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Release Notes: Overview

This document lists all new features in the IviumSoft, as given in the releasenotes up to date. These new features are grouped by method, or when a more generic parameter/feature is discussed, under "General Method Features", and when a new application is discussed, under "New Application". A reference is given to the sofware version when they were implemented. This document is meant for easy referencing and for enabling a "find" search for key words regarding specific features in the various methods, graphs, data analysis, etc.

Note that a navigable list of contents is given in when the (Word)menu: "view>document map" is activated

Linear Sweep

Cyclic voltammetry

1. ReverseScan & Pause/Resume (1.420)

During a Cyclic Voltammetry scan, the operator can reverse the scan direction immediately by pressing the <ReverseScan> button. When a CV scan is running (standard speed), the datapoints appear real-time on the screen. In this release, it is possible for a user to react directly on the result, and change a vertex by mouse-click.

[image: image1.wmf]
The <ReverseScan> button will appear on a panel located directly below the

Result graph, during a CV scan. Clicking the button is only effective when the scan is moving away from “E start”, thus the scan-range can be constricted, but not extended. The new

vertex is applied to the ongoing cycle only. 

Also an ongoing scan can be paused with the <Pause> button: During a pause, the applied potential/current will be kept constant, and the instrument will suspend measurements. A paused scan can be continued by pressing the <Resume> button.

2. Show Current or Potential vs time for CV (1.500)

Cyclic Voltammograms are usually displayed as Current vs Potential. Now also the Current vs time and Potential vs time plots can be shown. 

Note that the interval time between 2 consecutive datapoints equals Estep/Scanrate.

To show the CV-time plots, move the mouse on the resultplot, and right click, and select “CV plots”.
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Original measured Cyclic Voltammogram
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Display Current vs Time of CV above (E start at 0V)

2. Recognize scan direction in CyclicVoltammetry (1.600)

For plots with Cyclic Voltammograms, the scandirection can now immediately be recognized: the scan in positive direction is plotted thicker that the negative going scan. See example below.
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3. Relative current as threshold in mixed mode (bulk electrolysis) (1.420)

A new parameter was added to the mixed mode method for the controlled E stages: Ifraction. A threshold percentage may be specified, at which the stage is ended. This percentage refers to the fraction of the initial measured current in the same stage.

One can use this parameter, for example in bulk electrolysis experiments, to stop the electrolysis when the current falls below a specified percentage of the initial current value.
4. Infinite cycling (1.500)

For ChronoAmperometry and ChronoPotentiometry in standard mode, and in MixedMode, the scans may be repeated continuously. When the parameter “Cycles” that normally is used to define a finite number of scans,is assigned the value “0”, it is translated to infinite. Thus the cycling will never stop. Note that the only way to stop cycling is to press “Abort”.

5. Data reduction by real-time averaging (1.500)

For ChronoAmperometry and ChronoPotentiometry in standard mode, and in MixedMode, the data can be averaged in real-time. The averaging is done inside the instrument, and only the average values are sent to the pc. Thus less points are transferred and stored. For example at an interval time of 0.002 sec and an average count of 500, only 1 point per second will be produced. This feature is convenient for very long measurements that otherwise would produce too many datapoints.

Also it is now possible to have very long interval times. For example at 1 sec interval, and an average count of 600, only 1 point per 10 minutes is recorded.

Data reduction by averaging has the beneficial effect that noise is suppressed, and curves will become more smooth. Because less data needs to be communicated, the speed limit for standard mode is increased. The minimum interval time is reduced from 2ms to 0.5ms at sufficient average counts. (500 Hz _ 2 kHz).

This feature has some consequences for other functions. If AutoCR is active, the average values are used to decide to change a current range. Also when averaging is activated, and analog inputs are recorded simultaneously with the measurement, only channels 1&2 can be used, To use this feature, check the “Data reduction” option, and set the “average” parameter to the desired number.

7. Mixed mode, threshold “until Qabs>” (1.500)

For MixedMode, in potentiostatic mode, a new threshold value is added that will stop the level when the charge reaches a set limit.

The charge is measured by the instrument in real-time by current-integration. The charge is counted from the start of each level. At every interval time, that charge is compared with the user defined charge threshold. If the absolute charge exceeds this limit, the ongoing level is immediately stopped and the measurement proceeds to the next level.

To use this feature, check the “Until |Q|>” parameter, at the Stages form, and set the

“value” parameter to the desired charge.

6. Enhancements Mixed Mode (1.600)

The Mixed Mode technique has been enhanced with several new features:

a. Potential- and Current- Sweep capability

b. AutoCR

c. Set “Cell after measurement” to Standby Potential

d. Use end potential of previous stage to define potential of next stage 

The Estat and Istat stages can optionally be defined as Sweep-stages. Sweeps can be activated by checking the SweepE/SweepI option. When activated, values for Eend/Iend and scanrate can be entered. Note that the values for Estep/Istep are defined by scanrate/interval time.

Automatic Current ranging can be used in the usual manner:

· Only applicable for Estat stages. In Istat and OCP stages the initial current range is reset a the beginning of the stage. 

· If an Estat stage is preceded by another Estat stage, the starting current range is the same as the last current range of the previous stage. 

· If AutoCR is activated, the dynamic threshold options I<, I>, dIdt<, dIdt>, Ifraction<, |Q|> are not available

· AutoCR will only decide to change current ranges based on dc-values. If the simultaneous ac-measurement is active, the impedance is measured at the same current range as the dc-signal.

“Cell after measurement” can be used in the usual manner to keep the cell polarized with “E Standby” after the scan ends. Please note that this option will set the instrument in Estat mode, regardless of the mode of the last level in the applied sequence.

The “E applied” may optionally be defined relative to the end-potential of the previous stage, by checking “E vs Eprev”. 

· If the previous stage was Estat, the last applied potential is taken as reference.

· If the previous stage was Istat or OpenCell, the last measured potential is taken as reference.

If the previous stage was dynamically ended from threshold criteria, the actual last applied/measured potential is used. 

A common use for this feature is to allow for smooth transitions between stages. For example one may first measure the Open Cell Potential, and subsequently start a potential sweep from the OCP value by setting the E applied parameter to 0V.  

A complete overview of the Mixed Mode can be found in the Application note: "Application note Mixed Mode".

7. Increased maximum interval time (1.600)

The maximum allowed interval time for Transient techniques has been increased from 2.5 to 60 seconds.

8. Enhancements Mixed Mode: Set analog output (1.636)

The analog output port from the Peripheral port can now be set at the start of each level during the Mixed Mode technique. It can be used to control external equipment.

At each level, an additional property: Anout1 will appear that can be checked:

· If left unchecked, the Analog output 1 will not be changed. It will retain the already applied voltage.

· If checked, a new value for the output voltage can be entered. The new value will be applied to Analog output 1 directly at the start of the level.

For each level, a different voltage may be applied. In this manner, it is possible to generate complex waveforms to control external equipment: RDE-rotationrate, intensity of light sources, positioning of SECM, temperature of thermostats, etc. Also this feature may be used to synchronize external events at defined point(s) inside the measurement sequence. Unlike the AUX.trigger function, this may be different from the start of the sequence.

Although, changing of the analog output may also be done in the BatchMode, the mixed mode feature is much easier to program. Moreover, a better (faster) performance can be accomplished, and time control is maintained.

9. ChronoAmperometry: change potential manually during an experiment (1.636)

During ChronoAmperometry, the user can change the applied potential manually, without stopping the experiment. The operator may specify potentials that deviate from the fixed potential levels that were pre-defined in the procedure method. This feature gives the user the possibility to react directly on an observed event. It can be especially useful for long duration experiments.

During a ChronoAmperometry scan in standard mode, a button appears below the Result graph, with a potential-input-field. Any valid potential can be typed. After pressing the “Apply direct” button, the new potential will be applied to the cell immediately after the next measured point. This potential will be applied for the remainder of the presently executing level.

Note that if this feature is used, the sequence of applied potentials will no longer be completely defined by the methodfile, and “user intervention” is not recorded. This may hinder the repeatability of experiments.

10. AutoCR for ElectroChemical Noise (1.636)

In this release, the automatic current range option is available for Electrochemical Noise experiments.

11. ECN remove initial DC offset voltage (1.636)

Before an ElectroChemical Noise scan, the voltage bias can be removed:

[image: image5.wmf]
If the checkbox “Remove DC initial” is checked, the initial voltage is measured and subsequently electronically subtracted from the cell potential before measurement. This option can improve the sensitivity of ECN measurements, because it will allow for a more narrow Potential range setting, with a higher resolution.

12. Separate levels from CA,CP and Mixed Mode (1.636)

When applying the Transient methods: ChronoAmperometry, Chronopotentiometry or Mixed Mode, each level can be viewed and stored separately. Each level is plotted as an independent scan, i.e. the time coordinate starts at 0 sec at the start of each level. The curves are listed in the Legends pane as “level 1”, “level 2” etc, and can therefore be selected, saved and analysed separately.

To activate level-separation, check 'Levels separate' in advanced mode. This feature cannot be used in combination with ‘Cycles separate’.

13. Data reduction: data averaging, or store only data when E/I data changes (1.723)

When data is captured over extended periods and/or at high sample rates, the large data files produced can become slow and cumbersome to manage. This release of IviumSoft includes two new facilities under Method/Transients which can be used to avoid this problem:

Skipping or Averaging datapoints: Reduce the number of datapoints by entering a number of points to use to compute an average. This is stored as a single value. The new facility in this release enables the user, by ticking the new tick box “No Averaging”, to store every n-th value is stored without averaging the intermediate values.

In the existing data reduction option (transient techniques), the number of datapoints can be reduced by setting an averaging number. The intermediate datapoints are averaged to a single stored value. An option is added: When “no averaging” is checked, every n-th value is stored without averaging the intermediate values.

Adaptive sampling enables the user to set a minimum change in the measured parameter (E/I) which will be stored in the data file. Thus, all relevant trends are captured with a minimum of datapoints. The user can define a minimum potential- and/or current-difference which he considers relevant. Datapoints that differ less than the defined delta from the last recorded point, will not be stored. Only datapoints that differ more than the minimal defined delta will be displayed. The exception is the 1st datapoint after each new applied level-change, which will always be stored.

For ChronoAmperometry the instrument will use the “min I delta”, and for ChronoPotentiometry the “min I delta” parameter.

For Mixed mode, both parameters will be used: either an E-delta or an I-delta will trigger a sample-recording. In this case, eithera single parameter can be effectively disabled by entering a very high value.

In principle, the averaging approach could be combined with the “minimum delta” method. However, this is not recommended because of the increasing complexity. Therefore, if using the “minimum delta” method, keep the “average every” on 1 point. And for the averaging approach, keep both min-deltas to 0.

14. Baseline subtraction ECN (1.755)

A feature has been added to the ElectroChemical Noise analysis tool, to remove a baseline or trends from the data. The order of the polynomial baseline is selectable from 1st (linear) to 9th order. Pressing the “Apply” button will subtract the baseline from both the Potential and Current data. Subsequent time-domain and Frequency-domain analysis will use the corrected data. After the ECN Analysis tool is closed, the original data is also changed, and corrected curves can be saved thereafter. 
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ECN data before baseline subtraction
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ECN data after baseline subtraction

15. AutoCR with Chronopotentiometry (1.794)

Before this release, all Chronopotentiometry experiments had to be conducted using a fixed Current Range. Now, AutoCR can optionally be selected for this technique.

If this feature is activated, the system will automatically set the most optimum CR at the beginning of each level. The CR is set to the most sensitive range that can handle the requested applied current.

Using this feature increases the dynamic range, enabling the combination of high with low current stages within 1 scan. Compared with the fixed CR configuration, there are 2 main advantages:

a) Using the optimum CR gives better accuracy for applied currents, because errors scale with CR. Especially the applied offset error can be much lower.

b) Using the optimum CR will result in a better response time. In galvanostatic mode, the response time is related to the actual CR. The response time for a high-impedance cell will be faster, when a more sensitive CR is used.

However in some situations, switching the CR in galvanostatic mode, may potentially cause undesirable spikes on the cell. Therefore, the system will switch to a zero-current situation during a CR-change, to avoid such spikes. The zero current duration, will be less than 5ms, and not be noticeable in the experimental graph, since AutoCR can only be used when the interval is longer than 10ms (100pnts/sec). 

16. Pause/resume during ChronoAmperometry (1.794)

An ongoing chronamperometric scan, in standard speed (sample interval > 2ms) can be paused by pressing the Pause button, at which it will maintain the momentary potential applied. Pressing the Resume button will continue the scan sequence, as defined by the method.

During a Pause period, the data is not recorded.

ElectroAnalysis

17. New ElectroAnalysis method: Normal Pulse Voltammetry (1.500)

With Normal Pulse Voltammetry a repetitive potential pulse is applied at increasing amplitude. Starting at a base potential (E start), a pulse with a definable pulse time is applied at each interval time (Estep/Scanrate). Each subsequent pulse is increased with Estep, until E end is reached.
Impedance

18. New Impedance method: Currentscan (1.500)

Galvanostatic impedance scans can now be performed in combination with a dc Current scan. Select the “Currentscan” method, and set the dc scan parameters: Istart, Istep and Iend. The frequency scan will now be repeated at every dc-step value of the ramp.

19. Equilibrium time at EIS PotentialScan and CurrentScan (1.500)

For the Impedance-DC-Scan methods, the equilibrium time will be applied after each new DC-setting. This parameter can thus be used to allow the cell to stabilize after each new potential or current application.

20. Result data table: Capacity or Mott-Schottky data (1.636)

The numerical impedance data on the Result data tabsheet, may now be shown as Rs/capacity data, or as E vs 1/sqr(capacity). The latter being used for Mott-Schottky analysis.

[image: image8.wmf]
The desired representation can be selected from the box left of the table: The numerical data can be copied and exported in the usual manner.

21. Mott-Schottky analysis (1.636)

The Mott-Schottky analysis on Impedance-Escan data has been added. If on the Escan tabsheet, Mott-Schottky is selected, automatically the slope and intercept are calculated, using Linear regression. The results appear in a table below the graph. If the selected potentialrange is decreased, the non-selected potentials are excluded from the calculation.

The results may be copied with the Copy button (Excel format).
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Example of Mott-Schottky plots at various frequencies from measurements on a diode
22. Permittivity and Loss Tangent plots (1.636)

The complex permittivity can be plotted against frequency, by selecting the Epsilon on the FRA appearance toolbar, above the plot. The permittivity is defines as:

Epsilon = - j * Addmittance / (2*pi*freq * Cap0)

with j the complex variable, freq the frequency, and Cap0 the reference capacity.

This reference capacity equals the capacity of an “empty” cell, and it should be defined by the user. It can be changed in the DataOptions parameter, on the Electrode tabsheet.

Also the so called Loss Tangent can be plotted against frequency, by selecting the Tan(d) button on the FRA appearance toolbar, above the plot. The Loss Tangent is defined as the ratio of real and imaginary impedance.

23. EIS supported for external equipment (1.636)

Standard, the impedance is determined using the current and potential directly from the potentiostat/galvanostat. It is possible to use the instrument as standalone FRA in combination with other equipment. Also other reference signals can be selected for variations from the classical electrochemical impedance techniques, such as combinations with optical or hydrodynamic impedance. 

At the impedance techniques, a parameter is added in advanced mode: “MeasConfig”

	MeasConfig
	X
	Y

	standard
	I stat
	E stat

	INT_ac I
	ac intern
	E stat

	INT_ac E
	I stat
	ac intern

	EXT_ac EI
	X periph.
	Y periph.

	EXT_ac I
	X periph.
	E stat

	EXT_ac E
	I stat
	Y periph.


In standard setting, the impedance is defined as Y/X, which is normally E/I. When other (external) signals are used for X/Y, the meaning of the plotted impedance might be different from the classical interpretation. The will always display the data as if it were E/I, the user is responsible for any conversions. 

Example 1: Solarcell IMPS

The IviumStat/CompactStat AC-OUT port is used to drive the intensity of a light source, and the ac-photocurrent from the solar cell is to be recorded with reference to the incident light: “impedance” = Light /photo-Current.

The instrument is set to “Impedance Constant E”, and the MeasConfig parameter to “INT_ac E”. With this parameter-setting, the internal applied ac signal is used as Y, which is the light-intensity here, instead of the cell-potential.

Note that the potentiostat potential may be set to shortcut conditions (E=0), but it may also be operated at other potentials, such as maximum power point.

Example 2: Solarcell IMVS

The IviumStat/CompactStat AC-OUT port is used to drive the intensity of a light source, and the ac-photopotential from the solar cell is to be recorded with reference to the incident light: “impedance” = photopotential / Light.

The instrument is set to “Impedance Constant I”, and the MeasConfig parameter to “INT_ac I”. With this parameter-setting, the internal applied ac signal is used as X, which is the light-intensity here, instead of the cell-current.

Note that the galvanostat current may be set to OCP conditions (I=0), but it may also be operated at other currents, such as maximum power point.

24. EIS: improved frequency resolution (1.723)

In the previous software versions, the applied frequencies were derived from the main 8MHz oscillator:  8MHz/n. This resulted in an increasingly coarse frequency resolution at higher frequencies, e.g. for 100kHz ( 1.2%, for 1MHz ( 12% etc. This behaviour is less desirable for high definition scans at high frequencies. 

A more advanced software algorithm was developed to improve the resolution. In this release, the applied frequency resolution is finer than 0.05% for the whole applicable frequency range. The resolution is defined as the smallest possible separation between 2 applicable frequencies. 

Note that the frequency resolution is not the same as the applied frequency accuracy. Frequency resolution is defined as the smallest possible separation between 2 applied frequencies whereas frequency accuracy is the accuracy of each frequency point. (For all software versions, with IviumStat/CompactStat, the frequency accuracy is better than 100ppm (0.01%), for –10C to +70C.)

25. EIS: MultiSine (1.723)

For EIS measurements MultiSine applies multiple sine wave frequencies simultaneously, and the corresponding impedances are collected in a single measurement. For measurements at lower frequencies this can decrease measurement time considerably, and minimize artefacts caused by to time-variable impedances.
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5 simultaneously applied sinewaves of 1,3,5,7 and 9 Hz

In this software version, 5 frequencies within a single decade are combined. By using the odd harmonics: 1:3:5:7:9 Hz., etc. and carefully controlling the relative phase of these frequencies it is possible to minimise the total combined amplitude for a given effect. Thus, the maximum amplitude from the combination of 5 frequencies is less than 2.5 times the individual amplitudes. This minimises the signal degradation which is traditionally inherent in the multi-sine technique whilst still producing fast results.

The MultiSine option can be selected from the top-toolbar in the “Edit frequencies” window. Compared to SingleSine, there are some constraints:

· Start and End frequency must be at decade-boundaries

· Manual override of individual frequencies/amplitudes is not available. The amplitudes are the same for all frequencies.

· Fixed number of frequencies per decade (5)

[image: image11.wmf]
Edit frequency window for MultiSine

The MultiSine method is applicable for frequencies below 100Hz. However, it is possible to combine the SingleSine method and the MultiSine method in a single frequency scan. In the MultiSine tab simply select the frequency range required and the software will automatically determine which method to use over the frequency range. In the screenshot above, note that the frequencies above 100Hz will use the SingleSine method, while below 100Hz the MultiSine method is applied. Also note the logarithmic frequency distribution for SingleSine, and the odd-harmonic distribution for MultiSine.

The measurement data format will be the same as for SingleSine, each frequency will be stored individually as before. Also the data analysis is conducted in the same manner.

Note that MultiSine offers faster measurement, however this is at the expense of measurement accuracy. If measurement duration is not an overriding issue, it is strongly recommended to use the standard SingleSine method.

26. EIS: export of fit-results (1.723)

The calculated parameters for the equivalent circuit can be exported from the Equivalent circuit calculator”. From the Edit menu, choose “Copy fit parameters”. This will place the results in the clipboard, to be exported to other applications.

On the Data tabsheet of the “Equivalent circuit calculator”, several new buttons are added:

· “Phi |Z| model”: will display the modelled numerical phase/impedance data

· “Z' Z'' model”: will display the modelled numerical complex impedance data

· “Copy data”: will copy the currently displayed data in the clipboard.

27. Increased acquisition time EIS (1.755)

The maximum data acquisition time for EIS has been increased from 2sec to 60sec. This will allow for higher measurement accuracy and better noise reduction.

28. Store signal traces and measurement status EIS (1.755)

During EIS measurements, the digitized sinewaves of current and potential can be displayed in the Signal Monitor screen, already in the previous software versions. Now, these traces are stored in the datafile, and can be recalled to be investigated/analyzed later. Not only the data is stored, but also the measurement settings: Current range/ overload flags / etc, for each individual frequency.

To display the specifics of a datapoint, first open the Signal monitor, and point the mouse at the datapoint in question. The Signal view will show the data in Recall mode:
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Recalling signal traces from a previously recorded EIS scan.

In the example above, the E/I traces are displayed in recall mode. It also shows the current range, which is useful if AutoCR was active. If this datapoint was obtained in an overload situation, the status would indicate this. Furthermore, the original date and time of acquisition are shown: mm/dd/yyyy hh:mm:ss.

Note that the display in Recall mode is different from the AC signal monitor shown during the EIS scan.

29. Noise reduction (1.768)

This parameter is added to the EIS techniques to reduce the impact of noise. This can be convenient in cases that suffer from excessive noise.

When activated, it will apply stronger automatic filtering, with its built in analog filters. 

Also it will give easy access to the Acquisition period, which is the total period that the sampled (averaged). A longer period, will give better noise reduction. Note that this will override the value in the Option menu. The default value in the Options menu is 0.4sec, while this parameter in the EIS method is set to 2sec (default) when Noise reduction is activated. Of course, these values may be modified by the operator.

30. Admittance as numerical data (1.782)
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On the Result data Tabsheet, the option is added to show the numerical Admittance result. These are now also available for easy cut & paste to other applications.

31. More possible Measurement Configurations (1.794)

For impedance measurements, the applied and measured signals can be redefined. This is especially useful when using external equipment in combination with the potentiostat/galvanostat. One can use the Acout, Xin and Yin connectors on the peripheral port for this purpose. 

Some possible applications/configurations:

· Interfacing a Solar cell, to modulate a light source, and measure the photocurrent/ potential (Modulight module).

· Interfacing with an electronic load

· Interfacing with an RDE to modulate rotation rate: Hydrodynamic impedance

· using the Ivium FRA in combination with an external analog potentiostat

· etc.

In standard setting, the impedance is defined as Y/X, which is normally the measured E/I from the electrochemical cell. When other (external) signals are used for X/Y, the meaning of the plotted impedance might be different from the classical definition. The plot is always displayed as if Y/X were E/I, and the user is responsible for any conversions.

To change the configuration of the signals, in the method parameters the advanced parameter "MeasConfig" gives the user the possibility to adjust this configuration. A list of possibilities is given in the table below:

	
	MeasConfig
	X 
	Y
	remarks
	

	0
	standard
	I we
	E 
	Internal DSG not applied 
	

	1
	INT_ac I
	ac intern
	E 
	Internal DSG not applied
	

	2
	INT_ac E
	I we
	ac intern
	
	

	3
	EXT_ac EI
	X periph.
	Y periph.
	
	

	4
	EXT_ac I
	X periph.
	E 
	
	

	5
	EXT_ac E
	I we
	Y periph.
	
	

	6
	EXT_I INT_E
	X periph.
	ac intern
	
	

	7
	EXT_E INT_I
	ac intern
	Y periph.
	
	

	8
	DirectE
	I we
	E 
	CE as reference, instead of (RE-S)
	

	9
	DirectE_INT_I
	ac intern
	E 
	CE as reference, instead of (RE-S)
	

	10
	DirectE_EXT_I
	X periph.
	E 
	
	

	11
	BiStat
	I we
	I we2
	
	

	12
	EXT_I BiStat
	X periph.
	I we2
	
	


In the Direct configs, the potential control loop is bypassed. This means that the potential is the directly applied potential on the CE terminal, w.r.t. the gnd. This can be useful when controlling other equipment, such as loads. The differential electrometer can be used independently for other purposes.

General method features

32. Apply wrt OCP enhancements (1.420)

Previously, selecting the ”Apply wrt OCP option” would redefine all potentials relative to OCP. The displayed plot showed the “corrected” potential, instead of the “real” values. In this release, the user may select different modes for Estart and Eend/Vertex potentials. For example a CV may be executed that starts at OCP, and scans to “real” vertex potentials. Also, the scan can be optionally recorded vs the “real” or the “OCP-relative” potential-axis.

Several new subparameters are added to the 'Apply wrt OCP' parameter:
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Estart wrt OCP: When checked the startpotential is defined relative to OCP. When unchecked, the E start is applied as a real potential.

Vtx/End wrt OCP : When checked the Vertex- and End-potentials are defined relative to OCP. When unchecked, these are applied as real potentials.

Record real E : When checked, the real potentials are displayed and stored. When unchecked, potentials relative to OCP are displayed and stored.

Note that by setting these 3 new options to On/On/Off, the “old” situation is retained. To improve clarity, the OCP value is shown on screen in the bottom statuspanel.

33. Dynamic vertexes, LSV and CV (1.500)

For Cyclic Voltammetry, and Linear Sweep Voltammetry, in standard mode, it is possible to define the scan boundaries depending on the measured currents. The operator can set parameters for Maximum and Minimum current limits, inside which the scan will remain.

For Cyclic Voltammetry, if the current exceeds the defined “I max”, or gets below “I min”, the scan direction is reversed. If this criteria is met before the defined vertex potential is reached, this defined potential is ignored. Effectively, the vertex potentials will be shifted. Note that if the current response of subsequent scans changes, each scan may have a different data-length.

For Linear Sweep Voltammetry, if the current exceeds the defined “I max”, or gets below “I min”, the scan is stopped. 

To activate this feature, check “DynamicVertexes” and set values for “I max” and “I min”. This feature is only available in Standard mode, and cannot be combined with automatic current ranging. If both options are checked simultaneously, AutoCR is inactive.

34. Result data table: show all in single sequence (1.636)

The “show all” option has now a checkbox “sequentially”. When checked all data will

be displayed head-to-tail in sequence, instead of in separate columns.

35. Result data table: scientific notation (1.636)

When this checkbox is checked, the data is reformatted in scientific notation with a 2 digit exponent.

36. OCP data export (1.636)

Some techniques can be combined with a prior OCP determination. The OCP data is shown in the OCP plot. Now this data can also be numerically listed, and exported.

[image: image15.wmf]
On the Result data tabsheet, from the select data group, select “OCP value”. That will display the OCP data values of the selected scan. The numerical data can be copied and exported in the usual manner.

37. Enhancements Extra Data plots (1.636)

Each scan may contain so-called “Extra Data”, which can be “Peripheral port Analog data”, “OCP data”, “Pretreatment data”, “Charge data”, “Rs”/”Cs” data. Each can be displayed by pressing the corresponding button on the vertical toolbar, located left from the “Result graph”.

Normally it shows only the data that corresponds with the scan that is selected in the Legends pane. Now, if multiple scans are loaded, the “Extra data” of each scan can be shown at the same time, by pressing the “All extradata” button located on the Legends pane.

This feature allows comparison of the various data from datasets. For example, the charge plots for individual Cyclic Voltammetry cycles can be compared. Please note that for Analog data, only channel 1 information is displayed.

Furthermore, the method of displaying “Charge data” has been revised. In previous versions, the charge plot had to be updated manually by pressing the Q-button. Now the screen is updated automatically, and the accumulated charge can be monitored direct during data-acquisition.

38. Variation of “alpha” for staircase sweeps (1.723)

During digitally produced sweeps, e.g. in LSV and CV, the potential/current-ramp is generated in step-increments in a staircase shape. This compares with the smooth analog shape of a True Linear sweep.

The standard practice for staircase sweeps is to sample the measured variable (current for chrono-amperometry: potential for chrono-potentiometry) at the end of each step increment. However in some cases, a different sampling point is required for the measurement. Hence the parameter “alpha” is used to indicates the fraction of the step at which sampling occurs. For example, “alpha”=1 (the default setting) means sampling at the end of each step whereas alpha = 0.5 is halfway along, and so on.

In practice, the effect of “alpha” depends on the object under test. For a pure resistor, “alpha” variations have no effect, but for systems with a capacitive component, strong variations can be observed.

[image: image16.wmf]
Current response on an RC-cell: 50mV step on a 10kohm+1uF circuit

[image: image17.wmf]
LSV 1V/s, Estep=50mV, with alpha from top to bottom: 0.2/0.3/0.4/0.5/0.6/1.0

In the 2 figures above, the effect of “alpha” is demonstrated. The staircase scan is made from 50mV steps that are applied every 50ms. In the first figure is shown how the current decays after each step. The 2nd figure shows the corresponding decrease of the LSV current with increasing “alpha”. Note that alpha=0.2 corresponds with 2ms, etc.

For the staircase techniques of LSV and CV in Advanced mode at Standard speed, the parameter “Alpha” can be activated. When checked, a value from 0.125 to 0.625 can be entered. The resolution for alpha is 0.04ms.

If the “Alpha” parameter remains unchecked, the value reverts to 1 (default).

39. Record data during Equilibrium stage (1.723)

Previously the measured data during an Equilibrium stage was not recorded. In this software release, this is changed.

The measured current (Estat) or potential (Istat) is appended to the pre-treatment data. The results will be shown in the pre-treatment plot, and stored in the datafile.

If the actual method description already contains pre-treatment data, the equilibrium data is appended as it where an additional pre-treatment stage.

Note that for the Impedance-Potentialscan/Currentscan techniques, the equilibrium stage is repeated at each dc-potential/current, before each frequency-scan starts. However the pre-treatment stage is only executed before the first frequency-scan.

40. Schedule processes in BatchMode (1.768)

Events can be scheduled in BatchMode using the DirectCommand.Scheduler parameter. The Repeat time-timer keeps track of the total time lapsed since the Batch was started. Events can be scheduled at a fixed time, independent of the durations of previous executed scans. Thus measurements can be programmed to be repeated exactly every minute, hour, day, etc.

Note the difference with the DirectCommand.Wait function, that adds a delay.

To activate, check Scheduler, and set Repeat time variable. The period can be set from 1 sec to 1E7 sec (>3 months).

The Scheduler will take precedence over the other DirectCommands in the same Batchline, MuxChannels/DAC/etc will be be set only after the Repeat timer period has passed.

41. Smooth all (1.782)

From the Edit menu, select : “Smooth all”, and All presently loaded scans will be smoothed, and spikes are removed.

Savitzky Golay smoothing will be used, using a sliding polynomial of default 11 points. This number may be modified in the Edit data screen. 

42. Subtract ohmic potentialdrop (1.782)

The potential-loss due to the effects of ohmic resistance on Linear scans, and Cyclic Voltammograms, can be corrected by calculation. If the resistance is known, the ohmic drop can be calculated from the product with measured current. The real applied potential can thus be calculated.

First select the scan to be processed, and from the Edit menu, select : “Subtract ohmic drop”. A window will popup, at which the resistance should be entered. Pressing Apply will process the selected scan.

43. Dynamic vertexes in combination with AutoCR (1.782)

For Cyclic Voltammetry, and Linear Sweep Voltammetry, in standard mode, it is possible to define the scan boundaries depending on the measured currents.

If  the current exceeds the defined “I max”, or gets below “I min”, the scan direction is reversed (CV) or stopped (LSV). 

To activate this feature, check “DynamicVertexes” and set values for “I max” and “I min”. This feature used to be available only at fixed Current Range. In this release, that limitation is removed, and it is also possible to use it in combination with AutoCR. However when AutoCR is activated, the dynamic vertexes will only be active in the defined “AutoCR.Max range”. This means that the Absolute values of “I max” and “I min” should be larger than 0.25* the selected “Max range”. In practice, usually the ‘Max range” parameter will be chosen according to the desired vertexes.

44. View/edit scan properties (1.794)

When multiple scans are displayed, it is possible that each was measured at different conditions. The method parameters of each individual scan can be viewed by a Right-Click of the mouse button while the mousepointer is on the scan in question in the Legend panel. A form with the corresponding data will pop up. In this form, it is also possible to edit the Title of this single scan: retype, and press the Change button.
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New applications

45. Pulse generator (1.420)

A continuous repeating pulse can be applied to the cell with variable period and dutycycle. It is intended as a tool to treat the electrode, without data being measured. It can be applied in potentiostatic (Estat) or in  galvanostatic mode (Istat), both in 4-electrode mode. The duration of a pulse-level can be defined from 10us to 0.6 seconds (0.01 to 650 ms). Each level: Hi_period and Lo_period can be set independently.

[image: image19.wmf]
The pulse generator can be started form the Tools menu. Please note that the settings for Current range and Stability are copied from the Direct tabsheet. These settings should be set before the Pulse generator form is opened. After pressing <Apply> the pulse will be applied, and repeated continuously, until <Stop> is pressed. The period and Voltage/Ampere values will be retained until the IviumSoft program is ended.

46. Performance test (1.420)
To verify proper operation and to diagnose possible problems, the instrument can be instructed to perform a self-test. To execute the test, select “Performance test” from the Tools menu. Before running the test, connect the cellcable and Testcell 1. A testreport is generated that can be saved or printed directly. Also it can be copied to the Windows clipboard and transferred to the application of choice. The report is generated in ASCII format and can be read by any text editor. 

Note that the report is stored automatically in the IviumStat main directory, with the serial number as filename and “.ipt” as extension, for example “B07003.ipt”. (subsequent reports with the same instrument will overwrite older reports). The testreport starts with recording time/date and the instrument/software configuration, and is followed by the testresults. Each individual test-result is compared to preset limits, and a Pass or Fail status will be assigned.

[image: image20.wmf]
47. Numerical impedance and charge at selectable dataformats (1.420)

Previously only the native format numerical impedance data could be shown and exported: (Z1,Z2). In this version also the Bode data: Zabs and Phase can be shown on the Result data tabsheet:
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The operator may select in the left panel (Z1,Z2) or (|Z|,phi) which impedance data will be shown in the grid. If data is exported either to file or clipboard, the currently shown data is transferred.

Also, from scans where current is measured (CV, ChronoAmperometry. etc.), the calculated numerical data can now be displayed and exported. When in the [Show data] group, “extended data” is selected, an extra column will be shown with the charge data in Coulomb. The displayed numerical unit specifier will be the same as for the Current units.

48. Remove datapoint (1.500)

Single datapoints may be removed from the scan by deletion. In Correction mode (press Corr button on left toolbar), the offending point may be selected by Left-Clicking the mouse on the plot. After selection, Right-Click and select ”Delete Point”. The datapoint will now be removed from the dataset.

Note that deletion is irreversible. Be sure to save the data before performing this action.

49. LabView drivers (1.600)

LabView drivers are bundled with this release. These will facilitate the control of the Ivium instruments from a LabView development environment. More information is given in the Ivium Labview driver product note.

50. BatchMode: save dataset (1.636)

Previously, the data was automatically saved after each “ExecuteMethod” as an single scan file’: *.idf. In this version, it is also possible to save data in a multi-scan file: *.ids. This option is for example useful for Cyclic Voltammetry when multiple cycles are produced after executing a single method.

To save the data in a dataset, instead of a (single) datafile, check the “Save as dataset” sub-property below “Execute method”.

51. Data report: add notes to datafiles (1.701)

The operator can include notes and extra information about the experiment in the datafile. A new method variable is added, called "Report". When pressing the "Report" button, a window opens where notes can be typed in the Remarks tabsheet.

Additionally, a Process Report tabsheet is added, that will list important measurement and instrument data.
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52. Analysis: curve fitting on measured data (1.701)
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A tool to fit arbitrary polynomials has been added to the Analysis menu. 

First select the curve to be analysed, and press Analysis/Curve fit. On the left, the projection can be chosen based on the available variables: potential, current, time, Z1, Z2, frequency, etc. Also both axis can be transformed : linear /  log / exp / sqrt / power/ etc.

If desirable, the range that should be fitted can be constricted by clicking the Mouse on the start- and end-points.

On the right, the order of the polynomial can be selected: max 9.

53. Electrolysis report (1.701)

From the Analysis menu, an Electrolysis report can be generated. It will display the passed charge and current. Also it will report the numerical values for “Total Charge” and “Netto Charge”. The “Netto Charge” is defined as the “Total Charge” corrected for the “Baseline Current”, which is taken to be equal to the “End current”.

Note that this analysis can be used in combination with the Mixed-Mode technique, where in Potentiostatic mode the “Until fraction” parameter can be used to complete electrolysis.

54. Automatic disconnect at defined maximum potential/current/external-input (1.723)

This is a new facility introduced to provide additional protection against damage to sensitive devices. For example, a loose or intermittent RE or S connection, or simply an operator error, could cause an instrument to overdrive a device.

The current Release incorporates a facility to It is now possible to automatically disconnect power to the electrodes, and abort a measurement underat user- definable conditions. At this time, 3 conditions can be defined:

1. Analog input 1 > “defined voltage value”

2. Potential overload

3. Current overload

These conditions can be activated in the Options parameters: select menu Options/Options/Settings:

[image: image24.wmf]
Once activated these will be activated on all subsequent operations. These are retained after closing and restarting the software.

If one of the active disconnect conditions is met, the cell will be disconnected automatically, and the method in progress is aborted (most methods). The cell will remain off until the condition is removed and the condition is reset. Resetting can be accomplished by toggling the Cell on/off, or restarting the method.

When a method is aborted by this feature, a message is shown on the bottom Statusbar. Also the condition is logged in the process-report.

[image: image25.wmf]
Note that Automatic disconnect is intended as a safety feature. It is directly hardwired in the electronics, therefore it works instantaneous, and does not depend on whatever the software is doing at that time. Even in the event the software has crashed, the electrodes will still be disconnected on the alarm conditions.

The automated disconnect at temperature overload will always be active, and cannot be disabled.

55. Analog pulse/level at measurement start (1.723)

This is a facility to generate an external output pulse or variable voltage level just before the measurement starts. With this option, another measurement device can be triggered to start simultaneously, or a generator can be controlled to perform at the selected analog level. For example the intensity of a light-source can be varied to study photoelectric phenomena. It is both possible to apply a pulse of defined duration before the measurement starts, or apply a continuous voltage level at Analog Output 2 from the peripheral port.
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Chronoamperometry at 0V for a Dye Sensitized Solar Cell, after variable intensity

light pulses of 20ms

The pulse level can be defined at 16bits resolution. The pulse duration can be programmed from 0.05ms to 500 ms, at 10us resolution. The pulse is applied just before measurement sampling starts. In the HiSpeed techniques, the first recorded measurement sample follows within 0.05ms after the pulse/level-change.

For all techniques, in Advanced mode, the methodparameter “Anout2” can optionally be selected. When checked, 2 parameters appear:

· Level : the voltage to be applied to Analog output 2

· Pulse period : the duration of the pulse (0.05 to 500 ms), or 0

If a Pulse period of 0 ms is set, the level will be applied continuous. The value will be applied during the whole measurement, and thereafter. In such case, the analog output remains its setting, and must be reset in manual control or by the next executed scan.

56. Automatic range setting potential measurements (1.723)

Previously in direct mode, the potential measurements were always done on the widest range. Therefore the resolution for measured potential was limited: 0.125mV for CompactStat, 0.333mV for IviumStat, etc.

In this release, the instrument will automatically choose a more sensitive range if possible. This will increase resolution below 1uV.

This feature may optionally be disabled, by unchecking the “Automatic E ranging” checkbox on the Direct control tabsheet.

57. Retrieve method parameters individual scans in dataset (1.755)

When multiple scans are displayed in a single plot, it is possible these were recorded with different parameters. The specific parameters of the selected plot will be displayed in the Methodparameter panel, when the CTRL key is pressed while the scan was selected: keep the CTRL key pressed and click on the scan-name in the Legendpanel.

Note that this will also change the active Method parameters. If thereafter Start were pressed, it would start a scan using the parameters of the selected scan. However the use of the CTRL key should  avoid unintentional modification of the active parameters. 

This function can also be used after reading a previously recorded Dataset.

58. Modify DataOption parameters for all data (1.755)

Each scan file contains DataOption parameters (surface area, transform of analog data, etc.). Usually these are set before a measurement is started, but it is also possible to modify these afterwards: In the DataOption dialog screen, modify the parameters, and press “Apply to selected scan”.

Now an extra button is added: “Apply to all data”. Thus the changes are applied to all currently loaded scans.

59. Galvanostatic generation icw amperometric detection using Bistat module (1.755)

The techniques: Chronopotentiometry, galvanostatic CV and galvanostatic LSV, can now be combined with the bipotentistat module. 

Several applications that used to require 2 potentiostats/galvanostats can now be performed with a single instrument. The primary WE and CE will control the applied current in galvanostatic mode, while the BiStat module is operating in potentiostatic mode applying a potential and measuring a current. The bipotentiostat will use the RE (standard mode) or S (scanning mode) electrode, as reference. Its offset potential can be set in the +/-2V range.

When the Bistat option is activated, the measurement plot will show both working electrode currents.  

The WE/CE electrode pair may be located in a different cell-compartment than the WE2/RE(S) pair. For a typical application the WE/CE pair would generate a product that is detected by measurement with the WE2.

60. Working with multiple instruments on 1 pc (1.768)

Multiple Iviumstats, CompactStats and Nstat-channels can be controlled with 1 pc. When the IviumSoft software is started, the operator can select the serial number of the desired device. Pressing the Connect button will assign this software instance to the device indicated by the selectionbox at the rightside of the Connect button.
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Pressing the arrow of the selectionbox will dropdown a list of available devices. In the example above, 1 IviumStat A08092 and 2 CompactStats b08010 and B09062 are available. Note that the lower case ‘b’ indicates that this CompactStat is using usb-power, while a capital ‘B’ indicates mains-adapter power.

Multiple instances of IviumSoft can be started, that can each be assigned to another device. Once a device is assigned to a particular IviumSoft instance, it is no longer available for other instances (of course). 

When multiple instances are running and assigned, these can be recognized on the Windows taskbar by corresponding buttons:
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When an IviumSoft-instance is connected to a device, the text on the taskbar-button changes from “IviumSoft” to “Ivium X#####”, with X###### the serial number of that particular instrument.

It is thus possible to control different experiments simultaneously, on several instruments from one pc. These instruments will operate completely independent from each other.

61. Export dataset as Ascii (1.794)

As for datafiles, now also datasets can be exported as Ascii files, using the “Save dataset as Ascii” option on the File mainmenu.

The different scans from the actual dataset will be saved in separate files with the addition of ‘_x’ to the filename, with x the sequence number of the scan. 

62. Save & restore methodparameters between sessions (1.794)

When exiting the Iviumsoft program, the actual method parameters are saved. When IviumSoft is restarted, these are reloaded.

In this manner, new sessions can continue where the previous ended.

� Some versions IviumStat/CompactStat require a hardware modification if the ac signal must


exclusively be applied to the external device, to keep the cell at applied dc conditions.
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