folder named "data" is automatically created. In this "data"
folder libraries are created, which in turn can contain multiple projects.

\:IviumStat\data
‘I_[: Library 1
Library 2 —»Project 1

Project 2

|
_]+Project n
_|—> Library n

D) Manual saving of data files and data sets remains possible in the usual way.

E)

Data files are stored under an automatically generated file name that is
constructed from:
- Scan id; (=automatically incremented scan number)
- Date stamp; (mm,dd)
- Technique used; (for example LSV for Linear Scan Voltammetry)
- First 8 letters (signs) of the Title of the experiment
- Instrument serial humber.

3.1 Data file management

Data will be stored to disk automatically on the following events:

f
f

On completion of the datascan (or all datacycles in multiscan run)
When the "timed savings" period expires before the scan finishes, default every
600 minutes:
A The 1% occurrence of an expiry period, the data is saved in .idf
format
A At subsequent occurrences of expiry periods, the data is saved in
CSV format, each time overwriting the previous CSV file.
A After the scan finishes, the complete data is saved in .idf format,
overwriting the 1% saved idf file.

When the total nhumber of datapoints exceeds workfile size, default 400,000
points (user definable, see paragraphs 3.3 Data handling and 22 Working with
large data files):
A When scan exceeds workfile size, an .idf will be stored with present
number of datapoints. Also a CSV file is created with half the
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present datasize (200k), and those points are deleted from shown
scan.

A At subsequent occurrences of exceeded workfile size, the 1 data-
half is saved in CSV format while deleting it from the shown data,
each time appending to the previous CSV file.

A After the scan finishes, the complete data is saved in .idf format,
overwriting the 1% saved idf file. (it uses the CSV file to recover all
datapoints).

Datafiles will be deleted:

1 From the “tempfile” folder automatically, after the (user defined) expiry period,
default 90 days (user definable, see 3.3 Data handling).
1 Manually by the user, by selecting “delete permanently”

3.2 Data file history list

1 Below the Results panel a new Listview panel is visible. This list of files will be
visible in the order that these were recorded or loaded, the most recent file at the
top. These files can be used for quickly switching to earlier results and back. The
Listview panel keeps track of all data stored in the current session; when
(re)starting IviumSoft the most recent 25 stored/called datafiles are listed
(default). Files listed in RED are stored in the 'tempfiles' project and subject to
automatic deletion after a user defined time (see 3.3: Delete temporary files).

Scanid | Mzcans | Date | Title | Technigus | SN | Chan | Cycle | Statuz | File |
0385 [0 [ 2012M1/07 132542 Vr220e 1 T2 [100% [ Ch Mempfile 51211071 325420
0405 1] 20121107 1619 y LoadScans V72206 1 1 100% A A
0398 1] 20121107 140413 5S¢ Add Scans PONT22060 1 15 100% C:h. Amoretest\03951 211071 4041 30000 7 2206.....
0409 1] 2M2MMN7IEZ72 S0 Copy File V72206 1 5 100% C:h Aib2Yanah04091 211071 62721 000 72206, idf
040 1] 20121107 16:06:48  S¢ WT2206 1 1 100% C:h. Abemph04011 211071 BOE48000N 72208, idf
0337 ] 22107140227 S Move ko ackive project P OWT2206 1 14 100% C:h Amoretesth 03971211071 40321 00007 2206.....
0396 1] 20121107 140253 S0 Move to tempfiles PONT22060 1 13 100% C:h. Amoretest\03961211071 402530000 7 2206.....
0395 1] 2M2M1/071340:36 S pojate permanently P OWT2206 1 12 100% C:he. Amoretest\03951211071 340360000 7 2206.....
0394 i 20121107 134000 Seo et NTE20E i 100% C:he. Amoretest\03941 21107134001 D007 2206.....

Multiple scans/files can be selected simultaneously by holding the [Shift] or [Ctrl]
button and clicking on the desired scans/files

1 The history list displays the most relevant scan (method) properties:

Scan id: automatically generated scan number.

Nscans: number of scans in the datafile/dataset; datasets are highlighted in
yellow.

Title: scan title (= method parameter).

Technique: electrochemical technique used to acquire the data in the file.

SN: serial number of the Ivium instrument used to acquire the data.

Chan: Ivium-n-Stat channel number (=1 for a single channel instrument).

Cycle: cycle number for multi cycled experiments (=1 for single cycle).

Status: results status, 100% = fully completed

File: file path and name; the file name is automatically generated from

scan id, date (mm,dd), technique and first 8 letters of the title.

1 A file from the history list can be loaded by double clicking it. Right-clicking it will
allow other options:

Load Scans: will load the selected scan, replacing the previous.
Add Scans: will load the selected scan while retaining the previous.
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Copy File: will place the file on clipboard for copying; paste in MS Explorer will
create a copy of this file in the active folder, paste in an email
program will include the datafile as attachment, etc.

Move to activeproject:
will move the data file from its present location to the active project
location. This could be used to promote temporary files to a
permanent status.

Move to tempfiles:
will move the data file from its present location to the temporary
data folder. This file will be deleted automatically, after the defined
expiry period (see data handling options).

Delete permanently:
will delete the datafile immediately and remove it from the

historylist.

1 Older style datafiles (recorded with earlier IviumSoft versions) will appear in this
list when loaded (data unavailable in these datafiles will be displayed arbitrarily).
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3.3 Data handling options

The data handling options can be accessed from the main menu bar under
Options>Options>Datahandling Options:

EX————
. File | Options Tools Help About

[[['© g2 ten F”Eovnowanm [ [easic ~|[Froiecta El

- Datahandling Options
Dire  Register idffids files Result graph | Result data I
I
I ) 5 |

This will open a pop-up that allows setting how |
measurement data is stored: Staring data |
Operator name: the users name may be entered; Operator name
this will be stored in the datafile |usert
Library: name of a group of projects. A
library is a higher folder level, —Dlata storags
that can be used to group _
projects together. The active Library —Jorimary |
library is used to store new _
datafiles; a new one can be Froject IF'n:uieu:t_'I j
created, or an existing one can _ _ 00
be called from the drop down Timed saving every minutes
] menu. . ] b aRirnurm workfile size I 400000 points
Project: Folder that contains the datafiles.
the active Project folder is used b awirnuim in historylist | 23 fies
to store new datafiles; a new _
Project can be createdl or an p a|l.-'-.la_|,IS create data I:SII'."I l:||E
e;(isging Odne can be called fr?m [T szave multizcan runs in dataset files
the drop down menu. [see also
3.4] P [ M amimnum Mr of wisible cycles I—g,g
Timed saving every: M aximum Mr of stored cycles I 1000
number of minutes before next
automatic data saving will occur. —Copy data to external folder
All data will be saved  [CvDemeuodil |
automatically upon completion of I Save datacopy:  |LHsersiilem
the experiment. However, if a [~ Redefine filename |“'E—']
long term experiment is carried
out, the data is also ~Delste temparary file
automatically saved at the end of el
every period that is specified v Mever After I 30 daps
here.

Maximum workfile size:
maximum workfile size before

Cancel |
automatic datastreaming takes

place; default is 400,000 points (min. 2,000; max. 2,000,000, see
paragraphs 3.1 and and 22. Working with large data files).

Maximum in historylist:
number of datafiles listed in history list (for experiments ultimately
resulting in more scans/files than specified here, all scans/files will be
shown in the history list upon completion).

Always createdata CSV file:
when checked, every time a data file (.idf) is saved, a copy of the
primary data is saved as an ASCII file in the same location (this CSV file
will have the same name as the .idf file). The CSV file only contains the
raw data, with comma separated columns (the same as when "copy to
clipboard" is selected from the "Result data" tab). Usually the .csv
extension is registered by MS Excel, and double clicking will open it.
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Save multiscan runs in dataset files:
Multiscan experiments can produce multiple cycles after a single click on
"Start". These cycles can be saved in the usual manner with each cycle
in a separate .idf file. However, when this "dataset" option is activated,
such scans are stored together in a single .ids file.

Maximum Nr of visible cycles:
The number specified here is the maximum number of cyles (latest
cycles) that will be shown in the graph during a multi-cycle experiment.
When running a multi-cylce experiment with a large number of cycles
limiting this number will prevent the graph from becoming
undecipherable.

Maximum Nr of stored cycles:
The number specified here is the maximum number of cyles (latest
cycles) that will be stored in the datafile during a multi-cycle
experiment. When running a multi-cylce experiment with a large
number of cycles limiting this number will prevent the data file from
becoming too large.

Copy data to external folder:
This allows to store copies of the datafiles to other locations, such as
user defined folders, network drives, dropbox, etc. The data is stored
simultaneous with the automatic storage to the project location.

1 Save datacopy: when checked, a copy of the data is stored to the user
defined folder. If the destination location is not available, or invalid, the
command is ignored without an error message.

1 Redefine filename: normally the filename of the external copy will be
the same as for the automatic generated filename of the project
version. However this behavior can be overridden with this checkbox. If
checked, the user defined filename is used instead. If the user defined
filename already exists, an underscore and (incremented) number is
added to the filename.

Delete temporaryfiles:
The folder "Tempfiles" is normaly used to store files with a temporary
status, such as exploratory measurements. These will automatically be
deleted after the user defined time, default 90 days. Also, there is an
option to "Never" delete automatically.

3.4 Project definition/selection

The Project where newly generated datafiles are stored can also be accessed and/or
changed directly from the top menu bar:

File Options Tools Help About
[ connected | |[[e0e0T2 =]} | EcuiioviEx tma | (o BlFoe: -

A new Project name can be entered directly, or an existing one can be selected from the
drop down menu. The project name entered here is automatically copied to the
Datahandling options.

For exploratory work, if measurements do not need to be saved for permanent use, you

can, for example, create/select a Draft (project) folder, which can be (manually) deleted
on a regular basis.
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3.5 Saving Data sets and methods in Projects

Data Sets

By default data files are saved as .idf. When multiple scans are created in a single
experiment, such as for example when running an number of CV cycles, it is possible to
store these as a dataset in the current project. This can be done from the main menu
bar: File>Save dataset in project.

File Options Tools Help About

Diata Explorer 3 “'[

Save datasetin project
Save method in project

In the Data Explorer window data sets are highlighted in yellow.

Methods

A method (technique) with all parameters can be saved as method file (.imf) in a
Project. This can be done from the main menu bar: File>Save method in project. In the
Data Explorer window data sets are highlighted in green.

3.6 Data exploring options

From the top menu bar, a Data explorer can be opened: File>Data explorer.

ons Tools Help About

Sa alaseiHD(oje:t l_L' “EWHW‘EMMA |“ Basic =[Foct A =1 HJ Sightiew_|Batchtode]
S e mes Rlesult araph | Rissu data | E scan |
_ Srersiminrmes | ‘
Load t;atz ;I‘ ”M “ fnabeis | Edic | |“ Eren Fis,Cs| 22| v v | e | e | psiton| Tanid)| Cole |“ Ecor [Idens HJ e EA | LognyE|ErLoat] ‘
Save data
Add data = ,T
Load dataset
Save dataset * 010 Result
Save Visible DataSet | i e |

This will open a Data Explorer window (note that depending on the amount of data, this
may take some seconds):
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i8]
Projects | 7| |
m ; ” Eopyl Deletel
[=- librar
T S;mo D [N [Date | Project [ Tile | Method [Tech [sM [ cwe|ch [Fie |
| Instiument teste oooo 1 2M2A0/2215:21:00  Imported  Scand EIS E stat 408091 0 0 C:h . AProject_ah00021 210221 BZDBSDUDﬁ_'
Praiect 1 oooo 1 2M2A0/2310:48:02  Imported  Scand EIS E stat A07093 0 0 Cih AProject_an00021210231147360002
ro!ec = oooo 1 2M2A0/231231:24  Imported Scand EIS E stat A11722 0 0 C:h. AProject_ah00027 210231 3311 70002
i F'rqec:t_A oooo 1 2M2A1/01 1550:22  Imported Scand EIS E stat ADEOFE 0 0 C:h. AProject_ah00021 21107154 3550008
[ willem oooz 1 2M2A1/0510:1255  Project_4  Scanl EIS E stat BE1457 1 1 C:h. AProject_ah00021 21105101 255000
L trash oooo 1 2 Imported  Scan L5 Galv A08091 0 a Froject_, 21300002
| e 3 P2 KO : G
ooo3 o1 2M2A71/0510:14:20  Project_4  Scanl EIS E stat BE1457 1 1 C:h. AProject_ah\00031 211051701 420000
oooo 1 2M2A0/2215:2332  Imported | TEST3 L5 Std 408091 0 0 C:h. AProject_ah\00041 21022162207 0002
oood 1 2M2A1/0510:16:05  Project_&  Scan EIS E stat Ba1458 1 1 C:h. \Project_ah\00041 21105101 605000E
oooo 1 2M2A10/2312:3304  Imported  Scand EIS E stat A11722 0 0 C:h. AProject_ah\00057 210231 333000002
ooos - 1 2M2A1/01 16:58:54  Project_4  Scan TR Ca, Ba1458 1 1 C:h. AProject_ah\00051 21107165854 000E
ooos - 1 2M2A1/0510:16:52  Project_4  Scan TR Matdo.. BE1458 2 1 C:h. AProject_ah\00051 21105101 652000
oooo 1 2M2A10/2312:3334  Imported  Scan EIS E stat A11722 0 0 C:h. AProject_ar\00061 210231 3331000028
ooog 1 2M2A1/0510:17:33  Project_4  Scand TR Mutdo..  BE1458 3 1 C:h. AProject_ar\000E1 21105701 ?BSDTIi;I
4 | »
IVaIue I Uit - I mA
Mode Standard 1.0 ]
Title TEST3
E start 0.0000 ¥ 0.8
E end 1.0000 ¥
+Dpnamicvertemes [ [ 0.6_]
E step B omy
=
Scanrate 50 s 5 0.4
+Alpha [T o '5
Equilibration time 0= (&) 02]
Current Range T
Filter automatic 0.0
Stability automatic []'_g []'_ 2 []'_4 g'_a []'_a 1'_[1
Connect ta Cell-4EL j Potential v
LoadFle |  AddFie | Cancel |

The Data Explorer window shows:
1 the Library and Project tree to the left
1 the list of data files in the selected Project to the right
)l

parameters below.

The list of data files can show different colors:
1 Regular black on white: data file
1 Highlighted in yellow: data set
1 Highlighted in green: method file

From the Data Explorer window:
1

folder or e-mail).

Delete: will delete the selected file(s) to the trash folder.

Load File: will load the data file to the primary window.

E R EE]

Cancel: will close the Data Explorer window.
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Copy: will put the selected file(s) on the clipboard for copying (to, for example, a

Add File: will add the data to the data already present in the primary window.
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4. Corrosion techniques

There is a large worldwide market for electrochemical instruments to study corrosion.
Corrosion Scientists can be found in industrial and academic laboratories. After many
years of development, electrochemistry is now considered to be a standard tool in
corrosion laboratories. A group of corrosion techniques has been added:

- LingarSweep

- Cychcoltammetny

- Tranzients

- Electrodnalyziz

- Impedance

- Comogion

- Eoc rmonitor

- Polarization Resistance
- Tafel Plat

- Paotentiodynanmic

- Cwelic Polarization

- [Falvanic Corogion

- Corrozion Rate Maonitar

4.1 Eoc monitor

The Eoc monitor technique will allow the monitoring of the open circuit potential versus
time.

Method parameters:

Title: scan title
Eoc interval: interval time between data points, min. 0.1s; max. 60s.
Run time: duration, min. 2s.

Stop when dE/dt<: experiment is automatically terminated when this criterion is met,
min. 0 mV/s; max. 65 mV/s.

4.2 Polarization Resistance

The Polarization Resistance technique allows a linear potential controlled scan from E
start to E end. The results can be displayed as I/E, E/I, Log(I)/E, E/log(I). The most
common presentation is E (Y-axis) vs. I (X-axis) and is used to measure the corrosion

rate.

Method parameters:

Title: scan title

vs Eoc: when activated, the E oc will be monitored before the scan is
started and the E parameters can be entered to be relative to E oc.

E start: start potential

E end: end potential

E step: potential step increment

Scanrate: rate of the potential scan

4.3 Tafel Plot

The Tafel Plot technique will record a linear potential controlled scan from E start to E
end. The results can be displayed as I/E, E/I, Log(I)/E, E/log(I). The most common
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presentation is E (X-axis) vs. log I (Y-axis) and is used to measure the corrosion rate.
The corrosion parameters can be calculated from the Corrosion rate analysis (above the
graph: Analysis>Corrosion rate)

Method parameters:

Title: scan title

vs Eoc: when activated, the E oc will be monitored before the scan is
started and the E parameters can be entered to be relative to E oc.

E start: start potential

E end: end potential

E step: potential step increment

Scanrate: rate of the potential scan

4.4 Potentiodynamic

The Potentiodynamic technique will record a linear potential controlled scan from E start
to E end. The results can be displayed as I/E, E/I, Log(I)/E, E/log(I). The most common
presentation is E (Y-axis) vs. log I (X-axis) and is used to qualitatively evaluate the
corrosion characteristics of the sample.

Method parameters:

Title: scan title

vs Eoc: when activated, the E oc will be monitored before the scan is
started and the E parameters can be entered to be relative to E oc.

E start: start potential

E end: end potential

E step: potential step increment

Scanrate: rate of the potential scan

4.5 Cyclic Polarization

The Cyclic Polarization technique will record a cyclic potential controlled scan from E start
to Vertex 1, and back to E start. The results can be displayed as I/E, E/I, Log(I)/E,
E/log(I). The most common presentation is E (Y-axis) vs. log I (X-axis) and is used to
evaluate the tendency of the sample to undergo localized corrosion. Pitting and crevice
corrosion are the most common examples of localized corrosion.

Method parameters:

Title: scan title

vs Eoc: when activated, the E oc will be monitored before the scan is
started and the E parameters can be entered to be relative to E oc.

E start: start potential

Vertex 1: Vertex potential (point at which the scan is reversed)

I Vertex: Vertex current, maximum current allowed before scan direction is
reversed.

E step: potential step increment

Scanrate: rate of the potential scan

4.6 Galvanic Corrosion

The Galvanic Corrosion technique will record the current versus time when two different
metals are immersed in an electrolyte. The results can be displayed as E/time and
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I/time. In the Galvanic Corrosion experiment, the instrument acts as a Zero Resistance
Ammeter.

The galvanic corrosion technique is implemented for low currents, smaller than and up to
ca. 1mA. If the currents exceed a few mA, this electrode connection cannot be used
anymore and a transient technique needs to be used, like Mixed Mode!.

Electrode connection for Galvanic Corrosion?:

1 RE to reference electrode

1 WE+S to working electrode 1

1 Gnd to working electrode 2

Method parameters:

Title: scan title
Interval time: interval time between data points, min. 0.1s; max. 60s.
Run time: duration, min. 2s.

4.7 Corrosion Rate Monitor

The Corrosion Rate Monitor technique will start with recording the Eoc, after this a Linear
(potential controlled) Polarization Resistance measurement will carried out. This is
repeated for the duration of the experiment and the Rp and corrosion rate are displayed
vs. time. This experiment is commonly used to test the performance of corrosion
inhibitors.

Method parameters:

Title: scan title

Duration: experiment duration, min. 2 minutes.

Repeat interval: duration of the E oc recording

E start: start potential of the LPR measurement

E end: end potential of the LPR measurement

E step: potential step increment of the LPR measurement
Scanrate: rate of the potential scan of the LPR measurement

5. Enhanced AutoCR

1 Pre ranging
It is now possible to let the automatic current ranging start before the measurement
so that the instrument will automatically look for the appropriate Current Range. This
will ensure the measurement starts with an appropriate setting. The pre-ranging can
be switched on/off with the checkbox in the AutoCR subparameter group.

+iutoCH [* 0On
bl 3 range 104
kin range 10,
Pre ranging [+ on

! Note that when using the transient technique, the electrode connection needs to be adjusted to
the 'default' configuration. In Mixed Mode apply 0OV to measure galavanic corrosion.

2 Galvanic Corrosion is implemented similar to ElectroChemical Noise, the same electrode
connection applies. See also p. 22/56 of the Manual.
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1 Pretreatment and Equilibration
The Automatic Current Ranging option is now also activate for the Pretreatment and
Equilibration stages. This will enhance the dynamic measurement range during the
pre-measurement stages.

6. Continue Button to proceed to next measurement stage

Prior to a (method) measurement, there are several pre-measurement stages:

1. Purging

2. Pretreatment

3. OCP measurement
4, Equilibration

The duration of these stages is predefined. However now it is possible to manually abort
such stages during its execution, by pressing the "Continue" button. This will stop the
currently running pre-measurement stage, and proceed to the next. If it was the last
scheduled stage, the measurement will start immediately. In case of the OCP
measurement stage, it will accept the last measured value as the actual OCP, and
proceed.

The "Continue" button only appears next to the "Abort" button at the start of a method
and during the pre-measurement stages, at the bottom of the method Tab:

Sikart Abort Continue | ‘

7. BatchMode with embedded Methods
A new function was added to the BatchMode: "DefineMethod":

a. '"DefineMethod" will allow you to define a Method procedure inside the BatchScript.
You can select the Technique and edit measurement parameters directly.

b. The "DefineMethod" variables are fully embedded in the BatchFile. You do not need
to rely on external method files. When you change the file location, or move to
another pc workstation, you only need to transport the ".ibf" file.

c. The old "LoadMethod" function is retained, for compatibility reasons. But it is
recommended not use this anymore.

d. When saving BatchFiles, it is suggested to store these in the active Project folder.
When you select LoadBatch/SaveBatch, the filename selection dialog will start in the
active project folder.
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[Erect Batch |

LoadBatch | SaveB atch |

Add line | Delete Iine| Ingert Iine| Test |
| Line | Properties |
Line[1] |DefineMethod | LinsarSweep
Line[Z] Loop LoopCyclez=4

Line[3] |ExecuteMethod
Line[4] |LoopEnd

Set Line[1] properties

Load Save et Active | Set Active |
|'\-"a|ue |L|nit
Method | LinearSwesp ﬂ
Technique LinearSweep
Cychic' altammetr
tode _ i
Title Electrodnalysiz
Impedance
E start Corrosion Y
E end 1.0000 v
E step 10
Scarrate R0 M As
Current Range T,
+ukaCR [ op
M bm Mlmbimins i
Start

When DefineMethod is selected, the measurement can be configured in the table below
the BatchScript. Above the property grid, 4 buttons appear:

o Load: will load (import) the parameters from an existing methodfile on disk. These
are loaded at the moment you press this button, and embedded in the active
BatchFile. If that original sourcefile would be removed/changed afterwards, it
would not affect the embedded Method definitions.

o Save: will save (export) the methodparameters to a method "*.imf" diskfile.

o Get Active: will copy the parameters from the active Method, as it is displayed on
the main Method tabsheet.

o Set Active: will export the DefineMethod parameters to the active Method, and will

be displayed on the main Method tabsheet, replacing the previous active Method.

It is important to note, that while a BatchScript is being edited, the DefineMethod
parameters can be different from the active Method settings on the MethodSheet. Also
note that a BatchScript may contain several different Method definitions. However, when
a Batch is run, and a DefineMethod line is executed, the active Method setting will be set
according to the embedded Method definition on the active line.

Batchfiles (.ibf) can be saved as usual. These must be saved by the user, these are not
saved automatically.
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8. Mixed Mode enhancement

For specific applpications the Mixed Mode technique has been enhanced with additional
method parameters:

Main method parameters:

Continuous AC: When checked this will maintain the AC amplitude throughout the
Level continuously (otherwise it will be switched off during DC
acquisition).

AC mean current:  This will measure the mean AC current, instead of the DC current,
and plot this in the main dataplot (black line, left axis). The mean
current value is defined by averaging the quadratic current over a
finite number of ac cycles, after subtraction of the dc current.
Please note that the thresholds for currents, are now applicable to
the AC Mean current.

ThresholdHoldoff:  Time that threshold checking is inactive at each level. This
parameter is to be used when, after a levelchange, it is undesirable
that threshold switching happens too fast. It puts a minimum
duration to the level. It is useful when systems need a stabilization
time.

Note 1: the time is always counted from the start of the active
level, so it is "reset" at each level change.

Note 2: the TresholdHoldoff time should not exceed the level

duration.

Level parameters (stages pop-up window):

Define ac: When checked this will overrule the main method parameters
Frequency and Amplitude. This allows you to select a dedicated
frequency and amplitude for each separate level.

9. Mixed mode: Exit scan at threshold

By default, the thresholds in the Mixed mode level panel will only act within the level. If
a threshold is exceeded, this Level is aborted and the scan continues to the next Level.
Now, an extra option is available: "ExitScanOnThres". If checked and when a threshold is
triggered, it will abort the complete scan.

10.Mixed Mode: Repeating Sequences and conditional branching

Groups of consecutive Levels can be defined as a sequence and repeated multiple times
(Loops). Also, the sequence can be made conditional to definable thresholds.

A sequence can be defined, by checking the "SequenceStart" and "SequenceEnd"
parameters, at the desired Levels. All the enclosed Levels will be part of the sequence-
block. The SequenceStart parameter has a subparameter "SeqRepeatCount" to define
how many times the sequence-block will be executed.

R | Mode | Propertiez |"u"a|ue | [rit
Made[1] |E cuntrnﬂ FFE=0100% for 10 3 +Sequencestart v on
Mode[2] E control E=-1.000% for 2 5] SegRepeatCount 3

The blocks can be recognized in the Level view, by the opening and closing square
brackets "[ 1" in the properties line, with the repeatcount before the opening bracket.
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The SequenceEnd parameter has a subparameter "SeqExitOnThres" checkbox to leave
the sequence-block when a Threshold value was exceeded. In this way, repeating
sequences can be defined that are aborted by a boundary condition. For example:
cycling charge/discharge of a battery, until the potential exceeds a critical value.

Li+Sequen-:eEnu:| [+ on
| SegEwitOnThres v 0On

Sequences can be started and ended at each level. The SeqRepeatCount can be defined
from 1-65535. Sequence-blocks can enclose other sequence-blocks (loop nesting), up to
8 levels deep.

11.Pretreatment before every frequency

For the potentiostatic Impedance technique "Constant E", the advanced method
parameter “Pretreat each freq” is added. By checking this option, the pretreatment
sequence is repeated before each new applied frequency.

During each pretreatment, the ac signal is removed, and the dc current is measured
once every second. The (subsequent) pretreatment measurements are recorded and
added to the Pretreatment data.

12.Add timestamp to exported ASCII data

When using "Export Data as ASCII", it is possible to add the time and date of the
measurement. This feature can be activated in the menu Tools>Datahandling options, on
the "Content Tabsheet", by checking "Add timestamp".

When activated, the time and date will be written on the first line of the Exported ASCII
file. The time corresponds with the Starting Time of the scan.

13.Monitoring Energy and Charge parameters

New features have been added to the Mixed Mode technique, that can be used for
example for battery testing. During Mixed Mode experiments, the Charge and Energy
state (for example of a battery) can be monitored against Time or Cycle number. To
access these features click on the Q button to the left of the Result Graph. The second
graph that becomes visible (as before) has now added to it a new bar with labeled
buttons (only in Mixed Mode). To select the display parameter click on the relevant
button:

1 Q/t: Charge vs. time

1 C%/t: (Capacity/Nominal Capacity) * 100% vs. time

M1 P/t Power vs. time

1T U/t Energy (U) vs. time (integrated P/t plot)

1 Q%/cls: (Q_discharge/Q_charge) * 100% vs. Cycle nr.

1 U%/cls: (U_discharge/U_charge) * 100% vs. Cycle nr.

1 C%/cls: (Capacity_discharge/Nominal Capacity) * 100% vs Cycle nr.
1 Uc/cls: U_charge vs Cycle nr.
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The Nominal (battery) Capacity is a user defined parameter in the method parameter
Data Options/Electrode, in Coulombs. Note that 1mAh=3.6C. The numerical data vs.
time, can be viewed/exported from the Result Data Tabsheet, using the Extended Data

(FES
_Pa |
_un |

/ol

ma

Current

option.

For plots against Cycle nr., it is necessary to have each cycle loaded as individual scan.
Check "Cycle separate" in the method parameters. By default the plots are only updated
after a button on the bar is pressed. Optionally, the plots can be updated automatically

rmc

Charge

100_]
50_|
o_]
0 ) 10
time
f
| 1.4
| 1.2
| 1.0
| 08
| 0B
0 : _ 10
time

in rea Itime while a scan is in progress, by checking "Automatic charge calc." in the
menu "Options/Settings".
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14.Mixed Mode at Controlled Power

In the Mixed Mode technique an extra control mode has been added. Next to controlled
E/I/OpenCell/Z in Mixed Mode, also the applied Power can be controlled: P Control. The
Power is defined in Watt, and is calculated from the product of the (S-RE)-voltage and
the WE-Current.

Levelz |2 ﬁ Inzert Level | Delete Level | Properties for Level[2)
| hMode | Froperties |‘-Ialue | it
Maode[1] |P control P=30.000m" for 100 £ ar unti: Ex1.500% P applied 00000 |
Mode[2] |P ant[gﬂ P=-10.000rm% Far 100 5 or until: E<0.500% Dwration 100 =
E control +nitil E» [ 0w
+LIntil E< V¥ On
value 0e00 | Y
+LUntil [ [ i
+Lnitil 1< [ o
+Lntil il > [ o
+Until &< | Of
+Untl dénl Adte [ o
+An0ut] [ o
+Digouts [ oK

Clogze

A positive applied power means that the instrument will apply a positive current, and a
negative applied power will generate negative current. Note that the potential can be
positive or negative in either of the latter cases; the sign of the "real power by the cell"
depends on the object. For example for an active object, such as a battery, a positive
applied power means that the battery is being charged by the Energy of the instrument,
while for a negative applied power Energy will be drained from the battery, but the
battery voltage in both these cases is "positive".

In "P control" mode, the instrument uses a fixed Current Range. AutoCR cannot be used.
For the best performance, it is advisable to select the best initial Current Range and
Potential Range.

15.Remote driver .dll update and version control

The IVIUM_remdriver.dll has been updated to version 3. I\/I l E 'M
The version can be read by the calling program with the

"IV_version" function that can be imported from the .dll. It
returns an 32bit integer with the version number.

x]

The req u | red IVIU M_remd riVer ve r'Sion for IV| u mSOft can be |viumSoft waz developed by [vium Technologies, to work,

verified in the top menu option "About". Clicking on this Will | i the ivium designed Electrachemical,
open a pop-up window. At the bottom left the IviumSoft

release version is given, behind it between brackets [..] the
IVIUM_remdriver.dll version it corresponds with. E-Mait info@ivium.ni

hittp: A v iiinn. nl

Releaze 2200 [3]

analyzers,
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16.Labeling and Bookmarking Datafiles

Datafiles can be labeled with a description and/or bookmarked for convenient recognition
and later retrieval. Directly above the file history list, a field is available where the
"Description" of the selected scan can be entered. The new description can be stored in
the datafile by pressing the Apply button.

File ©ptions Tools Help About
Connect b51721 hd Tméd 5 ervice - |[isp10_25_test |1 charel - Sigview ‘ BatchMode‘
Direct  Method } Fesult graph I Result data |
[ LAl scate <] | || snabsic <] Edit = ZiPn Re Cs| 220 | v | Ziea| viheq | spsion| Tanid)| coke |
+|- Cyclicvaltarmmetry ~ Scanl Dlay]
+| Transients Scan 1 ’m
+|- Electménalysis
= Impedance 3.00] Hide all
ED"Stam |E e Show al
onstant - Zm 4 . [~ Hide previous
alue Unit Car 205 @ Al extradata
Title Scan 1 £ E
w| = f=] v|[031 4llmpedance
E start 00000 ¥ o %
E quilibration time os :Cm E 290 | 2 ;
Frequencies % J F g’ $
Current Range Trnd pre =) g_
+Moize Reduction | [ 0 - 285 !
+Fivedgain: [~ of e ’ 0 Delete
. " Cs
Filter automatic | I | I | Delete
Coupling il I 2 3 4 5 B Du
ata appear
Stabilty aulomalic B 10log(frequency) Hz
Connect to Cel-4EL
D Cell il Tg
[ — 0 Files | Scanid PNscans ‘ Date Description | T echnigue | SH | Chan | Cycle | Statuz | File -
- Brurk 0314 1 2013/09413 161337 Impedance of Cell R EIS Estat  B51721 1 14 100% C:h Mib2hamp
Calibration mode: 65280 E | 964 1 201340423 14:42:24  test of LSV L5% Std BS1721 1 5 100% C:hhispl0_g!
fndloginputs nane s 1 23023144475 soan 3sf LSWsd Bz 1 3 100 G hispl 4
= 0360 1 2013410/23 14:40:48  scan 1 L5Y Std BE1721 1 1 100% C:hhispl0_4!
0365 1 2013410423 14 zcan B L5Y Std BS174 1 E 100% Ch.hispl0 4
| | 0362 1 201310423 14:40:51  zcan 3 L5V Std B51721 1 4 100% Ch hizpl0 40w
£ >

This description will appear in the 3™ column of the filelist. The description text can be

of unlimited le

ngth.

Datafiles of special importance can be bookmarked, by checking the Bookmark box and
subsequently clicking "Apply" (unchecking the button and clicking "Apply" will remove

the Bookmark. Bookmarked files can be recognized by the underlining in the file history
list. Directly to the left of the file history list, there are 2 buttons:

[Files]
[Bmrks]
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Bookmarks can also be set/removed by right-clicking on a datafile in the Historylist or
Bookmarklist, and selecting the appropriate item form the popup menu.
In the Data Explorer, bookmarks can also be created. A list of all bookmarks files can be
shown by selecting the "Bookmarks" branch in the root of the Projects tree (on top).

= Exploring project isp10_45_test : 512 files

Projects l

Bookmarks
- b2
ampparize
izp10_45_test
testdynamic

[I0_ | N [Date | Project | Description | Method [ Tech [sM [ cyc[ch | Fie

0964 1 201310/2314:4224  izpl0 4. testof LSV L5V Std B51721 & 1 - Ngp10_45_test\096413
2 S Impedance of Cell Bx 2hamppar 31410
0314 1 2013/09113 k Set Bookmark Scan 1 EIS Estat BE1721 L Alib2hamppariz24 031 402
0367 1 2013410423 Copy File scan Jaf L5W Std BE1721 L Nsp10_45_test\ 09671
0964 1 2013410/23 Delete File dit iz een testrun 2 LSY Std BE1721 2 hispl 045 testh096413
0736 1 20131040 voowes—wmpro—w.  scan 3 TR Mxhdo..  A25325 sl 045 testh\ 07361
0737 1 2013A0A016:2759  ispl0 4. scand TR Mxhdo..  A25325 sl 045 testh\ 07371
0360 1 2013A0/2314:40:48  ispl0_4.. scand L5W Std BE1721 . Sispl0_45_testh036013F
0964 1 2013A0/2314:4224  iepl0 4., ditis een testun 2 L5W Std BE1721 ispl0_45_testh\096413
0734 1 2013A0A016:01:30  ispl0_4.. scani TR Mxhdo..  A25325 ispl0_45_testh\ 073413
0738 1 2013A0A016:0203  ispl0 4. scan?2 TR Mxhdo..  A25325 ispl0_45_testh\ 073513
0770 1 20131041 16:30:39  ispl0_ 4. scan?2 L5W Std B5172E ispl0_45_testh\ 07701
0771 1 20340411 168:31:28 isp10_4... scan 3 LSW Std B51726 . hisp 1 0_45 besth 077113
0738 1 2013A0A016:28:30  ispl0 4. scanb TR Mxhdo..  A25325 sl 045 testh\ 073813
0739 1 2013A0A016:23:09  ispl0_ 4. scanb TR Mxhdo..  A25325 sl 045 testh 07391
0740 1 2013A0A016:31:25  ispl0 4. scan? TR Mxhdo..  A25325 . Sispl0_45_testh 074013
n7ra 1 2MAANATARANR7 dandll 4 aran 1 1 5V St RR177R Nisn 1N 4R testN7RATE Y
£ >

Walue Unit |

Title Scan 1

E start oogon Y 3.00]

Equilibration time 0s | 4 7

Frequencies 36 J £ 295 E

Current R ange Tmé = o

; . (=} [

+MNoize Reduction [ (Of =~ k=]
+Fixedgains i % 2,90 L2 3

Filter automatic o ol

= =

Coupling 1] —_— C.L

Stahility automatic 2.85 o

Connect to Cell-4EL

CrurarnyCell 0 |2 |3 Ix'l I5 iﬁ

Detectar config i v 1 C'Iog(frequency} MHz

LoadFie | addFie | Concel

17. ECN direct transient analysis

In addition to the possibility to analyze ElectroChemical Noise (ECN) data in the
frequency domain (Fourier, MEMS, etc.), now the time domain transients can be

evaluated directly.

On the "Time domain analysis" tabsheet of the Electrochemical Noise Analysis tool, both
the E and I data can be analyzed, in segments over time: the full length of the ECN E or
I data is divided into segments of user defined duration, to which the selected analysis is
applied. The segment-results are plotted vs. time.

Several analysis are available:

Rp:

=A =4 4 -4 -4 -4

Inoise Std.dev:
Enoise Std.dev:

Pitting index:
E transients:
I transients:

standard deviation of the current signal
standard deviation of the potential signal
Enoise Std.dev / Inoise Std.dev

Inoise Std.dev / mean current

number of E transients* in each segment.
number of I transients* in each segment.

*A transient (or peak) is counted when its absolute difference from the "average
segment value" exceeds the defined threshold. Note that consecutive points that
exceed the threshold do not increase the transient (or peak)-count. These are

assumed to belong to the same transient.
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Close:

The selected time analysis is performed by clicking the "calculate" button. The results
are shown in the graph, which can be copied by right-clicking on the plot and selecting
"Copy". The numerical results can be copied with the "Copy data" button, and can be
pasted into other applications (Excel, etc.) in the usual manner.

18. Prevent IviumSoft from closing while measurement in progress
If the IviumSoft application is closed, active/running measurements are aborted and the

data is lost. When the user attempts to close the application while a measurement is in
progress, a message will popup:

9 Closing application will terminate measurement, Data will be lost,

Cancel |

Responding with "OK" will close IviumSoft and the data is lost. Selecting "Cancel" will
ignore the attempt to close Iviumsoft and continue the measurement. Note that the
popup will wait for a response while the measurement continues. A response is needed
before IviumSoft can accept new commands or settings.
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19. New help file

IviumSoft is equipped with a 'help' function that is content sensitive: this means that
placing your cursor or making a selection and pressing [F1] will automatically open the
help file on the subject that is selected.

Starting at IviumSoft version 2.301 the help file is based on and compiled in .html. This
means that if you have an existing IviumSoft installation the old help file does not work
anymore and the new .html help file needs to be installed (instructions, see below).

The new .html help is expanded to include the complete manual. Next to the content
sensitive help, of course the help file can also be opened from the top menu bar. In this
case the complete contents of the help/manual are displayed by subject in logical order.
The help/manual can be searched for example by subject or keyword.

Future releases of IviumSoft, when relevant, will also include a new help file. New
features of the new IviumSoft release are included in that new help file.

Installing the new help file

New installation: The newest help file will be automatically installed when first
installing IviumSoft from the installation CD on a PC.

IviumSoft update: When IviumSoft is updated from our webpage at
www.ivium.com/support, a new helpfile (IviumSoft.chm) is included
in the zipfile and should be copied together with the IviumSoft.exe
to your IviumStat file directory.

20. Hiding noncompliant data in ResultGraph

Previously all loaded and/or generated data would be visible in the ResultGraph, i.e.
when an LSV was executed after an impedance (EIS) experiment without deleting the
EIS data, the LSV data would be plotted in the EIS graph. This would cause the
data/graph to look erratic.

Now, only data will be displayed that is compliant with the active plot. So in the previous
example, the EIS data would be hidden from view after the LSV started. Note that the
EIS data is still there. If thereafter another EIS experiment would be run, the older EIS
data would become visible again (and the LSV data will become hidden).

The display mode always follows the active scan. Previous recorded/loaded scans will
only be visible when these are compliant with the current display mode. Note that this
will make it now possible to meaningfully combine results from different techniques in 1
dataset.

When multiple scans are loaded, containing data recorded with different techniques, the

hidden ones can be viewed by mouseclick, while keeping CTRL pressed. This will make
the clicked scan active, thus redefining the plot "mode".
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21. ChronoSequencing in BatchMode

In BatchMode, it is possible to display the time Direct  Batch |
scale of the ChronoTechnigue methods relative
to the starting time of the Batch. When multiple “ LD&dBﬂtchlSaveEatchl
techniques are executed in sequence, their time
variable accumulates. This mode is actived by
checking the "ChronoSequencing" checkmark, on
the Batch tabsheet.

Add Iinel Delete Iinel |nzert Iinel Test |

ChronoSequencing

Note that if the "cleargraph" option is not used _ |Line | Properties |
in batchmode, one can view all the Chrono Line[1] Empty
results in one plot, in a chronological manner. Line[2] Emphy

Line[3] Empty

22. Realtime Impedance

The 'Mixed Mode' technique allows the recording of Impedance data simultaneous with
DC results, in real time. The minimum interval time to allow real time impedance
measurement has been greatly reduced from 0.2 sec to 0.002 sec. But note that at
interval times shorter than 0.2sec, the AC signal is always continuously applied
(regardless of Continuous AC option). At interval times longer than 0.2 sec the AC signal
is only applied at the last portion of the interval.

To make use of real time impedance the the condition must be observed that:
the Signal Frequency must be higher than (2/interval time).

23. ECN: Signal averaging

Normally the signals for each time interval are recorded at the last portion of that
interval: i.e. the signals are sampled at high speed and averaged during a sufficiently
narrow period, that is automatically chosen by the instrument. The option has been
added (in the ECN technique only) to allow the user to override this and redefine the
period by using the "Signal averaging" parameter:

MEHILYE L ridl | | Hli;

ignal averaging i [v On

Full interval v on
Aveeraging hime o020 =
PRI P — e

By checking the "Full interval" option, the data is measured and averaged during the
whole interval period (note the similarity with the current integration techniques).

If the "Full interval" option is left unchecked, the user can define the "Averaging time" to
any other value between 0.0003 and 10 seconds. Normally the Averaging time would be
a fraction of the interval time, but it is also possible to use larger time periods. In that
case, the averaging also uses the previous datapoints, and in fact will become a digital
lowpass filter.
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24, ECN analysis: digital low pass filtering
In ECN analysis, an option for digital lowpass filtering has been added:

= Electrochemical Noise Analysis E E ﬂ

Time domain analysiz  Frequency domain analysis l Baszeline remove ]

split Elgraphs ~ CopyFFT | CopyMEMS

Analyziz type

Noise power spectra & FFT
105 " MEMS
< 12 " FFT + MEMS
r= 14 MEMS coefficients
= 10
g‘; j
=) 16 “window function
- 18 " none O Hann
1 " Bartlett ™ Hamming
. -1.0 0.5 0.0 05 1.0  welch ¢ EBlackman
2 -4_| Low Pass Filker
—_ Iv Applyorder 10 ﬂ
i B_| frequency 4Hz
f=2]
=} i
=) a_ Iv Subract bazeline
=
[~ Calculate Rinoise
40 a5 0o 0s 10
10log(frequency) Hz

Cloze

In the frequency domain a filter function can be applied by checking "Apply". The
frequency and the order can be set by the user. The frequency will correspond with the
cut-off frequency: at which half the signal magnitude is attenuated. The order gives the
"slope" of the filter: 1%t order = 20dB/decade, 2" order=40dB/decade, etc.

25. Power optimization for active Cells.

A new mode has been introduced in the "P-control" of the Mixed Mode technique. This
"P-maximum" -setting facilitates the further investigation and operation of active cells,
such as Batteries, Fuel Cells, SolarCells, and other power generating devices.

The power that a device (Cell) generates is dependent on its Potential/Current settings.
Often there is a certain E/I setpoint that yields maximum Power. That point is not
known in advance and/or is constantly changing, i.e. consider a Solar Cell for which the
incoming light is variable. When the "P maximum" option is checked, IviumSoft will
automatically select the E/I settings that yield maximum power. The Potential/Current
settings are continuously adjusted, so the device is always operated at it maximum
power output.

Note 1: The P-maximum is software controlled, based on real-time measured values.
Note 2: The P-maximum point is re-calculated at each 'interval time', so the shorter
the interval, the faster the 'control loop'.
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Stages

Levels |3 j Insert Level | Delete Level | Add Level | Add protocol | Properties for Level[1]
} |Mode |F’ropert\es |Va\ue |Umt
I Maode[1] |P Euﬂ[[uj at marimurn Power for 10 ¢ +SequenceStart ™ o
Mode[2] E control E=0.000V for 10 5 P maximum ¥ 0On f
— 10 -
+Urtil Ex I o
+Urtl E< I ow
+Urkil 1> I ow
+Urkil 1< I ow
+Urtl Al I o
+Until Anl< I o
+Until danl Adts I o
ExitScanOnThres [ Qff
+An0utl I i
+Digauts I i
+SequenceEnd ™ o
Clase

To operate a cell at maximum power, in Mixed mode technique, Levels, select P control.
In the Properties check "P maximum".
This mode can be used like any other Mixed Mode regime, and can be sequenced at will.

26. Importing Protocol Templates in Mixed Mode (PITT, GITT)

To facilitate the compiling of complex sets of method parameters, it is possible to add
standard protocols. At this time, there are 2 protocols available for Battery testing: GITT
and PITT. Over time, more will be added.

To add a protocol to a Mixed Mode sequence, select the Mixed Mode technique. From the
method parameters, open the Levels window. In the menu bar at the top of this window,
click on 'Add protocol'. This will open an additional pop-up window for selecting and
changing a, predefined, protocol. The protocol parameters can be edited before adding
the protocol to the Mixed Mode. But, after adding the protocol, the lines can also be
edited; they appear as "normal" lines. In this way the protocols can be used as
templates, that are flexible and can be adjusted to any specific requirements.

I |
Levels  [4 j Insert Level | Delete Level Add Level | Add protocol Properties for Level[3]
[Mod= [Properties [value [uric
Made[1] | contral 100071=0.000 & for 30 s +Sequencestar % on
Model2] | cantral 1=0.001 A for 30 5 or until. E>2.5001] SeqhiepeatCount 1000
Model3] |1 control v || 100071-0.000 & for 30 s | applisd 0000 A
Mode[4] | cantral 1=-0.001 & for 30 s or until: E<0.500%] 1 ws Iprew I or
+Sweepl ™ o
Duration a0 =

=& Add protocol to sequence

fsply s 300 [s =
Elimit Hi 25 =i
Mo =l

Elimit Lo 05 v
Clase
. Max nr of pulses | 1000.0 -
Filter autol
Stability auto
Analog inputs nane
+AutoCR r
AccumulateCharge| [
+Cell after meas r—
Dats Options
+Data reduction r
+AL5¢ —
+Anout2 — |
+Modules r—
Feport Clase | 111
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27. IviFit - IviumSoft Equivalent Circuit Fitting

The Equivalent Circuit fitting tool, that comes included with IviumSoft, has been greatly
enhanced.

27.1 Increased visual grid

The visual grid has been increased from 5x5 to 8x8 component positions (25A 64). This
allows for easier building of complex circuits, and it allows even more complex circuits.

= Ivium Equivalent Circuit Evaluator

Fil= Edit Cptions R
Graph | Dat.
Rlclwla|lL|T|o|a]-|del ot |
Hescale| 2D | a0 | Dption| [rata | lZI,F‘h\|F|s, Cle',Z" Y'.Y”| enors|KKlest|
*E3 q A A =R
Al Al Equivalent Circuit Fit

S i I J

Accept | Clear Suggest Circuit
Model |RT+RZTI+RIT2 .
adel |\I‘| 2|
oo |R1RZCTIR3C2) ~| Spply
‘Par |Fixed |Value |Err0r"/° |Min ‘Max |Unit
Parl1] R1 I 1.725E+03 | 2.6E-14 1.0E-4  1.0E+13 Ohm 0_|
T
Parf2] R2 r B7F41E+03 | 1.0E17 1.0E-4  1.0E+13 Ohm 0
Parl3] R3 I 1.019E+03 | 2.6E-14 1.0E-4  1.0E+13 Ohm
Parl4] C1 I 2727E-06| 31E-05  1.0E13 10E+ F Z' *E3
ParlS] C2 r 1.014E-07 | 7EE-06 1.0E13 1.0E+ F -
Fit from 0 - To 0 - Click on points to select range
Fit progress
iterations 25 chisg 5.1E+00 [ User defined Startvalues Simulate Accept Cancel

27.2 Improved modelling algorithms
The modeling has been optimized in several ways:

I The fitting is mathematically more robust, avoiding numerical error messages.
I A higher success rate is obtained due to better coping with “local minima”.
I Better algorithms are applied to deal with difficult components, such as CPE (Q).

27.3 Automatic generation of startvalues

The modeling tool is now capable of generating its own starting values. This is
convenient for the user, and it obtains better endresults. Therefore by default the
starting values are automatically generated. Optionally, the user can still apply their own
starting values by checking "user defined startvalues".
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27.4 Automatic circuit suggestion

When the equivalent circuit is not known, the Ivium Software can suggest a circuit that
would fit the data the best. This is done by internally evaluating several standard
circuits, and comparing fit quality. At this time only combinations of R,L and C are
included.

27.5 User definable fit boundaries

The user can set boundaries for the fit-able parameters. In the circuit evaluator window
slelect Options/Fitting Options; here the default values for the parameter types, and
their allowable limits, can be set. These will be applied as starting values for newly
created circuit parameters. The boundaries can also be individually edited after circuit
creation in the actual parameter grid.

[ ptimize Fit parameter defaults and constraintz
& Fand 2" default mir mas uinit
~ Zabs R 0.000 1E13) Ohm
C 1E-E 1E13 10 F
i =
L 2E-B 1E-10 10 H
lﬂ"' n
< W 100 1E12 1000000
[ phase Q 100 1E-13 100
Error weight En 0495 n7 1.1
* equal far each paint T 100 1E-1F 100
" prop. to abzolute impedance Tn 0.33 0.7 11
0 100 1E-1E 100
" prop. to value
On 0495 0y 11
G 100 1E-1E 1E15

Ok |
Gn 0.95 07 1.1

27.6 Graphic selection of fitting range

The range of data points to be included in (or left out of) the fit can be selected
graphically: simply mouse-click on the outer data points to be included in the fit range.
The fit range is shown in highlight. Only the included (high lighted) datapoints will be
used in the numerical modeling and simulation.

Graphic selection of the fitting range is available in the plots: Bode, Nyquist, RsCs, Y1Y2.

27.7 Kramers Kronig test

Data can be validated by means of the Kramers Kronig test. When you press the
“KKtest” button, the KK plot will be generated.

Ivium Technologies © R2.6XX 29



27.8 Time response reconstruction from the equivalent circuit

Time responses can be calculated from the equivalent circuit. Equivalent circuits are
normally modeled from the Z vs. frequency relation. However from any equivalent
circuit, the E&I vs. time relation can be reconstructed also. This might be useful for
educational purposes, or verification of particular measurements in the time domain. It
can be selected by clicking the "Time" button. There is a choice between various
potential perturbations: SquareWave, Cosine, Impulse, Sweep, Sine, Step, Triangle.
These perturbations can be applied either in potentiostatic mode (: apply E and measure
I), or in galvanostatatic mode (: apply I and measure E).

= Ivium Equivalent Circuit Fvaluator

File Edit Options K
Graph | Data
Rlc|lwlalL|T|lola]| - |del lose |
Hescale| | | Option | Data ‘ ELPhi | Rs. Cs| Z, Z"| " Y"| erars | KKtest] Time
A1 E3 )
Time response
A1
|10
1 10
1 04
05 B
Accept | Clear Suggest Circuit 0.0 0.0
Madel [RT+R2T
coc  [RIR2CT) | tpply / Clear - ] w
= 05 a5 =]
|Par |FIHEd ‘Value Emorz ‘Mm ‘Max |Um| = e S
= b [=]
Pafl] RT | 1.004E+02 067 1.0E-4  1.0E+13 Ohm Q i o
Paf2] B2 [ 9.975E+02 1.45 10E-4  1.0E+13 Ohm J
Par3] C1 r 9.518E-07 1.61 1.0E-13 1.0E+1 F 10 1
] |10
| ' | ' | ' | ! T ! T
0.000 0.002 0.004 0.00& 0.008 n.oio
time
Squarewave v Amplitude 1.0 Frequency | 100 1 vs time |
Fit progress = B
iterations 27 chisg  1.9E-01 [T User defined Startvalues Simulate Accept Cancel

For SquareWave, Cosine, Sine and Triangle, also the frequency can be chosen.
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5 Ivium Equivalent Circuit Evaluator
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File Edit Options
Graph | Data
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Time response
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6]
C1
4
Accept | Clear Suggest Circuit
=
H
Model [R1+R2C1 =
=1
coc  [RR2CT) =1 Apply/ Clear Q
= 2]
|Par |Fixed ‘Valua Enor; |Min |Max ‘Unit 3
Pall]l R1 [T 1.004E +02 067 1.0E-4| 1.0E+13 Ohm =l
Paf2] R2 [ 9.975E+02 1.45 1.0E-4 | 1.0E+13 Ohm
Pafd] ©1 [ 9.518E-07 1.61 1.0E13|  10E4 F
I ! T ! | '
0.000 0.005 0.010
time
Impulse - Amplitude 1.0 Logli] vs time
1'vs time
Fit progress
terations 27 chisg  1.9E-01 [~ User defined Startvalues Fit Simulate Acoept Cancel :xz EEJHEE‘:E]
 Loalil vs lime

It is possible to transform the axis, evaluate the time dependence of the signals: see the

indicated example above for the linear relation of the Logarithmic decay of the impulse

response on an RC network.

28.Recovery of data from a .tmp file

During a (long term) experiment, IviumSoft automatically saves
data in a temporary datafile at regular intervals, to prevent loss
of data due to an unforeseen communication loss between
computer and potentiostat (See also paragraph 3.3). The default
automatic saving interval is 600 minutes, but this can be
changed by the user. The first automatic save is in a standard
Ivium datafile (.idf) to additionally store the method parameters;
subsequent automatic saves are done in a .tmp file that only
contains raw data points. When each next interval passes the
data is appended to the .tmp file (so there will always be only
one .tmp file per experiment). At the end of the experiment the
data is automatically saved as .idf (.ids) file and the .tmp file is
deleted. However, when communication is lost between the
computer and the potentiostat, and/or the IviumSoft crashes,
the final .idf cannot be formed. But the available data is then still
stored in the .tmp file.

The data available in the .tmp file can now be easily recovered

File Options Tools Help About

Data Explorer
Save dataset in project
Save method in project

el

Load data

Save data

Add data

Load dataset

Save dataset

Save Visible DataSet

Load method

Save method

Load Batchfile

Save Batchfile J

Export data as ASCII 1

Export DataSet asAscii

Import data as ASCIT 0z

Import CSV :
10.0

Exit

1a00

Tmd
Potential range 4

Current Range

by importing it, using the "Import CSV" command from the "File" menu.

Note that, because the .tmp file only contains raw data points and no method
information, if you wish to recover a .tmp file from a fresh instance of IviumSoft, you
should first load the .idf file with (containing the method information) and then import

the CSV.
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29. New Batch Mode parameters
29.1 EditMethod: AddindexToValue

For Batch Mode, the "EditMethod" command has
been extended with the possibility to set/modify
method parameters automatically, where the
parameter value is calculated from the Loop index
counters. In this way ranges of measurements can
be scheduled, with regular changing parameters.

The "AddIndexToValue" parameter has been added
to the "Line properties" or the "EditMethod"
command:

When the "AddIndexToValue" parameter is checked,
the new value of the selected parameter is
calculated as follows:

Newvalue =
ValueText + (Loop_index * IndexMultiplier)

1 The 'IndexMultiplier' is user defined and can be
any value;

Notel: the 'IndexMultiplier' is the increment for
the 'Parameter' with start value 'ValueText'
Note2: that no check is executed to see if a
valid 'Newvalue' is achieved, it is the users

"Direct  Batch |

“ LnadBatchl Savel atchl

Add Iinel Delete Iinel Inzert Iinel

Test |

[~ ChronoSequencing

| Line | Froperties I
Line[1] Definet ethod LinearSweep
Linel2] Loop LoopCycles=4

Linel[3] Executebethod

Linef4] |E dittethiod
Ling[5] LoopEnd

j Farameter=5 canrate

Set Line[4] propertie
IVaIue |Unit |
Pararmeter Scanrate
YalueT ext 0.0a
+AddindexT oV alue |7 On
Indextdultiplier om
IndexFromlLoop 0
Incremental I_ 0OFff

responsibility to choose the 'IndexMultiplier' value wisely).

1 The 'Loop index' is the actual value of the Loopcounter during the running batch.

1 The 'IndexFromLoop' parameter allows you to select which Loopcounter is to be
used, if multiple Loops are nested. A value of 0 means that the actual (inner)
Loopcounter will be used, for an 'IndexFromLoop' value of 1 the Loopcounter of 1
level higher will be used, etc. When that number is higher than the outmost Loop,

the outmost Loopcounter will be used.

In the Batch example above an LSV is created [Linel] with a Scanrate of 50mV/s. In
Loop #1 the LSV is executed with Scanrate = 50mV/s =0.05V/s [Line3]. Then the new
Scanrate is recalculated [Line4] to become: 0.05+(1*0.01) = 0.06V/s = 60mV/s. Then
Loop #2 is executed with Scanrate = 60mV/s, etc. In this example, 4 loops are executed
with subsequent scanrates of 50mV/s, 60 mV/s, 70 mV/s, 80 mV/s.

NOTE: The "Incremental" parameter in the "EditMethod" Line properties has the usual
meaning. It will add the previous value to the new value. Note that if you enable both
"AddIndexToValue" and "Incremental”, it creates a complex situation which will quickly
run over parameter limits. Therefore it is not recommended to use both options at the

same time.
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29.2 DirectCommand: WaitForAn1l

This feature allows a batch to wait for a specified

analog voltage on the peripheral port (Analog
Inputl). The value can be specified in the "Until
An1>" field. Also a "Timeout" value may be
specified: after this time the Batch will continue
regardless the state of the analog input.

29.3 DirectCommand: ExecuteProgram

In BatchMode a nhew command has been added
to the 'DirectCommand'’ line to enable that
external programs can be executed in a
controlled manner. In the DireccCommand
batchline, "ExecuteProgram" can be checked:

The following sub-properties appear:
1 Program Name:

Enter the filename of the program to be
executed, using the path below

1 Path:
Location of the program; If left empty,
the executable will be assumed to be in
the same folder as IviumSoft

T Command Line:
Optional parameters to be transferred to
the external program

1 ScanAsCmdline:
If checked, the last recorded scan
filename will be used as command line

1 WaitUntilFinished:
If checked, the batch will be paused until
the external program is finished.

Add Iinel Delete Iinel Inzert Iinel Test |

[T ChronoSequencing
Line Propertiesz
Line[1] | DirectCommand jWaitFnrﬁ.n'l
=Set Ling[1] propertie
I"v"alue |L|nit |

+5cheduler [ ok
+5ettduxChannel |_ 0ff
+5etwE32Channel I_ 0
+SetDAl [ ok
+5etDigOut |_ ]
+4/ sitF arDigin [~ on
+ aitF ond |7 On

nkil &l 1000 M

Timedut B0 %
+E secuteProgram |7 On

Pragram Mame  Program.exe

Path

Command Line

SeandsCrdine [ Off

W aitl ntilFinizhed |_ 0ff

W ik 5z
W aithdinutes 1 rmin
" aitH ours 0l hr

30. Changing corrosion rate unit: mm/yr to mpy

To change the unit of the displayed/calculated corrosion rate in IviumSoft from mm/yr
to mpy (milli-inches per year), the following steps should be taken:

1 Open IviumSoft and navigate to the Options tab at the top left hand corner.
1 Select 'Datahandling Options' from the drop down menu.

File | Options Tools Help About

jltempfiles

<1 | sigview [potchodel

jh chanrel

- Datahandling Options
Dire  Reaister idfjids files

[z F”Eovuwmmm ||Fadvanced

Ivium Technologies © R2.6XX

Result graph | Fresult datal E scanl

33



"Storing data  Content
1 The pop up box shows two tabs, select the 'Content’ S — |

b Exported data

tab. .

[ Add tirmestarn,

1 In the box 'Data display' check the field to use i
mpy instead of mm/yr and click [ ety
'Apply' ————————> | ¥ mpyinstead of mmdyr
Close the box.

=A =4

Displayed data will now be in mpy (milli inches per
year).

Cancel

31. Corrosion techniques: Corrosion Rate Monitor > data (2.566)

31.1 View & Export OCP-data

1 Corrosion Monitoring data in the table in the Result data tab now lists an extra
column with the Eoc values.

1 When exporting the data in this table, also the Eoc values are exported.

31.2 View and Export LSV-data

1 The LSV data belonging to a Corrosion Monitoring experiment can now be viewed
in the table in the Result data tab, by checking the 'CorMon LSV' checkbox in the
Format group.

Note: this checkbox will only work if Corrosion Rate Monitor data available.

1 The LSV data can be exported as usual.

31.3 Eoc results data reduction

1 To minimize data file size, superfluous Eoc data is not stored.
1 Only the following data is only stored:

i. The first 5 points of each Eoc period;

ii. All data points where Eoc is more than 0.2mV different from the
last stored point;

iii. Data points after a maximum time interval of 10 minutes;
iv. The last point of each Eoc period.
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32. Select metal/alloy properties from table for corrosion calculation (2.566)

When entering material properties for Corrosion calculation, a library of predefined data
can be used to obtain Density and Equivalent Weight.

1 In the Method paramter > DataOptions pop-up, select the 'Electrode' tab.

=i x]

..-’-‘«naloglnputsl Ecomections  Electrode I

Electrode propertie:

P [ 1.000E 400 em2
b aterial Constant:

Drerzity I 786 04cm”3
E quivalent ‘weight I 2790 gleq

Select from T able

L

T afel Constant

Anodic glope Ba I 10 Yideo
Cathodic zlope Bc I 10 Video

Fief Capacity |1_DDE|E+[ uF
Battery Capacity |1 O00E -+ méh

Set default | Apply to zelected data | Apply to all data |

1 Under 'Electrode properties in the 'Material Constants' field a table can be opened
by clicking "Select from Table"

Corrosion Table x|

b aterial I Content I Dens. gfcm’?l E quive weight a’gl
rild Steel Fe[100) 7879 27582
Stainless Steel 130T Fe:Cr [87:13) 7o 26.44
Stainlesz Steel AISI310 Fe:CrMiMo [F0:18:10:2) 7.960 26.05
[hconel 625 MiCrMoFeMNb (B2 22:3:3:4] 3.880 2773
Alurninivnm Al100) 2700 897
Alurninium Shdg Alkdg (95:5] 26582 916
Titariunn Ti[100) 4 600 1223

Accept and Cloge

1 Mouse click on the desired material to select it, the click 'Accept and Close' to
copy the selected data to the 'Material Constants' field in the Data options.

33. Voltage range extension for the True Linear Scan (vs. 2.585)

The True Linear Scan generator (LinScan) is a payable option available for Ivium
potentiostats. The voltage range for the LinScan option has been increased from £2V to
the full applied potential range of the potentiostat and the same resolution as the applied
potential range. The resolution of the LinScan reflects on the E-start, E-step and Vertex
potentials, the applied signal itself is analog.
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34. IR compensation ElectroAnalysis and True Linear Scan techniques (vs. 2.585)
IR compensation has been implemented in an additional number of techniques:

- True Linear Scan (TrueLinear LSV and CV)
- Differential pulse

- Square wave

- Normal Pulse Voltammetry

It is available via the method paramter "IR feedback" and compensates for ohmic drop in
the sample, via the direct feedback method. The instrument will increase the cell
potential by the amount that is defined by the product of current and compensation
resistance. When using IR compensation, care should be taken because
overcompensation will result in instabilities.

35. Enhancement Result Analysis (vs. 2.595)
35.1 Advanced Peak search: Adjustable multiplier for charge

In the Analysis>Advanced peak search, the parameter "Convert result" is added. The
Convert result is activated by checking the box. When checked the "*factor" can be
entered. The charge is multiplied by this factor to achieve the result. The unit of the
result is determined by the units of the factor, and can be edited by the user. In the
example below the unit is made to be g/cm?. The converted charge to g/cm? value (in
this example) is displayed in the last column of the result table.

=5 Search Peaks |0 x
= 3

"Baseline subtract  Peak search |

| Automatic peak find I | “ ReScale  Copygraph Copy peaks |
—Search parameters automatic peakfi.nd— pA Fe in KNO3
IVaIue |Un|t I;I
Find method 2nd derivat . !
Height rmode proportiona ]
inimurn height 0.050
‘width mode abzolute
Minimum width 0.025 10
Senzitivity 5 pnts
Smoothing 5 points
+Corvert result ¥ on 0
* factor £.300
unit g/cm? j =
- @
-
-
Manual peak addion—— | = -10
(&
Add marked peak |
[ mark OV reverse scan
Clear markers | = T T T T T T T T T
-0.6 -0.4 -0.2 0.0 0.2
Potential v
—Peak rezult
index positionS height/& waidth area | charge/C | g/om2 |
1 2.0566062E-05 |0.635 BAVINTEDE 1.07478922E-05 | B.7711280E-09
2 -0.245 1.2105205E-05 |0.430 271352213E-06 4.2704438E-06 | 2.6903736E-05

Clear all peaks Remove peak. nrl |‘| ﬂ Done |
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35.2 Find levels: Addition of inflection point and conversion factor

In the analysis technique Find levels a determination of the inflection point has been
added: after the first found level, the inflexion point is determined; this is indicated by
an arrow marker on the plot. The inflexion point IP is defined as the point with maximum
1st derivative, and the value is also shown in the result table.

The parameter "Convert result” is also added. The Convert result is activated by
checking the box. When checked the "*factor" can be entered. Subsequently checking
the "*charge" will multiply the charge by the factor (factor*charge). When the "*time" is
checked, the time will be multiplied by the factor (factor*time). When both "*time" and
"*charge" are checked, the charge will be multiplied by the time and the factor
(factor*charge*time).

The unit of the result is determined by the units of the factor and can be edited by the
user. In the example below the unit entered is gram. The converted value (to gram in
this example) is displayed in the last column of the result table.

The "Convert result" is also applied on inflexion points. The levels and inflexion points in
the table can be identified by the label in the 1st column.

Note that setting the parameter "Value reference" from "absolute" to "differential” will
effect that charge, time and converted result are all relative to the previous marker,
rather than absolute values.

-ioix
[Vl Et | H replat |c:0p_l,l graphl
Search far plateau
Threshold slope 0.005 v M t
Minimum separatior 500 = eting nr.
Walue reference  differential
+Corvert result [+ on @
* factar 0100 ﬁ
* time: [ o 15_] S
* charge |7 On b g =}
unit gram : m %
[=]
Smoathing 5 points B L]
1.0 =]
o
7 3
=]
[a®]
1 m
0.5_| 9
=]
— ol
i 3
= ]
k) 0.0_
o
o
05
I I I T I I I
0 20 40 60 80 100
time s
index time /3 height A4 |charge /C |va\ue faram ﬂ-‘
1: level 8.23E-M 4.02E-02 4.02E-03
Ci It
M 2P 34700 1.48E+00 1.04E-01 1.04E-02
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36. Synchronise Start of Ivium-n-Stat channels (vs. 2.606)

To facilitate the synchronised start of methods
running at multiple channels/modules in the same
Ivium-n-Stat frame, a selection parameter for
channels is introduced. This parameter
"SyncChannels" is available from the "Method" tab
as a subparameter of the "Modules".

When the box is checked it will suspend the start
of any method on the connected channel untill the
masterchannel starts. The masterchannel is
always in slot 1. If this is a dModule, the A-
channel is the master.

The "SynchChannels" parameter operates over
different instances of IviumSoft, i.e. if 4 channels
are connected in 4 instances of IviumSoft,
pressing "Start" in each instance will make the
channel wait for the start-trigger of the master
channel.

Note that when synchronisation is required, the
"Start" button of the master channel should be
clicked last.

In this way even different techniques can be
operated on different channels, but started at the
same time.

The synchronisation is executed via an internal
electronic connection and thus not affected by PC
or USB delays.

If for any reason the master channel fails to
deliver the trigger, a suspended channel can be
released by pressing "Abort".
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37. ACout pulse at level [1] (vs. 2.622)

In the Transient techniques ChronoAmperometry and ChronoPotentiometry a new
method parameter is introduced: ACout at Level[1]. When checked this allows the
application of a pulse of user defined E, from the peripheral port, during the application
of the first Level of ChronoAmperometry and ChronoPotentiometry. The pulse range is
+/-2V. The timing corresponds to the Level specifications. However, at HiSpeed, an
additional delay of about 8us should be taken into account, making the minimum
pulsewidth ca. 18ps.

Autoscale
38. CV plot analysis enhancements (vs. 2.622) Graph options

. . . . . Data appearance

When a CV plot is available in the Result graph window it can be
evaluated by right mouse clicking on the graph and choosing the Scale ¥ axis
option CV plots: Scale ¥ axis
Scale Z axis

Copy graph
Print graph

Set phase
Cv F|||:|E

Coulometric plot
The CV plots tool has several new features: oulometric plo

a. Integration tool: currents can be integrated to charge over the full forward or
reverse scan, or over a narrower user selected potential range.

b. Qvs. E: CV plots can be displayed as charge vs. potential. When choosing to plot
the CV in Q vs. E automatically the capacity is determined from the enclosed area
in the CV plot according to: Cap = 2 * (abs(Qf) + abs(Qr)) /delta_E.

c. Cap vs E: Capacity plots can be displayed; in this case the CVs are "normalized"
according to: Cap = current /scanrate

39. Coulometric plot analysis (vs. 2.622) ”Mdvanced ~[[Fraeect <1 ore

tesult araph | Result data |

A new analysis technique has been added to evaluate
Coulometric plots constructed from ChronoAmperometry- |Scale .| “ Ancisis | Edit |

data. The new "Coulometric plot" can be accessed from — Equivalent crauit
the Analysis drop down menu above the Result graph: E pA Spectral analysis
ah Earrosion rate

30i Peakfind automatic

— Peakfind advanced
’E Clear peaks

Electrochemical noise

I? Find Levels

) SolarcellReport
Ain

Curve Fit
ocp Electrolysisreport
pre Coulometric plot
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For each potential level (max 2), the Charge is plotted vs. the Sqrt(Time). According to
theory for diffusion limited reactions, this yields straight lines. The slope and intercept
are calculated by linear regression on the last 80% of the datapoints in each Level.
These results are reported in the panel to the right of the Coulometric plot window.

Note that the reported time is relative to the start time for each Level. Each Levels starts
at Time=0s.

= Coulometric plot
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40. Working with large datafiles (vs. 2.627)

When experiments produce a large number of datapoints (>1015), the Windows PC
system can become unstable due to performance issues. In order to ensure reliable
operation with such experiments, IviumSoft employs several strategies to ensure stable
operation of IviumSoft. The main feature is to limit the maximum number of points in
memory and visible on screen. Note that the excess data is not lost, but will be stored on
disk. The maximum can be user defined in the "Datahandling options" (see also
paragraph 3.3 on p.6):

MWS: The Maximum Workfile Size; default 400,000 points

In this new IviumSoft release, several changes have been made to ensure high
performance and enhanced user experience. Previously if data exceeded the MWS, the
oldest data was removed from the graphically displayed data. That removed data-section
was streamed to disk.

In the new approach, when data-length exceeds the MWS, all data is streamed to disk,
and the visual dataset is reduced in size by removing datapoints that do not affect the
appearance of the data in the graph. The data-reduction algorithm employs a reduction
approach that will result in data size that just fits in the MWS. The reduction is based on
varying thresholds. If a datapoint does not differ from its neighboring points by more
than a defined threshold, it is removed. The magnitude of the applied threshold is
automatically determined to keep datasize just below the MWS requirement. The user
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can thus always keep a complete overview over the duration of the scan, while still
capturing all its important features.

At the end of the experiment, the reduced data is saved as an ".idf" file (Ivium Data
File). That reduced data file will be about the size of the MWS. The raw data that is
streamed continuously during the scan, is saved in a separate file with the same name
as the .idf file, but with the ".ief" extension. Usually the reduced data contains all
important changes and features required for further analysis. However, if the complete
raw data is required, it can be restored:

1- In the Legends panel right mouse click the desired scan: the scan properties
popup will open.
2- Click the button [Restore Full datasize], and all data will be shown undecimated.

NOTE: for extremely large datafiles this may impair the performance of the PC.

Alternatively, the .ief file can be directly imported in an external program. Contact Ivium
for details.

When the option of "Timed saving" is selected (See data handling options, paragraph 3),
the raw datafile (.ief) is updated after every specified timing interval. This behavior
cooperates with the "MWS savings": the timing interval is determined from the last
saving event. Therefore, every triggering event for MWS saving, resets the clock for the
next "Timed saving event". When the MWS is chosen small, the Timed saving feature
becomes obsolete.

41. New functions Result Data (vs. 2.645)
41.1 Pretreatment/Equilibrium data in Result Data sheet

In the Result Data sheet the possibility has been added to list the numerical values of
the Pretreatment/Equilibrium in the Result Data table, and export those.

R-?hu:uw data

{* selacted data

" all[ zequentially
" extended datazet
" OCP values

" pretreatment

41.2 Swap E/I Columns in Result Data

At the bottom of the list of options to the left of the Result Data sheet in the "Format"
group it is now possible for the "E" and "I" to be swapped. This can be useful when
exporting the data to a compatible external format.

Farmat

[w zcientific notation
[ Corkdon L5Y
[~ SwapE/l
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42. Impedance.PotentialScan: Pretreatment before every frequency (2.645)

For the impedance technique Impedance.PotentialScan, the functionality has been added
to repeat the pretreatment sequence before each applied frequency. During the
Pretreatment, no AC amplitude is applied.

TLEN DI 2ds | Ut
Pretreatment i1 | ilevels
Pretreat each freq  [v  [Op

L L i

43.Merge Scans (2.653)

In the "Edit menu" a feature has been added that will merge all listed scans into 1 scan.
This allows saving and analysis of all datapoints, as if these were obtained in a single
scan.

Result araph | Result datal E scanl

“ Scale 'l “ Analysis 'l Edit : HMm Rs. Csl Z',Z"I s | Z,freql Y,freqlepsilonl

e Edit data
l5 Smooth all data
3D Subtract ohmic drop Re SUlt
30 Average scans
— Merge Scans
E Subtract overlay[1]
Cor Add overlay[1]
[ x
Ain
e 0.05

The merge operation will add all datapoints of all listed scans, and reorder those in
sequence, according to the primary variable (E for CV/LSV, time for Transient
techniques, etc). The ordering after a merge operation will be ascending, regardless of
the original scan direction.

It is assumed that all scans to be merged are of the same type. The scan produced by a
merge operation will retain the methodparameters, that belong to the first scan.

44.Impedance.Escan: Cp vs E (2.653) Resul graph | Result data € scan

On the Escan tabsheet, the plottype "Cp vs E" has been ” Upcite [ Line anapsi
added. This allows plotting of the parallel Capacity value _ff'EC‘D'D“PPE— -
against E, for fixed frequencies. * Cswsk

© Z1wsE
o Z2wsE
© 1wsE
W2 wsE
 Matt-Schottky
) Cpivs B

Select frequencies
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45. Mott Schottky calculation (2.653)

The Mott Schottky plot analysis has been extended to calculate the Flatband potential
and Np (Donor concentration). Note that in order to calculate the correct values, it is
required to input the T=Temperature, A= Area and €= Relative Permittivity in the
DataOptions (method parameter).

These parameters are determined from the slope and intercept of the 1/C? vs. E plot:

_=_3_[r-a- _i]
PoL {i‘-'z‘-',,.-lf?t*.\'u} FB "

with V = the potential, Vg = the FlatBand potential, g, = the vacuum permittivity (8.854
x 10712 Fm™), e = the elementary charge (1.602 x 107'° C), kg = the Boltzmann
constant (1.381 x 1072 1 K™).

In the table below the graph the donor concentration Np is displayed per cm?:
Donors/cm”3.

46. Crosshair indicator for data points in Result graph

The measurement results are plotted real time the Result graph tab. An arrow at the top
of the graph indicates the position on the x-axis of the latest data point.

When the mouse is pointed to any datapoint in the graph, during the measurement or
after it has completed, a set of crosshairs appears to indicate the datapoint's position on
both the x- and y-axes.

Especially in multi-scan runs it is now easier to determine the position (and scan) of the
selected datapoint. For each data point that is selected the key values are show,
depending on the technique (i.e. the E and I values are shown for a CV, the Z1, Z2 and
freq. are show in an EIS plot).

47. Mixed Mode skip to next level (2.662)

During measurement in Mixed Mode, the scan can be forced to proceed to the next stage
by pressing the 'Continue' button. The current stage is aborted (similar to a threshold
being reached) by manual intervention of the operator. When the continue button is
pressed at the last line, the scan is ended.

48. ChronoAmperometry/Chronopotentiometry skip to next level (2.673)
During measurement in ChronoAmperometry/Chronopotentiometry, the scan can be
forced to proceed to the next level by pressing the 'Continue' button. The current stage

is aborted (similar to a threshold being reached) by manual intervention of the operator.
When the continue button is pressed at the last line, the scan is ended.
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49. Mixed Mode: Absolute E/I end in sweep level (2.697)
In the technique Mixed Mode stages window, 5 control modes are possible:

E control (potentiostatic)

| control (galvanostatic)
Open cell

Z control (rheostatic)

P control (constant power)

=4 =4 4 -8 -9

For the E, I, Z and P levels the applied value can be chosen in the Level properties to the
right hand side of the window.

Levels Iz_ﬁ Inzert Levell Delete Lewvel | Add Level | &dd protocal | Properties for Level[1]
|Mnde IPererties |\-‘alue |Unit ﬁ
Mode(1] E control  E=0.500"%+Eprev to 1.000% at 10.0mi'/s +SequenceStart I_ 0ff
Mode[2] || comtral = | 1=0.500 A+lprey to 1.000 & at 0.050 Ads E applied 0500 Y
E ws Eprew [+ on
+SweepE |7 On
E end 1.000 ¥
FCanrate 100 myds
dbsolute Eend [ 0On
Berord Ar T e LI
Cloge |

Checking the box 'X vs Xprev' will use the last measured value of that parameter in the
previous level (E in the figure above) as a reference for 'X applied' rather than the
absolute value; in the figure above the 'E applied' will be: 0.5V + [last measured E value
of the previous level].

In addition the user can choose to create a sweep level rather than a constant applied
value, by checking the box '+SweepX'. The sweep will start at 'X applied' and end at 'X
end' with selected 'scanrate'. When 'X vs Xprev' is checked the 'X end' will automatically
also be applied with reference to the last measured value of the previous level.

Now it is also possible for E and I controlled levels to sweep from a relative 'X applied' to
an absolute 'X end': by checking the box 'Absolute X end'. In the figure above a sweep
will be done from 0.5V relative to the last measured voltage of the previous level, to an
absolute end voltage of 1V.
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