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1 Introduction

1.1 Disclaimer

This Product relies on the tools of Microsoft Windows OS (Windows Vista, Windows 7, Windows 8, Windows 10)
or Mac OS (10.6 - 10.14). HEKA is not responsible for: i) the contents of these third party products, ii) any links
contained in these third party products, iii) changes or upgrades to these third party products and iv) for any
consequential damages resulting from the use of these products.

This Product may not be reverse engineered, decompiled or disassembled without the express written consent of
HEKA.

In no event shall HEKA be responsible for any incidental, punitive, indirect, or consequential damages whatso-
ever, (including but not limited to loss of data, privacy of data or other pecuniary loss), arising from or relating to
the use, or the inability to use, this Product or the provision, or lack of provision, of support services.

In all cases where HEKA is liable, the extend of HEKA’s liability shall be limited to the actual cost of the Product
or to the provision of a replacement version of the Product.

1.2 Scope of the Program

Extended analysis functions for POTMASTER data are provided by the FITMASTER software. FITMASTER features
analysis and fitting routines designed to fully support the extended POTMASTER data structure. Analysis can
be performed on the levels of Traces, Sweeps and Series. There are standard fit functions such as "Polynomial,
Exponential, Gaussian, and Boltzmann" tailored functions to fit e.g. whole-cell current traces according to the
Hodgkin & Huxley gating formalism, current-voltage relationships and dose-response curves.

1.3 Supported System Software

POTMASTER is supported on all recent MS Windows Versions: Windows Vista, Windows 7, Windows §,
Windows 10.

POTMASTER is supported on Mac OS (10.6 - 10.14). Older Mac OS X versions and Mac OS 9 are not sup-
ported.

1.4 Naming Conventions

1.4.1 Windows Versions

Throughout this manual we will address all the supported Microsoft Windows versions as "MS Windows". We
will explicitly mention the particular MS Windows versions if required.

1 POTMASTER e June 2023 ¢ www.heka.com



1.5. Windows and Mac Key Conventions

1.4.2 Syntax

* POTMASTER: Small Capitals denote a HEKA program / hardware or keys on the keyboard.
* Replay: Typewriter font denotes menu entries and chapters or filenames

¢ Protocol Editor: Sans serif font denotes window names or dialogs.

¢ Sinewave: Roman font denotes options or buttons

e [talic: Denotes general emphasis.

¢ Bullet list: Lists points.

* Numbered list: Lists actions to be performed sequentially.

2
& !l or (MS Windows) & (Macintosh) denotes system-specific keys and actions.

1.5 Windows and Mac Key Conventions

In POTMASTER, all key commands are saved in the file Potmaster.key and will be read at the program start
(see chapter 3 on page 13).

Note that all key commands specified in this manual refer to the default setting in Potmaster.key. Since all
commands can be customized by the user, the settings in your working version of POTMASTER might differ from
these default settings.

Please also be aware that in case the file Potmaster.key is not available at the program start, no key commands
are available!

The basic conventions for the system keys on MS Windows and Mac are as follows:

e CTRL: Stands for the CONTROL key.

e ALT: Stands for the ALT key.

&
|
e CTRL: Stands for the CONTROL key.

* CMD: Stands for the COMMAND key (apple or cloverleaf symbol).

e ALT: Stands for the OPTION key.

1.6 Installing POTMASTER

Please install the hardware and the software according to the Installation Guide which is supplied with
your order. It can also be obtained from the HEKA homepage.

POTMASTER e June 2023 ¢ www.heka.com 2



1.7. Starting POTMASTER

1.7 Starting POTMASTER

Upon clicking on POTMASTER the software starts and various controls and windows become available:

e The drop-down menus File, Edit, Windows, Replay, Display, Buffer, Notebook,
Protocols, EPC10, Help.

¢ Frequently used POTMASTER windows such as Amplifier, Control Window, Analysis Window 1, Oscilloscope,
Replay.

* A scrolling text window called Notebook.

Most of these windows can be minimized; they can be re-opened by clicking on the window bar or by selecting
them in the drop-down menu Windows.

1.8 Get Online Help on Keys

The option Show Keys in the drop-down menu Help (compare chapter 4.10 on page 39) displays the shortcut
keys that are assigned to various controls of the active windows.

By selecting List Keys in the drop-down menu Help you can list all keys in the Notebook window. This is
useful e.g., if you want to print the complete list.

For further information on the assigned keys, see chapter 3 on page 13.

1.9 Get Online Help Controls

The option Show Tooltips in the drop-down menu Help (chapter 4.10 on page 39) displays a short description
of the control under the mouse tip.

1.10 Closing POTMASTER

To exit from POTMASTER, choose Quit from the drop-down menu File or

press CTRL + Q.

2
!l press CMD + Q.

You have three possibilities:

* Save + Exit: Saves configuration and data files and quits the program.
* Exit: Saves data files and quits the program.

¢ Cancel: Exit process will be aborted, you return to the program.

Note: If you changed the protocols, the Pulse Generator pool, or the Analysis, then you will be
asked independently if you want to save your changes.

Note: Data files are always saved.
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1.11. Support Hotline

1.11 Support Hotline

If you have any questions, suggestions, or improvements, please contact HEKA'’s support team. The best way is
to send an e-mail to "support@heka.com" specifying as much information as possible:

* Your contact information

* The program name: e.g. PATCHMASTER, POTMASTER or CHARTMASTER software

* The program version number: e.g. v2.65, v2.73.1

* Your operating system and its version: e.g. Mac OS 10.8, Windows 7 64-bit

* Your type of computer: e.g. Intel Core i3 3.2 GHz with 2 GB RAM

* Your acquisition hardware, if applicable: e.g. EPC 10 USB, EPC 800 + L1H 8+8 or PG 340 USB

¢ The serial number and version of your amplifier, if applicable: e.g. EPC 9 single, version "920552 D"
* The questions, problems, or suggestions you have

® Under which conditions and how often the problem occurs

We will address the problem as soon as possible.

Contact Address:

HEKA Elektronik GmbH

a division of Harvard Bioscience
Aspenhaustrasse 21
D-72770 Reutlingen
Germany

Phone: +49 7121 90925 26
Fax: +49 7121 90925 11
E-mail: support@heka.com
Web: www.heka.com
www.elproscan.com
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2 User Interface

The following chapter describes the user interface of POTMASTER. It consists of four sections:

Dialog controls explains all types of control controls available in the POTMASTER user interface.
Modifying the Dialogs and Controls describes how size, color, and arrangement can be changed.
Saving modified Dialogs and Controls describes how to save the dialog settings.

Toggling between Windows describes how to switch very fast in between different POTMASTER dialog
windows.

2.1 Dialog Controls

Controls are defined as parts of the dialogs that allow user input (data, options or execution of actions).

The general rules for dialog controls in this program are:

. : Box items with a drop shadow enclose changeable values, either as

— list item or
- pop-up menu list or
- drag item

. : Rounded rectangles are items that perform some action.

U : Simple rectangles (without drop shadow) display a measured value.

e [RecordingMode : Plain text is for titles only.

Drag: A number in a box with a drop shadow. The parameter value in a drag item can be changed by
clicking on it and dragging the mouse up and down. Alternatively, you can double-click on it, or SHIFT-click, or
right-click (MS Windows), and then type in a new value. Terminate input with RETURN or ENTER. Using TAB
will cycle through all Drag items of the active dialog window.

List: Similar in appearance to a Drag item. Clicking on it will pop up a menu list from which one
can choose a setting.

[Successl Edit Text: A text string in a box with a drop shadow. Clicking on it will allow editing the displayed string.
Button: Rounded corner rectangle. Clicking on it will cause the respective action to occur.

Switch: Rounded corner rectangle. Clicking on it toggles the parameter value. The switch is "On" or
activated if the item is highlighted. A switch can optionally also execute some action.

BPredicion Radio Button / Checkbox: Identical to the standard dialog items. Clicking on them will toggle the
respective parameters.
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2.2. Modifying Dialogs and Controls

Framed Text / Number / Boolean: Simple box with optionally some text. The Boolean value is indicated
by its color, inactive controls are gray [HRIIGON.

Enter: Pressing ENTER on the extended keyboard always brings you back to edit the control that was edited last.
The feature is very useful when one often edits the same control (e.g., a duration of a specific segment in the Pulse
Generator or the Display Gain in the Oscilloscope window).

Background Color: The color that appears while the user is dragging or entering a value is set by the Highlight
Color in the Mac OS control panel.

Be careful if changing — the user will not be able to read the edited number if the highlight
color is set to a very dark color. The MS Windows version displays highlighted controls with
white text on a black background.

2.1.1 Numerical Input

The numerical values can be entered in scientific notation (e.g., "2.3e-3", "2.3E-3") or in engineering format (e.g.,
"2.3m"). Numbers outside the range for engineering numbers (see table) are always displayed in scientific no-
tation. The old value is erased as soon as the user starts to type. To preserve the old string, move the LEFT or
RIGHT cursor first. To leave the previous value unchanged although a new one has been entered already, just
clear the input by pressing ESC, then RETURN or ENTER.

Table 2.1: Numerical Input Options

Name eng. sci.
Tera T E12
Giga G E9
Mega M E6
kilo k E3
milli m E-3
micro w/ u E-6
nano n E-9
pico p E-12
femto f E-15

SI Units: POTMASTER expects most units to be SI units, i.e., meters, seconds, amperes, or derived units like Hertz,
etc. However, for convenience there are exceptions to that rule. In such cases the item title contains an identifier
for what unit is to be used, e.g., "mV" if a voltage is to be entered in millivolts rather than in volts.

String Buffer: Whenever an edit process is finished with RETURN the edited string is entered into a cyclic buffer
of edit strings consisting of 10 entries. These strings can be accessed during editing using CURSOR UP and
CURSOR DOWN. This feature is useful when identical or similar strings have to be typed into various string
items.

2.2 Modifying Dialogs and Controls

Dialog items can be modified in many different ways, e.g. background or item color, text font, position of one
item, position of all items in the window.
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2.2. Modifying Dialogs and Controls

To modify dialogs and control items in the POTMASTER user interface, you have to select Enable Icon
Configuration from the Windows menu.

7| SelectEnable Icon Configuration.Now you can customize the windows:

* To drag and resize an item, right-click on the item and drag.

¢ To drag a group of items, press CTRL and right-click on the group and drag. A group of items is indicated
by a grey background field.

¢ To bring up the Dialog Control window, press CTRL and left-click on the item. Here you can modify the
item settings e.g. such as color, text font, dragging speed (see below).

“’| Select Enable Icon Configuration. Now you can customize the windows:

¢ To drag and resize an item, press ALT and left-click on the item and drag. The new item position will be
ignored if ALT is up when the mouse button is released.

* To drag a group of items, press CMD and ALT and left-click on the group and drag.

* To bring up the Dialog Control window, press CMD and click on the item. Here you can modify the item
settings e.g. such as color, text font, dragging speed (see below).

Be careful when e.g. changing positions, sizes or colors of buttons. If you deselect the option
visible in the Dialog Control window the button will disappear. Be reminded that it is not
possible to get the button back after that action.

The following table summarizes all actions (Enable Icon Configuration has to be selected!):

Table 2.2: Icon Configuration Options

Action Mac OS MS Windows

Open a configuration dialog | CMD + click CTRL + left-click

Move one item ALT + left-click + drag ALT + right-click + drag
Move group of items CMD + ALT + left-click+drag CTRL + right-click + drag

All windows except the Configuration window can be iconized i.e. reduced to a minimal size window. Such a
window can easily be expanded to the original size (and shrunk again) by clicking in its zoom box.

2.21 Dialog Control Window

In the Dialog Control window, you can control the properties of an item.
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2.2. Modifying Dialogs and Controls

Configure: "E R5eries” (drag,macro) @
Rect I | 70 | b [ 435 | w [ 84 | b [ 17 | [ executable
Position L [ 1 | b [ 13 ] %;ﬁ;@fﬁ .

Text [— | [MOhm | 4 inverted ot
& front only integer

Length Digits O] any modifier ~ ® fixed
= . i scientific
[ Font Arial ] Size & engineering
| normal | Key [ |
Gotoltem | 189 | [ Update ][ Cancel || Done |

Figure 2.1: Icon Configuration Dialog

Here you can see the Dialog Control window for a Drag button, in this case the amplifier R-series button. For
other buttons, e.g., with numbers or execution commands, there may be more or less controls available.

Here is the complete list of the controls:
Rectangle: Gives the position of the rectangle in the dialog window (left 1, bottom b) and the size of the item
(width, height) in pixel.

Position: Gives the position of the text in the item (left 1, bottom b) in pixel. You can select a position from the
list: left/center/right/last. "Last" is useful if you have text that may be longer than the specified button and
where the end of the text is more important than the beginning, e.g. a complete file path and name. In this
case, only the end of the text will be displayed, cutting off the beginning.

Text: Text label of the item.

Note: The label of a button can only be changed when there is already a name in the text field
inserted. Buttons with the default entry "—" will not be effected by a change of the label.

Unit: Unit of numeric values.

inverted: Changes the text color from black to white or vice versa.

Length: Maximum number of characters for this field. If the number is too low no number/value is displayed.
Digits: Number of decimal places.

Font: Select a font type from the list of available fonts on the system.

Size: Change the font size of the text.

Style: Define the style of the text: normal, bold, italic, underline, outline, shadow, condense, extend.

Key: Define the character which is assigned to that item. This enables the item to be executed from the keyboard.
When a key is applied to a list item, there are two keys assignments. E.g. one for increment and one for
decrement.

front only: If marked, the key will only work if this window is in front, i.e. the active one. This prevents key
command collision in case you want to use the same key settings in several windows.

any modifier: If marked, any of the modifier keys can be used.
Note: In newer MS Windows versions this function is limited.
executable: The button starts action by clicking. If not executable, the button will stay in its original color and is

inactive.
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2.2. Modifying Dialogs and Controls

visible: The button is visible.

Note: If not activated, the button will be invisible and cannot be edited anymore! To restore
the original setting you have to delete the file Potmaster. set.

enabled: The button can be activated or edited. If not enabled, the button will be gray and inactive.
Back Col: Color for a switch button that is not active (default: pink) or for any other button.
High Col: Color for a switch button that is active (default: red). For other buttons this feature is disabled.

Format of values:

integer: Value has to be entered as integer, e.g., "5".

fixed: Value has to be entered as floating point with maximum as many decimal places as given in
Digits, e.g., "0.001".

scientific: Value has to be entered in scientific format, e.g., "e-9" for "nano".

¢ engineering: Value has to be entered in engineering format, e.g., "n" for "nano".

WMEF: Saves the window as Windows Meta File (WME, MS Windows) or PICT (Mac).

Goto Item: Index number of the button. Please do not change this number, it is for internal handling only.

Configure: "E Mode® (listmacre)  In the caption of the dialog, you can see, if the item can be called from a Macro Command
in a protocol (‘macro’).

To complete the input, you have the following possibilities:

* Click on Update to see the change in the item of the respective window.
¢ Click on Cancel to leave the Dialog Control window without changes.

¢ Click on Done to leave the Dialog Control window and save all changes.

2.2.2 Hiding Controls

If you want to hide controls that are usually not necessary for your tasks, the easiest way to hide them is to pull
them to the side of the window.

Proceed as follows:

1. Select Enable Icon Configuration from the Windows menu.
2. Increase the size of a window. For that pull with the mouse on the lower end of the window.

3. Press CTRL and click with the right mouse button (MS Windows) or while holding the CMD key down click
(Mac OS) on a control and drag it to the edge of the window. While moving, you will see a gray rectangle
underneath it.

4. Re-size the window again to the original size. The controls are now hidden in the not visible area.

5. Now you can save it using the Save Front Dialog function in the Windows menu. The window setting
will be saved as * . dia file.

6. To restore the old default settings, delete the x.dia files from the home path as set in the Configuration
window.
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2.3. Saving Dialogs and Controls

2.2.3 Deleting Controls

If you want to customize POTMASTER for special purposes, e.g., for not allowing the user access to controls, the
secure version is to delete the controls. For this, you have to edit the button properties in the Dialog Control
window.

Proceed as follows:

1. Select Enable Icon Configuration from the Windows menu.

2. Press CTRL and click with the left mouse button (MS Windows) or while holding the CMD key down click
(Mac OS) on a control. The Dialog Control window opens.

3. Deselect enable or executable to simply deactivate the control. It will still be visible then.

4. Alternatively deselect visible - the control disappears completely.

5. Click on Update to see the effect, or on Done to save the control setting.

6. Now you can save it using the Save Front Dialog function in the Windows menu. The window setting

will be saved as * .dia file.

To prevent users from changing your settings, place the .dia files into access restricted folders and change the
home path in the Configuration window accordingly.

To restore the old default settings, delete the » . dia files from the home path as set in the Configuration window.

2.3 Saving Dialogs and Controls

Position and size of all POTMASTER windows are saved in the configuration file (e.g., Potmaster.set).

However, position, size, and state (iconized/not iconized) of each window can also be stored using the menu
option Save Front Dialog in the Windows menu (e.g., I0_Control.dia). If a dialog file for a window
exists, then the settings from that dialog file overrule the settings from the configuration file.

Note: When installing a new version of POTMASTER these customized dialogs are likely to become
incompatible, because additional items may have been introduced in the new version. It is, therefore,
best to discard these custom dialogs when upgrading.

Note: When you have saved a wrongly configured window by chance, delete the correspond-
ing file from the POTMASTER directory, the naming convention is [windowname] .dia, e.g.,
Oscilloscope.dia.

POTMASTER e June 2023 ¢ www.heka.com 10



2.4. Toggling between Windows

2.4 Toggling between Windows

Hitting the ESC key will close whatever window is in front. Systematically pressing the ESC key will close all
windows one at a time (except the Notebook window).

Potentiostat Window Oscilloscope Window

— v Switch to Control Window

Switch to Control Window

Switch to Cenfiguration
Switch to Oscilloscope
Switch to Potentiostat
Switch to Replay

Switch to Protocol Editor
Switch to Pulse Generator
Switch to Analysis

Switch to Analysis Window 1
Switch to Analysis Window 2
Switch to Parameters

Switch to I/0 Control

Switch to Photometry/Imaging
Switch to Zero Potential (E-zero)
Switch to LockIn

Switch to Spectroscopy
Switch to Solution Base
Switch to Solution Changer
Switch to Markers

Switch to Protocol Methods
Switch to Calculator

Switch to Notebook

Control Window

Switch to Control Window
Switch to Cenfiguration
Switch to Oscilloscope
Switch to Potentiostat
Switch to Replay

Switch to Protocol Editor
Switch to Pulse Generator
Switch to Analysis

Switch to Analysis Window 1
Switch to Analysis Window 2
Switch to Parameters

Switch to /O Control

Switch to Photometry/Imaging
Switch to Zero Potential (E-zero)
Switch to Lockin

Switch to Spectroscopy
Switch to Solution Base
Switch to Solution Changer
Switch to Markers

Switch to Protocol Methods
Switch to Calculator

Switch to Notebook

Switch to Configuration
Switch to Oscilloscope
Switch te Potentiostat
Switch to Replay

Switch to Protocol Editor
Switch to Pulse Generator
Switch to Analysis

Switch te Analysis Window 1
Switch te Analysis Window 2
Switch to Parameters

Switch to I/O Centrol

Switch te Photometry/Imaging
Switch to Zero Potential (E-zero)
Switch to LockIn

Switch to Spectroscopy
Switch to Solution Base
Switch te Selution Changer
Switch to Markers

Switch to Protocol Methods
Switch te Calculator

Switch to Notebook

The SPACE key can be used to quickly toggle between windows. The sequence of switching can be set in the
Switch to control. This control is extremely useful in several respects, firstly, it enables you to switch from one
window to another, depending upon what Switch to window option is selected.

Secondly, switching between windows can be performed very quickly and easily if you assign a keystroke to
perform the function. Simply select the desired Switch to window option and then assign a key to this window
in the previously described Icon Configuration window. To achieve this press the CTRL and select the Switch to
button with your mouse. The SPACE key is the default key but this can be changed. Thirdly, having the Switch
to control, enables window switching to be included within macro recordings in the Protocol Editor.

Note: Since this feature is not needed normally, it is available only if either Enable Icon
Configuration is selected or you are in the Macro Recording mode. You can then find the
control in the invisible window area.

Furthermore, this control is also available in the Protocol Editor, event Switch Window where it allows the inclu-
sion of window switching in a protocol sequence.
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2.5. Copy and Paste Functions

2.5 Copy and Paste Functions
In this section we give an overview of the Cut and Paste functions within the different POTMASTER windows and

dialogs.

While editing an item text in a dialog the Cut and Paste functions will operate on the edited text of the active,
highlighted item.

The menu function Edit — Copy is enabled for the following windows:

* Notebook Window: Standard copy functionality
¢ Equation Editor Dialog: Complete equation is copied.

¢ Calculator Window: Result of the equation if the SHIFT is not pressed and equation plus result if the SHIFT
is pressed.

¢ Amplifier Window: Amplifier state as defined in the Parameter window (Amplifier tab).

¢ Analysis Window 1 & 2: Respective Analysis Graphs are copied

¢ Analysis Window: The function list of the active Analysis Method, equivalent to the List function.
¢ Oscilloscope Window: Oscilloscope graph is copied.

¢ PGF Editor Window: Text description of selected stimulus is copied. The stimulus cartoon is copied instead
of the text listing, if the Cartoon View tab is active.

e Protocol Editor Window: Parameters as defined in the active tab are copied.
* Replay Window: Text listing of the data tree is copied.
* Protocol Methods: The protocol method is copied.

* Markers Window: Copies Series and Markers to the clipboard, equivalent to the function "Write to Note-
book".

¢ In most other functions or when the OPTION is down during the Copy function in the above functions the
window content is copied to the clipboard as PICT and WMF for Mac OS and MS Windows, respectively.
The graph is stored to disk, if the SHIFT is hold down while selecting the Copy function. Be aware that
Trace representations will be a bit map (not vectors) when exported as part of the dialog window.

The menu function Edit — Paste is enabled for the following windows:

* Notebook Window: Standard paste functionality
* Equation Editor Dialog: Insert a complete equation
¢ Calculator Window: Insert an equation

* Protocol Editor Window: Insert a protocol. This includes a method copied in the Protocol Methods win-
dow. Events are inserted at the active position, if the pasted text contains events without a leading protocol
definition. New protocols are appended to the present protocol pool.

Thus, Copy and Paste operations are target specific. E.g., pasting an equation while a sub-equation is being

edited in FITMASTER, will paste the new text into the selected sub-equation string, while pasting when no item is
selected, will replace the complete equation.
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3 Keys

Controls within windows can be accessed from the keyboard. The key assignments are saved in the
Potmaster.key file and will be read upon starting the program. All commands can be customized by the
user.

Please be aware that in case the Potmaster.key file is not available when the program is started, no key com-
mands are assigned!

The option Show Keys in the Help menu displays the key assignments in the various windows. For further
information see chapter 1.8 on page 3.

To list the keys, choose List Keys in the Help menu. The complete key list is displayed in the Notebook window.

To save the keys, choose Save Keys in the Help menu. The keys are saved in the Potmaster. key file. Old key-
board assignments will be automatically saved with an incrementing extension, e.g., x . k00, .k01, *.k02....

You can freely customize the key commands by:

¢ changing and saving key assignments via the dialog control (chapter 2.2 on page 6) or by

e directly modifying the Potmaster.key file, e.g., in a text editor.

3.1 The Key Listing

All keys can be listed in the Notebook by choosing List Keys in the Help menu. Alternatively open the
Potmaster.key file with a text editor.

In the following the notation of the key listing is described:

; denotes remark — will not be executed
@ denotes menu command.

B, P, N... denotes the window (B = Protocol Editor, P = Pulse Generator, N = Notebook...)

; B -> Protocol Editor
B WindowSwitch Key SPACE any

char denotes a letter — simply press it.

R UnmarkIt Key Char U

any denotes that any modifier key may be pressed and the key will function.

R WindowSwitch Key SPACE any

back denotes that this key will also work when the window is in the background (reverse to the "front only"
function in the Dialog Configuration window).
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3.2. The POTMASTER key File

E HoldDec2 Key CursorLeft option back

shift, option, caps, command, control requires that the respective modifier key must be pressed.

HOME, END denotes the corresponding keys on your keyboard.

R ScrollHome Key HOME any

NUM denotes that you have to use the numeric keypad for these numbers.

E Macro3 Key Numeric3

3.2 The POTMASTER.key File

MACRO-FILE 900

; @ -> Menu Keys
@ File "New..." Key "N" [Press "Key" + CTRL]
@ File "Open Read Only..." Key "O" [Press "Key" + CTRL]
@ File "Open Modify..." Key "M" [Press "Key" + CTRL]
@ File "Update File" Key "U" [Press "Key" + CTRL]
@ File "File Status" Key "I" [Press "Key" + CTRL]
@ File "Quit" Key "Q" [Press "Key" + CTRL]

; the standard keys should not be changed:

; @ Edit "Undo" Key "Z" [Press "Key" + CTRL]
; @ Edit "Cut" Key "X" [Press "Key" + CTRL]
;@ Edit "Copy" Key "C" [Press "Key" + CTRL]
; @ Edit "Paste" Key "V" [Press "Key" + CTRL]
@ Edit "Select All" Key "A" [Press "Key" + CTRL]
@ Edit "Find..." Key "F" [Press "Key" + CTRL]
@ Edit "Find Same" Key "G" [Press "Key" + CTRL]
@ Edit "Find Selection..." Key "H" [Press "Key" + CTRL]
@ Edit "Replace..." Key "R" [Press "Key" + CTRL]
@ Edit "Replace Same" Key "T" [Press "Key" + CTRL]
@ Windows "Oscilloscope" Key F12
@ Windows "Potentiostat" Key F11
@ Windows "Replay" Key F10
@ Windows "Protocol Editor" Key F9
@ Windows "Pulse Generator" Key F8
@ Windows "Analysis" Key F7
@ Windows "Notebook" Key F5
@ Windows "Close Front Window" Key "W" [Press "Key" + CTRL]
@ Notebook "Save" Key "S" [Press "Key" + CTRL]
@ Notebook "Print..." Key "P" [Press "Key" + CTRL]
@ Notebook "Clear" Key "B" [Press "Key" + CTRL]
@ Notebook "Zoom In" Key "K" [Press "Key" + CTRL]
@ Notebook "Zoom Out" Key "L" [Press "Key" + CTRL]

; A —-> Analysis

A WindowSwitch Key SPACE any
; B -> Protocol Editor
B  WindowSwitch Key SPACE any
B End Key END any
B Home Key HOME any
B DownPage Key PageUp any
B UpPage Key PageDown any
B Down Key CursorUp any
B Up Key CursorDown any
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3.2. The POTMASTER key File
; C —> Solution Base
C Done Key RETURN any
; D —> Parameters
D WindowSwitch Key SPACE any
; E -> Amplifier
E WindowSwitch Key SPACE any
E StopStandby Key NumbericO any back
E IRange Key CursorDown back
E IRange Key2 CursorUp back
; H —> Photometry

H WindowSwitch Key
; I -> I/0 Control
I WindowSwitch Key
; J —> Calculator
; K —> Markers
K WindowSwitch Key
; L —> LockIn
L WindowSwitch Key
L LockInDone Key
; N —=> Control Window
N WindowSwitch Key
N TimerSet Key
N Resume Key
N Wait Key
N Next Key
N Break Key
N Stop Key
N PG6 Key
N PG5 Key
N PG4 Key
N PG3 Key
N PG2 Key
N PGl Key
; O —> Oscilloscope
O WindowSwitch Key
O YOffsetDec Key
O YOffsetInc Key
O YScaleDec Key
O YScalelnc Key
O YCenter Key
O ResetY Key
O DispTrace Key
O DispTrace
O Wipe Key
O MoveRRight Key
O MoveRLeft Key
O MoveLRight Key
O MoveLLeft Key
; P —> PGF-Editor
P WindowSwitch Key
; R —> Replay
R WindowSwitch Key
R ScrollEnd Key
R ScrollPageDown Key
15

SPACE any

SPACE any

SPACE any

SPACE any
RETURN any

SPACE any

Char any back
Char control
Char
Char
Char
Char
Char
Char
Char
Char
Char
Char

back
back
back
back
back

control
control
control

T
R
W
N
B
S control
6
5
4
3
2
1

SPACE any
Numeric- shift back
shift back
back
back
back
back

back

Numeric+
Numeric-
Numeric+
Numeric.
Numeric#
Numeric4

Key2 Numberic5 back

Deleteleft any back

Char > any [for "Scan" function,
Char < any [for "Scan" function,
Char [for "Scan" function,
Char , [for "Scan" function,
SPACE any

SPACE any

END any

PageDown any

jumps 10 points]
jumps 10 points]

point by point]
point by point]
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3.2. The POTMASTER key File

ooWow ™ m W ™ m W

0

a =]

a

<

N N N N

ScrollDown
ScrollUp
ScrollPageUp
ScrollHome
ScrollRight
ScrollLeft
UnmarkIt
MarkIt
ShowIt

—-> Configuration
WindowSwitch

-> Trace Properties

Done

—-> Online_1
WindowSwitch

—> Online_2
WindowSwitch

—-> Ezero
WindowSwitch
Cancel
Done

Key
Key
Key
Key
Key
Key
Key
Key
Key

Key

Key

Key

Key

Key
Key
Key

CursorDown any
CursorUp any
PageUp any

HOME any
CursorRight any
CursorLeft any
Char U

Char M

RETURN any

SPACE any

RETURN any

SPACE any

SPACE any

SPACE any
ESC any
RETURN any
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4 Menus

The following section describes the various drop-down menus in POTMASTER.

4.1 File Menu

The File menu has all options to handle POTMASTER experiment files. A single POTMASTER "Experiment", that
can hold a variable number of single electrochemical experiments, can consist of several types of files:

* The ».dat file contains only the actual raw data without any timing or scaling information (=data).

* The » .mac file contains macros (=Macro). [Disposed since version 2x52]

¢ The » .mrk file contains the used marker information (=Marker).

e The » .mth file contains the used methods (=Method).

* The ».onl file contains Analysis information (=Online Analysis).

* The ».pgf file contains the used stimulus templates (= Pulse Generator File).

® The x.pro file contains Protocol Editor information (=Protocol Editor).

* The ».pul file contains the complete data tree (=Pulsed Tree).

e If the solution database is used, then a file with the extension * . so1 is stored with the data files (=Solution).
It contains information on the solutions used in the stored experiments.

¢ Inthe = .txt file (=Text), the contents of the Notebook are stored (If Auto Store is activated in the Notebook
menu).

If the option Make Bundle File is checked in the Configuration window (see chapter 5.5.2 on page 52), then the
files x .pul, x.pgf, ».onl, » .mrk, » .mth and = .dat are merged into one single » . dat file.

Raw data acquired by POTMASTER is only written to disk in the so called Store mode (i.e. if the Store button in
the Control window is switched on).

The data are written to disk either:

e upon completion of a Sweep or Series or

¢ during the acquisition, in case of a continuous Sweep.
The structural information is kept in RAM; they are stored to disk only when:

* a new file (File — New), a new group (File — New Group) or a new experiment (File — New
Experiment) is created or

¢ the Update File function is executed (File — Update File) or

¢ the program is terminated (File — Quit)
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New...: Creates a new, empty data file that is ready for data acquisition. New... Ctrl+N
The file has read and write permission. Open Read Only... Ctrl+Q
Open Read Only...: Loads an existing file in Read Only mode. Modifica- Open Modiy... kM
tion of the file is not allowed. Use this option when you want to analyze Merge.- .
data and to make sure not to change or delete anything. Update File Ctri-U
Close
Open Modify...: Loads an existing file with read and write permission. File Status Cirlal
Modification of the file such as appending or deleting data is allowed.
Mew Group

Deleting entries in the data file is not reversible. Make New Experiment

1 sure to always have a backup of the original files when Write Tree Files v
- modifying an experiment. The exception is, of course, Convert To PPC Format
when you really want to delete a part of the stored data. Convert To Intel Format
Merge...: Appends the data tree from an existing data file to the data tree e
of the actually opened file. Page Properties Notebook...

Page Properties Traces...

Update File: Updates the whole experiment to disk. This includes all files

involved (see above). If you encounter computer crashes leading to data gl St
loss, use this option frequently or enable one of the settings to be found via

File — Write Tree Files.

Close: Closes the actual file.

File Status: Prints information about the status of the currently opened file such as the path, length, etc. to the
Notebook window. A typical output could look as follows:

Storing to disk ENABLED,
read-write file: "C:\HEKA\Data\Exp0OOl.dat"
length: 284 kb; free disk space: 44.33 GB.

New Group: Generates a new Group in the output data tree of the Replay window if the file is opened without
write protection. After the addition of a new Group a file update is automatically performed.

New Experiment: Generates a new experiment and a new Group (see above) and increments the experiment
number.

Write Tree File: Defines when the data are flushed to disk. Choose one of these options:

o After Update File: Files are updated after an Update File command, and after creating a new experiment or
Group.

o After Series: Writes raw data to disk after each acquired Series.

¢ After Sweeps: Writes raw data to disk after each Sweep.

The second option will make sure that the system file cache gets written to disk (i.e., "flushed") after acquiring a
Sweep, and the third option performs a cache flush after acquiring a complete Series. Deselecting both options
will suppress file cache flushing. In that case, the operating system will flush the file cache when it overflows.

The flushing of the file cache may take some seconds, depending on its size. Thus, if one lets the system decide
when to flush, it may occur at an inappropriate moment, such as in the middle of a series. On the other hand, if
POTMASTER would always force file cache flushing (as it does when the option Write After Sweep is active), one
could not take advantage of the fact that writing to the file cache in RAM is faster than physically writing to disk.

It is safest to select the Write After Sweep option. This ensures that the data are immediately written to disk. The
timing between Sweeps is also not interrupted by the system when a possibly large file cache is written to disk. If
one must get the fastest disk performance possible, one can deselect the options. In that case, data are written to
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RAM, not directly to disk. However, this can only work as long as fewer data are acquired than there is space in
the file cache.

Note: POTMASTER writes only that part of the tree files which were added or moved, thereby
drastically reducing the time required for updating the files to disk.

Convert to PPC: Converts the raw data to PowerPC format ("big endian"). This is required if a third party program
is used that can not distinguish between Intel ("little endian") and PPC data format but requires data to be read in
PPC format.

Convert to Intel Format: Converts the raw data to Intel ("little endian") format. This is required if a third party
program is used that can not distinguish between Intel and PPC data format but requires data to be read in Intel
format.

Page Setup...: Calls the Printer/Page Setup dialog of the operating system.
Page Properties Notebook...: Calls a dialog to set the page margins (left, | SetMargins - ot S|

right, top and bottom) and the font for printing. These settings apply for
printing the Notebook.

Text Font Systermn

Left Margin n1zs

Right Margin 005
Top Margin 005
Bottorn Margin n.0s

W Text'\Wrapping

(0] | Cancel
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Page Properties Traces...: Calls a dialog to set the number of columns and | Set Margins A o]

rows, the page margins (left, right, top and bottom) and the font for printing.
These settings apply for printing data graphs.

Quit: Exits POTMASTER.

The default quit options are:

¢ Save + Exit: Saves configuration and data files and then quits the program.

¢ Exit: Saves data files and quits program.

¢ Cancel: Exit process will be aborted, you return to the program.

MNumber Of Rows

MNumber Of Calumns

Text Font

i

Arial

Left Margin
Right Margin
Top Margin
Bottorn Margin
¥ Print Frame

¥ Print Comment

o]

1

0

0

111

n.04

Cancel

These default behavior can be influenced by the options Save Settings and Verify Quit in the configuration dialog

of POTMASTER.

Note: If you changed the Protocol Editor, the Pulse Generator pool or the Analysis you will be

asked independently if you want to save your changes.

Data files are always saved.
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4.2 Edit Menu

The Edit menu applies to text manipulation in the Notebook window. The Copy Undo Ctrl+Z
function can also be used to copy graphs from the Oscilloscope or from an Online

Cut Chrl+X
window into the clipboard.

Copy Ctrl+C
Please note that most entries of this menu are disabled unless the Notebook win- Paste Ctrl+V
dow is in front! Clear
The menu entries conform to the typical functions of the actual operating system select Al CrieA
(Mac OS or MS Windows). Find... Ctrl+F

. . . Find S Ctrl+G

Undo: Cancels the last action performed in the Notebook window. e mame o

Find Selection... Ctrl+H
Cut: Cuts the text selection from the Notebook window. Replace... Ctrl+R

Replace Same Ctrl+T

Copy: Copies a text selection from the Notebook. The Copy function can also be
used to copy graphs from the Oscilloscope or from an Online Window into the clip-
board. The active window (Notebook, Oscilloscope or Analysis) determines what
is copied.

Paste: Pastes text from or to the clipboard.
Clear: Removes any content of the Notebook window.
Select All: Selects the whole Notebook window content.

Find...: Finds the entered search string.

Note: The Find function is case-sensitive and only searches from the cursor position to the end of
the string.

Find Same: Finds the next appearance of the entered search string.
Find Selection...: Finds the search string that was marked (highlighted) in the Notebook window.
Replace...: Replaces the entered search string by some new string.

Replace Same: Finds and replaces the next appearance of the entered search string.
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4.3 Windows Menu

The Wwindows menu applies to the windows in POTMASTER. Clicking on
a menu entry either opens the respective window or brings the already

Control Window

Configuration

open window to the front. For most windows there are key commands Oscilloscope F12
assigned which will be displayed in the menu (see image beneath and Potentiostat F11
also chapter 3 on page 13). Replay F10
Control Window: Opens the Control Window or brings it to the front (see Protocol Editor P
chapter 8 on page 91)‘ Pulse Generator F&
Analysis F7
Configuration: Opens the Configuration window or brings it to the front Analysis Window 1
(see chapter 5 on page 41). Analysis Window 2
Oscilloscope: Opens the Oscilloscope window or brings it to the front Parameters
(see chapter 6 on page 67). YO Control
. . . . . Photometry/Imaging
Potentiostat: Opens the Potentiostat window or brings it to the front (see :
hapter 7 on page 71) Zero Potential (E-zero)
chap pag ’ Lockln
Replay: Opens the Replay window or brings it to the front (see chapter 9 Spectroscopy
on page 95). Solution Base
Protocol Editor: Opens the Protocol Editor window or brings it to the Selution Changer
Markers
front (see chapter 11 on page 131).
Protocol Methods
Pulse Generator: Opens the Pulse Generator window or brings it to the Calculator
front (see chapter 10 on page 99). Motebook F5
Analysis: Opens the Analysis window or brings it to the front (see chap- Close Front Window Ctrl+W

ter 13 on page 179).

Save Front Dialeg

Analysis Window 1, 2: Opens the specified Analysis Window window or Reset Front Window Position

brings it to the front (see chapter 13.4 on page 190). Enable Icon Configuration
Parameters: Opens the Parameters window or brings it to the front (see chapter 14 on page 197).
I/0O Control: Opens the /O Control window or brings it to the front (see chapter 16 on page 213).

Photometry/Imaging: Opens the Photometry Configuration or Imaging Configuration window or brings it to the
front if the Photometry or Imaging Extension is activated (see chapter 5.4.7 on page 48 or chapter 5.4.5 on
page 48).

Zero Potential (E-zero): Opens the Zero Potential window or brings it to the front (see chapter 17 on
page 217).

LockIn: Opens the LockIn Control window or brings it to the front if the LockIn Extension is activated (see
chapter 5.4.3 on page 47).

Spectroscopy: Opens the Spectroscopy Control window or brings it to the front if the Spectroscopy
Extension is activated (see chapter 5.4.4 on page 48).

Solution Base: Opens the Solution Base window (see chapter 18 on page 221). If no solution base file is loaded
you will be prompted to create a » . sol file.

Solution Changer: Opens the Solution Changer dialog (see chapter 19 on page 225).

Markers: The Markers window allows to set sweep markers and/or trace markers during a continuous recording
(see chapter 20 on page 227).

Protocol Methods: Opens a dialog which provides information about the used Protocol Method.

Calculator: The Calculator window allows to perform numeric calculations in POTMASTER (see chapter 21 on

POTMASTER e June 2023 ¢ www.heka.com 22



4.4. Replay Menu

page 231).

Notebook: Opens the Notebook window or brings it to the front (see chapter 15 on page 211).

Close Front Window: Closes the window that is in front display.

Save Front Dialog: Dialogs modified by the user can be saved via this menu entry (see chapter 2 on page 5).

Reset Front Window Position: The position of the active (front) window is reset to a predefined "home" position.
This function is essential when accidentally the window position has a huge offset and cannot be brought back
into the field of view.

Enable Icon Configuration: If selected, the dialogs and controls in the POTMASTER user interface can be modified
(see chapter 2.2 on page 6).

44 Replay Menu

The Replay menu functions are active when the Replay window is selected.

Show: Displays the content of the selected target. Traces are displayed Show

according to the settings specified in the Display menu and the Oscillo- Show PGF-Template

scope window. If the Root is selected for Show, all Traces are displayed Copy PGF to PGF-Pool

one after another. This can be aborted by mouse click on the Break or Stop Show Protocol Method

buttons in the Oscilloscope window. Reference Series »
Show PGF Template: This option opens the stimulation file (PGEF- Delete

Template) of the corresponding selected Series in the Replay tree (or the Brint

first Series, if a Group is the target). Leave the window open and scroll Export

through your acquired data in the Replay tree to get an overview of the

. . . R Export Full Sweep
stimulation settings of your recordings (read-only).

Export Format: ASCI 3
Copy PGF to PGF-Pool: Copies the stimulus protocol of a selected Trace, Export Mode ’
Sweep or Series into the current Pulse Generator file. ASCI Text Format ’
Show Method: Displays the name and the used settings of the Protocol Import Trace >
Method of the selected target (read-only). There are two additional options: Export Trace v
With Marked Target and Children
* Copy To Analysis: Copies the used Analysis Method of the Show Target
Protocol Method to the Analysis Methods pool of the Analysis. Print Target

Export Target
Export Full Target
Recompute Zero Offset

* Copy To Protocol: Copies the protocol event lines of the used
Protocol Method into the active protocol at the selected position
of the Protocol Editor.

Average Sweep

Average Series

Note: By using the Copy function from the Edit menu one
can copy the the method text to the clipboard. Then one can paste
the method at any position in the Protocol Editor by the

Paste option.

Duplicate Target
Compress Target
Collapse Target
Delete Target

Reference Series: Selects a target as reference with the Set function. The
Reference Series is subtracted from all replayed data, if Subtract Ref. Series
in the Display menu is active. The subtraction of the Reference Series
not only affects the display of the data in the Oscilloscope window, but
also data analysis (see chapter 4.5.2 on page 31) and export. A previously
selected Reference Series can be turned off with the Off function.

Delete: Deletes the selected target.
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Print: Prints the selected target and the Analysis Graphs if an Analysis Method was active. The Analysis Graph
gets only printed when the Series level is the selected target.

Export: Exports the selected target. Display gain, leak subtraction or zero line subtraction will be applied (special
case for Igor Binary export see below).

Note: The Export option will try to keep a "what-you-see-is-what-you-get” behavior. This means
that the display options define the export options; e.g., only the displayed data are exported; or
when Show Leak Traces is on, the leak Traces are also exported. For full Sweep export please use
Export Full Sweep or make sure that the display is set to full time range, i.e. Start Time = 0%,
End Time = 100% .

Export Full Sweep: Exports the full Sweep. This function works independent from the time range settings in the
Oscilloscope window. Display gain, leak subtraction or zero line subtraction will be applied.

Export Format: This determines the output device and the type of output to be created. Output is generated in the
way the data are displayed in the Oscilloscope window, e.g. when the digital filter is on, filtered data are output.

The following export formats are implemented:

* ASCII: Sweeps are output as columns of ASCII numbers representing the data Traces (all in scientific for-
mat). Each Sweep and Series starts with an identifier. The separator can be modified (space, comma, or tab
separators) by using the ASCII-Text format option in the Replay menu.

Please note, that this may create huge ASCII files when the output target is a Group, for example.

¢ Igor Pro: Exports Igor Pro format. For further format options, see the lower part of the menu.
* MatLab: Sweeps are exported as MatLab file.
=]
. SB|pCT: Sweeps are exported as Mac OS PICT file. Each file contains a single Sweep. When a Series is

output, the Sweep files are generated automatically with the same name convention as waves for Igor Pro
files: indices of "Group_Series_Sweep" are appended to the name.

WME: Sweeps are exported as Windows Meta Files. Each file only contains a single Sweep. When a
Series is output, the Sweep files are generated automatically with the same name convention as waves for
Igor Pro files: indices of "Group_Series_Sweep" are appended to the name.

Note: Instead of exporting graphs in PICT or WMF format, you might want to copy
(CTRL+C) the traces and to paste (CTRL+V) them into another application.

e Printer: Defines a printer for the export of the selected data. In contrast to the direct Print option where you
always print the data and the Analysis Graphs, if available, the Printer allows to set either Traces and/or
Analysis - Graphs in the Export Mode. If one wants to have individual Sweeps rather than a complete
Series plotted in the page sections, one has to turn off Overl. Ser. in the Oscilloscope window or use the
export option Export Full Sweep.

Further export parameters can be set here:

¢ Trace Time relative to Sweep: Individual Sweeps will be exported in an overlaid fashion. Time of the first
data point of each Sweep starts with 0.

¢ Trace Time relative to Series: Individual Sweeps will be exported in an overlaid fashion. Time of the first
data point of each Sweep starts with the difference between the start time of the Series and the start time of
the 1. Sweep of that Series.
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* Trace Time relative to Timer: Individual Sweeps will be exported in a concatenated fashion. The Trace time

is offset by the TimerTime at Sweep start.

* Relative Trace Time: Individual Sweeps will be exported in a concatenated fashion. Same as above, but the

time is subtracted by the TimerTime at the start time of the 1. Sweep. Resulting that the time of the first
Sweep starts with 0.

The following format options refer to Igor Pro format only:

¢ Igor - Allow Raw Data Access: Whenever possible an Igor Info file is generated allowing access to raw

POTMASTER data which should be stored in the same folder. Using this output option assures fastest output
and the smallest output files.

Igor - Create Binary Wave: Export of Sweeps to Igor Pro as binary data. This function generates an Igor
macro which contains the instructions for Igor on how the data are to be loaded, scaled, and displayed. It has
the extension * . 1t x. A double-click on it will make Igor Pro load that macro file and execute the instructions
in it, importing, scaling, and displaying the data. The actual data are not really exported when using the
Allow Raw Data Access option. That option will make use of the "GBLoadWave" Igor extension to
read the data directly from the POTMASTER raw data file, i.e., the . dat file. The data are converted to Igor
binary waves when the simple Export option is used. However, even in that case a macro file is generated
and you should load the data via that file. When you want to import data from within Igor Pro, use the
option Load. . .Igor Text toload the macro file. Use the option Load. ..Igor Binary only when you
want to explicitly load one of the generated Igor binary waves (file extensions « . ibw or * . wav).

Note: It is much faster to work with "Create Binary Wave” than with "Create Text Wave”,
and the created files are considerably smaller.

Igor - Create Text Wave: Export of Sweeps as ASCII waves in "Igor Text" format for the analysis and
display program Igor. In Igor Pro, each wave is identified by indices "Group_Series_Sweep_Trace" (e.g.,
"Name2_4_3_1"). If the file name starts with a number, a "W" is placed in front of it, because in Igor Pro,
waves are not allowed to start with a number. The created file has the extension » . 1t x and is recognized by
Igor Pro, i.e., double-click on this file will start Igor Pro, load and display the file content (not for Sweeps).
The waves will immediately be displayed in Igor Pro only when the Igor: Make Graphs option was selected.
Otherwise, the Sweeps will be loaded, but must be displayed by Igor Pro’s "Display Wave" or "Make Graph”
command. When loading Igor Text output files, do not use the "General Text" import option in Igor; always
use the option "Load...Igor Text".

Igor - Make Graphs: The Sweeps are exported as Igor graphs as they appear in POTMASTER in the Oscillo-
scope window. The created files have the extension * . 1t x and are recognized by Igor Pro, i.e., double-click
on this file will start Igor Pro, load and display the file content.

Igor - Make Layouts: This option is useful if several Series shall be exported to Igor Pro. The exported Traces
are arranged on an Igor Pro layout page. The created files have the extension « . itx and are recognized by
Igor Pro, i.e., double-click on this file will start Igor Pro, load and display the file content.

Igor - One Graph per Full Sweep: With this option, a Trace that consists of several pages (e.g. continuous
data) is exported as one single Igor Pro wave. Without this option, one wave per page is exported.

Export Mode: Shows a sub-menu that allows determining what will be exported:

25

* Traces: Exports the selected Traces.

¢ Stimulus: Exports information on the used stimulation pattern (segment duration and amplitude).

Note: This option can only be used when either Traces or Analysis - Graphs is selected.
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* Analysis - Graphs: The graphs of the Analysis get exported.

¢ Analysis - Notebook: The Analysis function results which are displayed in the Notebook get exported. Please
note that the option Notebook in the Analysis window has to be selected.

Note: This option is not available when using the Igor Pro Export Format.

ASCII-Text Format: Shows a sub-menu that allows to specify the type of separator used when generating ASCII
tables, and the format of the exported text:

* Space/Comma/Tab Separator: Specifies how values are separated.

® Include Headers: If checked, a header that specifies various parameters of the exported data will precede
the actual values.

Import Trace: Imports data into a selected Trace.

When importing data you first have to generate a corresponding data structure (Tree) in POTMASTER. Make sure
that the Gain and Sampling Interval of the data structure match the data you intend to import:

¢ Gain mismatch might result in loss of resolution or saturation of the data.

¢ The length of the imported Trace must be equal or greater than the Trace selected in the Replay window.
Points exceeding the length of the Trace in the Replay window are discarded.

You can import the following three formats:

e from ASCII file: Imports data which were saved as CSV (=Comma-Separated Values).
e from Binary file: Imports data which were saved in the Igor binary format.

¢ from Igor Wave: Imports data which were saved in the Igor Wave format.

Note: Since the Traces will be imported into the open file, the import function does not work when
your file is read-only.

Export Trace: Exports data. You have four possibilities:

¢ as ASCII file: Exports data in ASCII file format.

e as Binary file: Exports data in Binary file format.

* as Igor Wave: Exports data in Igor wave format.

e as Stimulus Template file: Exports data as a stimulus template file.

With marked Target and Children...

Actions executed from this section of the Replay menu are performed on all marked children of the selected
Target in the data tree:
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A B

In example "A" the With Marked Target and Children — Export command would export only Sweep
3 to 8 of the first IV, while in example "B" all marked Sweeps would be exported.

27

Show: Displays marked Targets in the selected tree branch.
Print: Prints the marked Targets and children of the selected tree branch.

Export Target: Exports marked targets and children of the selected tree branch. The display options in the
Oscilloscope window define the export options.

Export Full Target: Exports the full marked targets and children independent from the time range settings
in the Oscilloscope window.

Recompute Zero Offset: The zero offset value of all Traces in the selected target is recomputed. The zero
offset value is used by the Subtract Zero Offset function (see chapter 4.5 on page 29).

N L)

Fecompute zero offset of wisible traces:

target trace (1..32) |1—
left bound [%] (0.95) o
right bound [%] (1.100) fpo—
segment (0 = use zero seq.) ID—

oK Cancel |

— target trace (1...32): Selects the target Trace for the zero offset recomputing.

— left bound [%](0...99) & right bound [%](0...100): Defines the range in between POTMASTER should
recompute the zero offset.

- segment (O=use zero seg.): Defines the Segment (of the PGF) for the zero offset calculation.
Note: Only visible Traces are recomputed.
Note: Only Traces originating from an AD-channel are recomputed; virtual Traces are not

affected.
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Note: The zero offset of leak Traces are only recomputed if the "Show Leak Traces” is selected
from the Display menu.

¢ Average Sweep: Averages all Sweeps of a Series and stores them as Series with one Sweep. The Sweeps
have to have the same length.

* Average Series: Generates one new Series in which each Sweep is the average of all marked Series with the
same Sweep index and each Trace with the same Trace index.

® Duplicate: Creates a new Group containing all marked targets. This is e.g. convenient when one needs to
compress a Trace for export.

¢ Compress: Compresses all marked Traces by a given compression factor. Optionally one can supply a
maximal compression factor. This can be used e.g., if one has Traces which are already compressed and
having much fewer points per second, e.g., a FURA trace. The Traces cannot reside in a read-only file. To
compress a Trace in a read-only file, duplicate the required targets.

¢ Collapse: The Sweeps of all marked Series are copied into a new Series. This is typically used when one
acquired many Series with one single Sweep and one wants to combine them into one Series for easier
Analysis.

® Delete: Deletes the marked targets and children of the selected tree branch.

Note: Delete and Delete Marked Target Children are disabled when a data file is opened with
File — Open Read Only.

POTMASTER e June 2023 ¢ www.heka.com 28



4.5. Display Menu

4.5 Display Menu

This menu sets some parameters for the display of data in the Oscilloscope window.

Auto Show: Automatically displays the data selected in the Replay window. When v | aute Show

this option is disabled, a double-click on the targets in the tree is required for dis- Trace Properties
playing the data. v Show Zero Line
Trace Properties: In the Trace Properties dialog the user can set Show, Vector Subtract Zero Offset
(connect individual data points) and Center flags, select the Marker type and the Subtract Ref. Series
Reference Series properties. All settings are explained in detail in chapter 4.5.2 on Subtract Trace Buffers
page 31. v Dimmed Overlay
Also, the Trace Properties can be set via macro commands to allow automatic dis- Overlay Pages

play adjustment depending on type of acquisition. Have a look for the macro com- v | Overlay Traces
mands starting with T (Help menu — List All Macro Items). v | Overlay Sweeps

The color of Traces can be set in the Line Colors dialog of the Configuration window Overlay Series

(see chapter 5.6.1 on page 54). Auto Y-scale

. . . . . Fixed ¥-scal
Show Zero Line: Draws a reference zero line in the Oscilloscope window. pee e

Fixed X-width
Subtract Zero Offset: Subtracts the zero offset from the measured signals. The zero e i
offset is the mean value, calculated from the Zero segment. The Zero segment is Labeling ,
defined in the PGF (see chapter 10.10.2 on page 120). Usually, the zero offset value 3D Mode \
is determined online, but it can also be computed offline by use of the Recompute
Zero Offset function from the Replay menu (see chapter 4.4 on page 27). Show Tree Info

Note: Subtract Zero in the Display menu is kept “On” even if the conditions for Zero Sub-
traction are not met. If one wants to see the subtracted Trace offline, one has to switch to another
Trace in the Replay Tree and then back to the just acquired Trace. A simple “Wipe” or “Redraw”
of the displayed data is not sufficient.

Subtract Ref. Series: If this item is checked, then the Reference Series is subtracted from all replayed data (see
chapter 4.5.2 on page 31).

Subtract Trace Buffers: If this item is checked, then the Trace Buffer is subtracted from all replayed Traces (see
chapter 4.5.2 on page 31).

Dimmed Overlay: Turns the Dimmed Overlay mode on or off. In Dimmed Overlay mode, the last displayed
Trace is drawn in another color than the previously plotted Traces.

Overlay Pages: During continuous acquisition the data are displayed in pages. The pages can be overlayed.
Overlay Traces: Overlay of all Traces of a selected Sweep.

Overlay Sweeps: Overlay of all Sweeps of a Series.

Overlay Series: Overlay of all Series, i.e. overlay of all.

Auto Y-scale: The Y-scaling is automatically adapted to the replayed data to fit minimal and maximal data of a
Series onto the screen. The range of the Y-scaling depends on the Gain settings.

Fixed Y-scale: The Y-scale is fixed. In the Oscilloscope window the controls Y-scale and Y-offs. turn into Y-max
and Y-min.

Note: Auto Y-scale has priority over Fixed Y-scale.

Fixed X-width: The X-scale is fixed. In the Oscilloscope window the controls Start Time and End turn into X-min
and X-max.
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Freeze Zero Line: This checkbox determines the behavior of the display scaling in the Oscilloscope window.
When Freeze Zero Line is selected, the Oscilloscope behaves like an oscilloscope, i.e. when the display gain is
changed the zero line stays at its position. When deselected, display scaling is performed with reference to the
center of the display. L.e., when Y-offs is not zero, the zero line may alter its position on the screen.

Labeling: Determines the labels in the main display of the Oscilloscope window and the PGF-Editor Grid inde-
pendently:

e Labels Only: Draws calibration bars.

e Grids + Labels: Draws a grid and units/division.

® Grids + Values: Draws a labeled grid.

¢ No Labels: No labels, no grids.

Show Tree Info: When this option is selected, information about the replayed target is shown in the Notebook
window.

4.5.1 3D-Mode

Shows a sub-menu for selection of the pseudo three-dimensional graphing.
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Figure 4.1: 3D Mode of the Oscilloscope Window

The following settings can be made:

® 3D-Graph - On: The results are displayed in black and white in pseudo three-dimensional mode by display-
ing subsequent Sweeps with a horizontal and vertical offset. The dX and dY values for the 3D feature can
be entered in the Configuration window. The default value for both is 0.010.

¢ 3D-Graph - Color: The results are displayed in pseudo colors leading to a two-dimensional height profile.
You can set the color selection and the contrast by changing the values in Y-scale and Y-offs.

¢ 3D-Graph - On and 3D-Graph - Color: The results are displayed in pseudo colors and 3D-mode to give the
impression of contour lines, thus leading to a 3D height profile.
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Figure 4.2: Pseudo Color Data Representation

4.5.2 Trace Properties Dialog

[ Extend ) [ Extend )

o e B o |

Center
Center
Center
Center
Center
Center
Center
Center
Center
Center
Center
Center
Center
Center
Center
Center

Trace Properties

Copy 1. to alll Extend ) [ Extend ) [ Extend )

Trace 1 ® Show & Vectors | Mo Marker | @ Ref Series Com
Trace 2 ® Show [ Vectors | Mo Marker O Ref. Series Corr.
Trace 3 B Show & Vectors | Mo Marker O Ref. Series Corr.
Trace 4 B Show & Vectors | Mo Marker | O Ref Series Com.
Trace 5 B Show [ Vectors | Mo Marker O Ref. Series Corr.
Trace 6 ® Show & Vectors | Mo Marker O Ref Series Corr.
Trace 7 ® Show [ Vectors | Mo Marker O Ref. Series Corr.
Trace 8 B Show & Vectors | Mo Marker O Ref. Series Corr.
Trace 9 B Show & Vectors | Mo Marker | O Ref Series Com.
Trace 10 B Show [ Vectors | Mo Marker O Ref. Series Corr.
Trace 11 ® Show & Vectors | Mo Marker O Ref Series Corr.
Trace 12 ® Show [ Vectors | Mo Marker O Ref. Series Corr.
Trace 13 B Show & Vectors | Mo Marker O Ref. Series Corr.
Trace 14 B Show & Vectors | Mo Marker | O Ref Series Com.
Trace 15 B Show [ Vectors | Mo Marker O Ref. Series Corr.
Trace 16 ® Show & Vectors | Mo Marker O Ref Series Corr.
Buffer 1 ® Show [ Vectors | Mo Marker | Use Separate Scaling
Buffer 2 B Show & Vectors | Mo Marker | Use Separate Scaling
Buffer 3 B Show & Vectors | Mo Marker | [ Use Separate Scaling
Buffer 4 B Show [ Vectors | Mo Marker | [ Use Separate Scaling

Mo TBuffer Corr.

Mo TBuffer Corr.

Mo TBuffer Caorr.

Mo TBuffer Caorr.

Mo TBuffer Caorr.

Mo TBuffer Corr.

Mo TBuffer Corr.

Mo TBuffer Caorr.

Mo TBuffer Caorr.

Mo TBuffer Caorr.

Mo TBuffer Corr.

Mo TBuffer Corr.

Mo TBuffer Caorr.

Mo TBuffer Caorr.

Mo TBuffer Caorr.

Mo TBuffer Corr.

Figure 4.3: Trace Properties Dialog

The Trace Properties dialog provides access to certain display settings of individual Traces and Buffers.

Extend: Extends the setting of the first Trace to all other Traces.

Trace 1...16, Buffer 1...4: Up to 16 Traces and 4 buffers can be individually modified.

Note: The amount of traces (default: 16) is defined in the Configuration (General pane).

31
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4.5. Display Menu

Show: Here, one can decide if a Trace shall be displayed (Show) in the Oscilloscope window or not.
Vectors: When option Vectors is checked then the markers are connected by lines.

Marker: Markers, such as

e Point

e Plus

Star
¢ Diamong
e Cross

® Square

can be used for plotting data points. This is particularly useful, if LockIn or FURA data are acquired.

Ref. Series Corr.: If Ref. Series Corr. is checked for a Trace, then the Reference Series is subtracted from that Trace.
A Reference Series can be defined by use of the Reference Series - Set item from the Replay menu. The
Ref. Series Corr. can be turned ‘On’ or "Off’ globally in the Display menu.

Center: If this option is set the traces get centered during acquisition. Therefore the left 10% of the first page are
brought to the center of the display.

Trace Buffer Corr.: If Trace Buffer Corr. is set to one of the four available Trace Buffers then the contents of the
chosen Buffer are subtracted from that Trace. This can be used for subtracting a control Trace from other Traces.
The Trace Buffer subtraction can be turned ‘On’ or ‘Off” globally in the Display menu.

Use Trace Scaling: With this option, the display scaling of a Trace Buffer can be coupled to the display scaling of
a certain Trace.

Repaint: Repaints the last displayed Sweep in the Oscilloscope with the new Trace Properties.

Done: Closes the Trace Properties dialog.

Note: Like other menu settings, the Trace Properties are stored in the POTMASTER configuration

file.
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4.6 Buffer Menu

POTMASTER offers four independent Trace Buffers for storing and processing of intermediate Trace data.

Buffer 1...Buffer 4: Select (make active) the buffer to work on.

Use Full Trace: If this option is selected the functions Add Trace, Subtract
Trace, and Accumulate Trace work on the complete Trace. If this option is
not selected the above mentioned functions work on the part of the Trace
which is displayed in the Oscilloscope window only.

Clear All: Clears all Buffers (Buffer 1...4).

Clear: Clears the selected Buffer.

Show: Shows the selected Buffer in the Oscilloscope.
Scale: Scales the selected Buffer with Scale and Offset.

Equation: Allows to perform a Buffer calculation based on an equation.
For details see chapter 21 on page 231 and chapter 21.2.2 on page 235.

Import: Imports data into a selected Buffer.

Please make sure that the key parameters Gain and Sampling Interval of
the imported data match the parameters of the Buffer. In case a Buffer is
filled with data for the first time, the parameters are retrieved from the
Trace currently selected in the Replay window.

You can import the following three formats:

e from ASCII file: Imports data which were saved as CSV
(=Comma-Separated Values).

¢ from Binary file: Imports data which were saved in the
IGOR binary format.

e from Igor Wave: Imports data which were saved in the
IGOR Wave format.

Export: Exports data from a selected Buffer. You have four possibilities:

¢ as ASCII file: Exports data in ASCII file format.
¢ as Binary file: Exports data in Binary file format.

* as Igor Wave: Exports data in Igor wave format.

¢ as Stimulus Template file: Exports data as a stimulus template file (see Using a Recorded Waveform

as Stimulus in the PATCHMASTER Tutorial).

v

Add Trace: Adds the Trace selected in the Replay window to the active Buffer.

Buffer1
Buffer 2
Buffer 3
Buffer 4

Use Full Trace

Clear All
Clear
Show
Scale

Equation

Import

Export

Add Trace
Subtract Trace

Accumulate Trace (0)

Deaccumulate Trace

With Marked Target and Children
Use
Add
Subtract
Accumulate

Deaccumulate

Replace Target Trace

Subtract Trace: Subtracts the Trace selected in the Replay window from the active Buffer (Trace).

Accumulate Trace: Accumulates the Trace selected in the Replay window to the active Buffer:

Buffer(n+1) = (Buffer(n) * n + Trace)/n+1

with n = number of Traces in the Buffer.

|S8]
(€8]
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4.7. Notebook Menu

Deaccumulate Trace: Deaccumulates the Trace selected in the Replay window from the active Buffer:

Buffer(n-1) = (Buffer(n) * n - Trace)/n-1
with n = number of Traces in the Buffer.

With Marked Target and Children: Multiple Traces can be marked in the Replay window and processed simul-
taneously.

¢ Use: Specify which Trace of the marked Sweeps should be processed.

e Add, Subtract, Accumulate, Deaccumulate: Work on all marked targets. For further explanations of the
functions refer to individual functions explained above (see chapter 4.4 on page 26).

Replace Target Trace: The Trace selected in the Replay window (target Trace) will be replaced with the active
Buffer.

4.6.1 Handling of Parameters by the Buffer

When a Buffer is filled with data for the first time (after a Clear command) all parameters of the target Trace
are transferred to the Buffer data structure. When adding further Traces to the Buffer these parameters are not
changed. It is assumed that all Traces that are added to the Buffer are of same type. When replacing a target Trace
with the data of a Buffer, data only are transferred. The parameters of the target Trace stay unchanged.

It is the responsibility of the user that the key parameters such as Gain and Sampling In-
terval are chosen adequately when adding importing data to a Buffer or processing different
Traces in a Buffer. Once a Trace is replaced by a Buffer, most parameters i.e. Zero Offset
or C-slow become meaningless.

4.7 Notebook Menu

The Notebook is used to display experiment information. The ASCII-table separator setting of the Replay menu
is used for the Notebook as well. This enables e.g. to transfer data directly to spread sheets requiring a TAB
separator, such as MS Excel, via "Cut and Paste". The options in the Notebook menu are:

Save: Saves the Notebook under its default name: "Notebook_Date". Save Ctrl+5
Save As...: Asks for a file name before saving. save As..

Merge...
Merge...: Merges a text file to the content of the Notebook. Print... Chrl+P
Print...: Output the content of the Notebook to a printer. v || Clear when Saved
Clear when Saved: Automatically clears the Notebook after the present content Clear Ctri+B
is saved to disk. Set Length... (20000)

Line Murnbers
Clear: Clears the Notebook.

Font Size...
Set Length...: Specifies the maximal number of text lines in the Notebook. The

. . S . ZoomIn Ctrl+K

maximal number of lines is given in parentheses.

Zoom Out Ctrl+L

Line Numbers: Shows line and column numbers when moving with the cursors
inside the Notebook.

Scientific Motation

Auto Store
Font Size...: Allows to select the font size of the Notebook text.

Zoom In: Shrinks the Notebook window to default (i.e. small) size.
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Zoom Out: Expands the Notebook window to full program screen size.

Scientific Notation: If set, the results of the Analysis are written to the Notebook in scientific notation (e.g., 1.23e-
12). The default is engineering format (e.g., 1.23p). The scientific notation is mostly used when the user wants to
copy results from the Notebook to a spread sheet program by copying to the clipboard.

Note: This setting also applies to the ASCII-export format entry in the Replay menu.

Auto Store: This option will automatically store the Notebook together with the data file ([data file
name] * . txt). Upon opening a data file, its Notebook file will automatically be loaded as well.

4.8 Protocols Menu

The Macros menu of older POTMASTER versions has been replaced by the new Protocols menu (since version
2x52). This drop-down menu can be used for the conversion of macro files from older POTMASTER versions to
protocols.

Append Macro File: Converts an existing macro file (» .mac) to a protocol and Append Macros File
appends this new protocol to the actually opened protocol file (« . pro). v Execute while Recording
Execute while Recording: If selected, every button you press during Execute Exampll
macro/protocol recording will be executed. If not selected, this option allows Execute Example2
recording a protocol without executing the buttons. Thus, during protocol record- Execute Link
ing, commands and values are recorded, listed in the Notebook, and then the pa- Execute Buffer
rameters are immediately set back to their previous value. Execute SETUP
Execute SEAL
Note: Macro/protocol recording can be started from the Protocol Editor Execute WHOLE-CELL
dialog (see chapter 11.1 on page 131). Execute 8
Execute 9
Execute: Executes the selected, user defined protocol. Alternatively, protocols can Beecute 10
be executed from: Beecute Ll
Execute 12

. . . . . . Execute 13
e the Control window, if the option Hide Protocol-Bar in the Control window e

. . E 14
is not activated on the Display tab (see chapter 5.6.3 on page 55). reeus

Execute 15
Execute 16
Execute 17
Execute 18
Execute 19
Execute 20
Execute 21
Execute 22
Execute 23
Execute 24
Execute 25
Execute 26
Execute 27

Execute 28
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4.9. PG 300 / PG 600 Menu

49 PG 300/PG 600 Menu

The PG 300/PG 600 menu contains some user specific settings which ~ PG340_USE Help
have effects on the data acquisition or on the replay of recorded data. | Evs. Reference
Ewvs.HE

Ews. OCP

The options E vs. Reference, E vs. HE, E vs. OCP, Use
Present Value, and Use Value in Data File are display options
for data which are originating from voltage input. In many cases these Use Present Value
options are needed for the display of recorded current potential curves. ' se Value in Data File
Please note that the effects of these options are only visible in the Analysis

window where you can use potential traces as x axis. Update Deley
Initialize PG340_USB

E vs Reference: The displayed cell potential is in accordance to the con- i
Calibrate PG340_USB

nected reference electrode. Using this option the recorded potentials are
not corrected against any constants and relate directly to the potentials ¥ Scale from/to EEPROM
measured between the reference and the working electrode. This is the Scale from/to Disk
default setting for data acquisition in combination with Use value in
data file. For data replay and potential corrections please chose the
optionsE vs. HEandE vs. OCP.

PG340_USB, Serial No 280314-N

Note: Please pay attention, that the connected reference electrode
has measured and stable potential. When the potential of your ref-
erence electrode is not stable during the experiments this shift will
affect the recorded potential data.

E vs HE: The displayed cell potential is in accordance to the potential of the normal hydrogen electrode (NHE).
The potential difference between the Normal Hydrogen Electrode and other reference electrodes is selected in
the window Zero potential. To relate recorded potentials versus a reference potential from the window Zero
potential please chose E vs. HE, activate the option Use present value and open the window Zero potential. In
this window you can select a reference potential or a user specific value. There are various options but the only
interesting field is the first blue panel beside Manual Input. Only here stands the value of the selected reference
potential which is applied for a correction of your recorded potential values! Click Done and select in the Replay
window your potential data.

E vs OCP: The displayed cell potential is in accordance to the measured Open  PG618_USB Help
Cell Potential (OCP).In corrosion experiments the OCP is sometimes called |« Eys. Reference
"Corrosion Potential" or "Polarisation Potential" and is used as Initial Poten- Evs. HE

tial for Tafel Analysis or linear polarization plots. When some potential data Evs. OCP
have been recorded with the option E vs. Reference, the potentials can
be related to a recorded Open Cell Potential (=OCP). Please open the window
Configuration and type an OCP value in the section I/0 Parameters. Open-

Use Present Value
" Use Value in Data File

ing the I/O Control window this value appears and can also be changed here. If Update Delay

no OCP has been determined, the OCP value is set to 0 V. v Stimulus Ranging

The following options are important for replaying recorded potentials, they Initialize PG618_USB
take no effect in the parameters E-initial and Charge of the Potentiostat win- Calibrate PG618_USB
dow. Calibrate EIS

Use Present Value: Replaying recorded traces are shown with the actual se- PG618_USB, Serial No n.a.

lected potential correction.

Use Value in Data File: Replaying recorded potential traces are shown with the recorded potential correction.
This is only visible if you have selected E vs. HE and 0 mV in the window Zero potential.

Update Delay: This option defines the refresh interval time of I-cell and E-cell depicted in the Monitor tab of the
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4.9. PG 300 / PG 600 Menu

Potentiostat window (see chapter 7 on page 71). The default value is 0.25 s.

Stimulus Ranging: If this option is activated, then the minimal required voltage range of the potentiostat is set
automatically when acquiring data via a Pulse Generator sequence.

Initialize PG300/PG600: This is used to restart the AD/DA interface; e.g., in case POTMASTER was started with
the interface being turned off.

Calibrate PG300/PG600: Calibrate the PG 300. Note that this may take several minutes. The calibration procedure
creates a new scale file.

EIS Calibration: Selecting this option start the calibration routine for EIS (Electrochemical Impedance Spec-
troscopy) measurements. The calibration of the impedance spectroscopy is done with help of the Protocol Editor
in a semi automatic way. In case of a multi-potentiostat each amplifier must be calibrated separately. First the
select the amplifier in the Amplifier window and then start the EIS Calibration process from the PG300/PG600
Menu. The following amplifiers will be calibrated in a fully automated way. The calibration resistors are built-in
to the amplifier and can be switched automatically:

PG 610 USB

PG 612 USB

PG 690 USB

PG 618 USB Amplifier 1

| The calibration process of those amplifiers takes several hours and should be run overnight.
n

In case a pre-amplifier is used (PG 611 USB and PG 618 USB Amplifier 2), then the model cell MC 61 EIS (Order
number: 895336) is required. After starting the calibration process you will be prompted connect the model cell
MC 61 EIS to the headstage of the amplifier. Each feedback gain range will be calibrated separately, and you will
be asked to switch the model cell to the appropriate resistor for each range.

This calibration process takes about 30 minutes per gain range. Before starting the calibra-
n tion of a gain range your interaction is required.

Follow the instructions of the software to finalize the calibration process.
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2

o || =] ER

[a]a] 3( Link

) 4 Buffer ) 5(_ SETUP ) 6(_ SEAL ) 7T(WHOLECEL) sEENERED| 8 [o]e]

1: REPEAT: Owner=EIS_Calibrate
2. REPEAT: Owner=EIS

E ElS: StartFreq= 25.000kHz, EndFreq= 100.0
4:  END_REPEAT
5. END_REPEAT

EEE

EIEIE

(LOAD J( MERGE ) SAVE | [ FIS Calibrate |
([ NEW [ COPY ]
( Record Macros ) ( MOVE [ DELETE )
{ Relative Value ) [ "Blocking” Protocol |
Events | 3of5 | InsertBefore | Insert After |
[ Duplicate ][ Delete ][ Move |
Running ...

click Continue.

‘ Continue |

Flease setthe Test Resistorto the 100 kOhm Position and then

Cancel

Write )

(_STEP J(TOEND [

Repeat Status | Repeat at line 2: 1 of 445

TR e |

Once the calibration process has finished, a lookup table is saved (e.g. PG618_USB_332355_1.EIS), and one can
now use the EIS Method in the Protocol Editor (see 12.2 on page 168). One calibration file (a text file with extension

*.EIS) is stored per amplifier and contains the calibration parameters for each frequency and each gain range.
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4.10. Help Menu

Serial No.: Displays the serial number (e.g. '560141") and board version (e.g.’E").

4.10 Help Menu

With the additional tools listed in the Help menu you can get more familiar with the

available functions of POTMASTER.

Show Tooltips
Show Keys

Hide Keys

List Keys

Save Keys

List All lterns

List All Macro Items

About PotMaster
Show Tooltips: When activated information about the button that is located under the
mouse tip is displayed.
E o | = =
[ nit T Tuning A{ SlF::ow .;II i = —E =
: :
L Lo mpAfier [ Monitor  {  Tuning [ ShowAll |
IE*‘:" I _ I IE*“;"I — I Amplfier1 Ampliier2
-ce 0.000 A -ce |
E-cell | | E-cell [ 0.000V |
(_CELL ) EINDEN m I-cell | | I-cell [0.000A |
“ Standby || Potentiostatic |
Lo - [ OCP-Set | (_OCP-Set |
| e m
reak + andby:
(Aémril Corresponds to the buttons Break 0.000 V 100 mA
ontl and Standby, thus stopping all
Band data acquisition immediately and Voltage Range +Jr 10V
Notct turning the cell to Standby mode. l-dc | 0.000A |[ Subtract] 0.000 A |
= 5 Break + Standhw |1 Antn Filtar 1
Stimulus Fitter LI Break + Standby:
Voltage Filter Max Ban¢ Corresponds to the buttons Break
5 and Standby, thus stopping all
Curr. Filter [ Bessel || 10.0kHz | Stim data acquisition immediately and
IRComp. [ _OF |[0.0000hm] Oulpeiiming the cellto Standby mode.
Extlnput [ Of |J(_ Reset ] IR-Comp. [ Off |[0.0000hm]}
|3 Electrode Mode |[ Auio 7ero ] [ 3FElectrode Mode | Reset |
[ Auto Range ) [ Auto Range )
n [_Off | Max [_Off | Rms[0.010V]  Min [_Off ] Max [_Off | Rms[0.010V]
[ Ampl mode switch: keep Ell-init | | Ampl mode switch: set Ellinit |
Show Keys: Displays the key commands with the corresponding buttons.
=1 Control Window EI@

| idle

|| 13:56:57 || 03:58:38 @][ Store ) [etrBhk ) [cieSlp ) feteNR ) fci-Wh ] [cte-Rlme )

Comment |

| Average

PGF

1L 2(ZRamp ] 33 htinuous) 42 THinf

Protocol [<]«] 1(_SETUP ] 2( SEAL | 3(WHOLECE) 4 IV

] 5(3Tails | 6 E EtSeries ]| [o]e]
)5 V2 ) ol 5 jolo]
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Hide Keys: Hides the key commands.
List Keys: Lists all keys to the Notebook window (see chapter 3 on page 13).

Save Keys: Saves the actual key command settings to the default key file. The old Potmaster.key file will be
saved with the extension * . kXX (X = consecutive index number).

List all Items: Lists all items and their values in the Notebook window.
List all Macro Items: Lists all macro items and their values in the Notebook window.

About POTMASTER: Displays the POTMASTER software version and contact information.
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5 Configuration Window

Settings like sources for external parameters, default values, display settings, colors, fonts, default files, ...can
be edited in the Configuration window. To access the Configuration window select the drop-down menu
Windows — Configuration. These and other settings can be stored in ».set files; by default this file is
Potmaster.set. By means of different . set files every user can define their individual program layout to
meet specific requirements.
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5.1 Individualize POTMASTER

7)) The name of a POTMASTER setting file can be used as a command line parameter upon starting the program.
That way, one can start POTMASTER with various configurations which is very useful when several users
work on one setup and have a need for different POTMASTER settings.

The procedure for an individualized POTMASTER starting procedure is as follows:

® Rename the . set file in your HEKA folder (e.g. "Potmaster_User.set").

Note: The term "User” is just a place holder for individual names.

Create a shortcut of Potmaster . exe on the desktop.

Rename the shortcut (e.g. "Potmaster_User").

Right-click on the shortcut: Properties - Shortcut - Target.

The following command line should be written in the "Target" field, including the inverted comas and empty
spaces:

"C:\Program Files (x86)\HEKA\Potmaster\Potmaster.exe" "C:\Program Files
(x86) \HEKA\Potmaster\Potmaster_User.set".

PatchMaster 2x91 Properties d
Security Details Previous Versions
General Shorteut Compatibility

PatchMaster 2¢31

Target type: Application

Target location: PatchMaster

Target: |-IEKA'-2:< 51"PatchMaster\PatchMaster_lser.set” |

Start in: |"C:'-.Program Files e36)\HEKA 231 '-.PatchMastE||

Shortcut key: |None |

Run: Mormal window ~
Comment: | |
Open File Location Change lcon... Advanced...

Cancel Aoy

Note: Please be aware that your installation path of your POTMASTER may vary on your PC.
The "Patchmaster” definition on the screenshot corresponds to POTMASTER or CHARTMASTER,
respectively.
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5.2. Save

5.2 Save

[ save ][ SAVEAS.. | [Default Windows | [ Default Settings |

SAVE: Saves the configuration file with its current name.
SAVE AS...: Saves the configuration file under a new name.

Default Windows: Resets the position of most windows. This helps to restore the windows position once one
gets dragged off screen (for example after reducing the screen resolution).

Default Settings: Sets all settings back to the original settings. Note that this needs a restart of the program!

Note: There is no Load option because POTMASTER has to be restarted upon substantial changes
of the settings. Thus, in order to use another setting, quit POTMASTER and restart. Before you
do so, make certain that there is no Potmaster. set file available. In this case, upon start-up,
POTMASTER will prompt you to select a new setup file (this can have any name).

5.3 General

@ Configuration: C:\Program Files (x86)\HEKA\2x9T\Patc...\PatchMaster @
[ save ][ SAVEAS.. | [Default Windows | [ Default Settings |

_ Hardware j Files 1 Display ] I/O Control ] Trace Assign ] Misc. 1

Max. Shown Traces 16

Max. Shown Values 16

Max. Sample Points 500000

Max.Stim.Traces x Points [ 5 | 2000000

Spectrum Buffer Size 1024 O Log Compression

Min. Wait Time
Batch Communication | Disable | E Logging

User Name [Usemame |

5.3.1 Max Shown Traces and Values

Max. Shown Traces: This number defines how many Traces are used by Max. Shown Traces 16
POTMASTER. The user interface is adapted to show only the defined number |Max. Shown Values 16
of Traces. A small number makes the dialogs and lists within POTMASTER shorter. The new setting only takes
effect after saving the configuration file and upon restarting the program. When using the Probe Selector it may
be necessary to increase Max. Shown Traces.

Max. Shown Values: This number defines how many values are used by POTMASTER. The user interface is
adapted to show only the defined number of values. A small number makes the dialogs and lists within POT-
MASTER shorter. The new setting only takes effect after saving the configuration file and upon restarting the
program.

5.3.2 Memory Allocation
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Max. Sample Points: Sets the maximum number of points that can be ac- Max. Sample Paints 500000
quired in one Trace (see chapter 10.8 on page 104). This parameter is limited | Max.Stim.Traces x Points| 5 | 2000000
by the amount of available memory.

Max. Stim. Traces x Points: Maximum number of stimulation Traces and their respective number of points. This
parameter is limited by the amount of available memory.

Note: In case you want to drive the number of Max. Sample Points to its limit you might reduce
the number of Max. Stim. Traces to make more memory available for allocating sample points.

Spectrum Buffer Size: Maximum number of samples used for spectrum analysis calculation (Fast Fourier Trans-
formation). If more data points were acquired than defined an average of the FFT calculation will be performed.

e 1024

4096

16384

65536

262144

Note: It is recommended to adapt the number of Spectrum Buffer Size in respect to the sampling
frequency/sample interval and the frequency of interest of your power spectrum.

Log Compression: In a power spectrum analysis (FFT calculation) one gets an expontential increase of data points
with increasing frequencies. To balance that unequal distribution the Log Compression can be used. Here, the
logarithmic frequencies are divided into equal sized bins and for each bin the average value is calculated. This
allows a smooth representation of the power spectrum in the analysis.

5.3.3 Minimum Wait Time

Min. Wait Time: Sets the time POTMASTER reserves to wait for the correct Min. Wait Time
time to start when executing individual repeat loops such as acquisition of a
Series of Sweeps or an Repeat loop in the Protocol Editor.

For example, to ensure an Acquire Each Sweep repeat loop keeping the same repeat time as set by the Duration in
the Repeat event, the program will wait Min. Wait Time before executing the next acquisition to hit the scheduled
starting time of the next Sweep as exactly as possible.

Note: In case you are observing incorrect and unstable repeat times, please try to increase the
Min. Wait Time.

This parameter can also be set via the Acquire Properties event in the Protocol Editor.

5.3.4 Batch Communication

Batch Communication: The Batch Com- | Batch Communication | Disable | ® Logging
munication with other applications can
be disabled or enabled (see Controlling PATCHMASTER in the PATCHMASTER Tutorial).

¢ Disable: If this option is checked, the Batch Communication is turned off.
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* Enable as Receiver: POTMASTER is configured to serve as Receiver and will wait for command inputs of
other applications.

* Enable as Sender: POTMASTER is configured to serve as Sender, thereby controlling another program, e.g.
FITMASTER.

¢ Synchronize Files: With this option the Sender application will send the "FileOpened" message, when a
x.dat file, » . pgf file, ».pro file or .onl file is opened, and the "FileUpdated" message, when the data
file is updated. The "FileClosed" message is send, when the data file is closed. The Receiver will then open,
update, or close the same data file as the Sender application.

¢ Polling: In the Polling mode, the master application polls the slave application for commands. The slave
then answers to the query and appends all pending commands, i.e., it no longer sends commands indepen-
dently. In doing so, commands do no longer get lost, if heavy bi-directional communication is ongoing.

Logging: If the checkbox is activated the communication via the Batch Communication interface is written to the
Notebook.

Connections: Specify the number of connections to other software instances which can communicate via batch
communication.

5.3.5 User Name

User Name: A user name that is entered here will be stored with the raw data.

5.4 Hardware

45 POTMASTER e June 2023 ¢ www.heka.com



5.4. Hardware

5.4.1 Amplifier and Digitizer Selection

Amplifier: POTMASTER supports the following amplifiers: PG600 USB Amplifier
LIH 8+8
use
POTMASTER supports the following potentiostats/galvanostats: E DAJAD: Demo Mode

¢ PG 600 USB Amplifier: A PG 610/690 USB, PG 611 USB PG 612

«  PGEOD USE Amplifi
USB or PG 618 USB amplifier. mplirer

PG300 USE Amplifier

PG300 Amplifier
e PG 300 USB Amplifier: A PG 310/390 USB, PG 390 USB or PGADD Remote
PG 340 USB amplifier.

e PG 330 USB Amplifier: A PG 330 USB amplifier.

PG400 Local
e PG 300 Amplifier: A PG 310, PG 390 or PG 340 amplifier. PG285 Amplifier
* PG 400 Remote: A PG 400 or PG 500 amplifier (PG 410, PG 490, PG284 Amplifier

PG 510 or PG 590) is connected with the data acquisition interface
LIH 1600 (by three BNC cables at Monitor Output Voltage and
Current, External Input). The serial communication port of the po-
tentiostat is connected with a serial port of the computer. In this
case the amplifier settings are controlled by the software.

Telegraphing Amplifier

* PG 400 Local: A PG 400 or PG 500 amplifier (PG 410, PG 490, PG 510 or PG 590) is connected only with
the data acquisition interface LIH 1600 and the serial communication port of the potentiostat is connected
with a serial port of the computer. In this case the amplifier settings must be done by the knobs on the front

panel of the potentiostat. POTMASTER monitors gain, amplifier modes and filter settings.

e PG 285 Amplifier: To connect any analog potentiostat with the data acquisition interface LIH 1600 with
3 BNC cables (Voltage Output, Current Output and External Input). All amplifier settings must be done

manually and must be selected manually also in POTMASTER.

¢ PG 284 Amplifier: To connect any analog potentiostat with the data acquisition interface LTH 1600 with
3 BNC cables (Voltage Output, Current Output and External Input). All amplifier settings must be done

manually and must be selected manually also in POTMASTER.

¢ Telegraphing Amplifier: For connection of an amplifier with telegraphing capabilities.

Digitizer Selection: Select the appropriate AD/DA-converter, if it is not automatically assigned via the amplifier

selection.

POTMASTER supports the following AD/DA-converters:

TC-16
* ITC-16 mc-18
. ITC-18 LIH 1600

v LH8:8

e LIH 1600 / ITC-1600

e LIH 848

Board Type: Select the used Board Type. There are two options:
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PCI
PCI
PCI
~ LUSB

e 1...3 PCI: Additional set-up information, if there is more than one possible card slot to
connect to the digitizer.

e USB: InstruTech’s USB-16 or USB-18 adapters allow for connecting an ITC-16, EPC 9, ITC- use
18 to the computer via an USB 2.0 port. In case, such an adapter is used, it should be use
enabled here.

Demo Mode: The functionality of POTMASTER is restricted in the Demo Mode. You can only read your own data
files or read and analyze the demo data files.

Ifa Telegraphing Amplifier is used, the Gain and/or Bandwidth settings for the amplifier are read from an
AD-channel and encoded by means of a Lookup Table. Upon selection of this amplifier type, the user must specify
the AD-channel for the Current Gain and Bandwidth and load the appropriate Gain and Bandwidth tables. Both
settings are made in the I/0 Parameter section (see chapter 5.7 on page 56).

Lookup Tables can be created easily as they are ASCII files with a simple structure with a series of text lines each
containing:

Voltage | Gain (mV/pA)
or
Voltage | Bandwidth (Hz)

The voltage is the threshold above which the following Gain or Bandwidth setting applies. The voltage values
are scanned beginning with the first value. Thus, voltages must be in descending order! The voltage thresholds for
discrimination between adjacent settings should be halfway between the nominal telegraph voltages.

Note: The DacLookup file in the LookupTables folder (inside the PoTMa s TER folder) depicts
exemplary how to create your own lookup table.

5.4.2 Output and Input Channels

The following settings define the default output and input channels (see chapter

Stim. Scale 1.000
10 on page 99). E-initial Out Stim-out
E-Initial Out: Assigns the output DA-channel of the stimulus. Current In I-mon

Voltage In E-mon

Stim. Scale: Scaling factor of the stimulus signal in voltage clamp mode. The
voltage amplitude that is set in the PGF sequence is divided by this factor before
output to the DA channel.

Current In: Assigns the input AD channel for the current Trace. This input channel is scaled by the Current Gain
(see chapter 5.7.2 on page 59).

Voltage In: Assigns the input AD for the voltage Trace.

5.4.3 LockIn

Here, the LockIn amplifier of POTMASTER can be activated. For a detailed description see chapter Software
LockIn Extension, 24 onpage 249, and the PATCHMASTER Tutorial "Capacitance Measurements using
the LockIn Extension".
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5.4.4 Spectroscopy

Here, the Spectroscopy Extension of POTMASTER can be activated. For a detailed description see chapter
Spectroscopy, 25 on page 261, and the PATCHMASTER Tutorial "Using the Spectroscopy Extension".

5.4.5 SmartLUX
Here, the Imaging Extension (SMARTLUX) of POTMASTER can be activated. Depending on the fluorescence

excitation light source or wavelength switcher you have installed in your setup, you can choose between different
kinds of Imaging Extensions:

e TILL Photonics/Cairn OptoScan: “TILL Photonics” or “Cairn OptoScan”, '« off

can be controlled via an analog output of the amplifier or any AD/DA con- TILL Photonics / Cairn OptoScan
verter supported by POTMASTER. The exposure of the camera should then DG-4/ DG-5
be triggered via a digital output channel. Lambda-10

pti DeltaRAM

¢ DG-4/DG-5: The “DG-4/DG-5" can be controlled via the digital output of
the Erc 10, ITC-16 or ITC-18. The exposure of the camera should then be
triggered via an analog output channel.

no device

e Lamba-10: The “Sutter filter wheel Lambda-10" can be controlled via the
digital output of the EPC 10, ITC-16 or ITC-18. The exposure of the camera should then be triggered via an
analog output channel.

¢ pti DeltaRAM: The “High-Speed Random-Wavelength Illuminator” can be controlled via the digital output
of the EPC 10, ITC-16 or ITC-18. The exposure of the camera should then be triggered via a digital output
channel.

¢ no device: No light source control.

For details on the Imaging Extension aka “SMARTLUX” please refer to the SMARTLUX manual.

5.4.6 DoculUX

Enable DocuLUX features for POTMASTER here. Please be aware, that you need to buy the DocuLUX bundle (order
number: 895286 or 895287) first.

5.4.7 Photometry

This will activate stimulation of a monochromator and acquisition via a photo-multiplier or photo diode.

You can choose four kinds of Photometry Extensions:

¢ TILL Photonics/Cairn OptoScan: “TILL Photonics” or “Cairn OptoScan”,

v Off
can be controlled via an analog output of the amplifier or any AD/DA con- TILL Photonics / Cairn OptoScan
verter supported by POTMASTER. DG-4/ DG-5
¢ DG-4/DG-5: The “DG-4/DG-5" can be controlled via the digital output of Lambda-10
the EPC 10, ITC-16 or ITC-18. pti DeltaRAM

e Lamba-10: The “Sutter filter wheel Lambda-10" can be controlled via the
digital output of the EPc 10, ITC-16 or ITC-18.
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¢ pti DeltaRAM: The “High-Speed Random-Wavelength Illuminator” can be controlled via the digital output

of the Epc 10, ITC-16 or ITC-18.

For details on the Photometry Extension please refer to the chapter Photometry, 22 on page 237.

5.4.8 ElProScan

The E1ProScan Extension can only be used with additional hardware. Further, our ELPROSCAN customers
will get a special hardware configuration file. If you activate the extension without having the configuration file
you will get an error message indicating that the EIProScan Hardware file is missing.

After the activation of the E1ProScan Extension two additional windows will pop up:

ElProScan: Scan EI\EI
Scan Mode | Tip Down I[ Start scan ][ Stop ][ Go back ]
Measure Mode  Current Height [um] Samples [pm/Sample]
[ imon1 [ 000A [ foo00 J[ for J[ 0100 |
2nd Trace
3rd Trace Speed [pm/s] Stop Level
[ 10000 [ in% |[_100% | y
-
[ EIProScan: Motors = || l=d
XX[um]  YY[pm] ZZ[pm] Piezo [pm]
Positon | 000 | 000 | 000 | 000 |
[MoveRelJ[ 000 | 000 ] 000 ] 000 |(R) _Relax Piezo ]
Limit 1 -0.0 0.0 -0.0 | Single up |
Limit 2 50000.0 | -50000.0 | 40000.0 .
Single down
{ SetOrigin ) { Move to Origin )
STOP

Further, there is an additional menu entry in POTMASTER named E1ProScan:
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EIProScan
Settings
Motors
Scan
Constant Distance Modes

Position

Deconvolution
Export 3D Scan (Igor)
Export Matrix Scan (Igor)

Reset EIProScan Board
Calibrate Motor Axes
Write Hardware Info to Notebook
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The functions and options of the new windows and the new menu are explained in detail in our ELPROSCAN
manual.

5.4.9 Serial Out

This control is used to open and set up the serial port communication mode. If a so-called Serial Communication
has been established between the computer and another device, POTMASTER can send strings over a serial port,
but it will not receive instructions.

The options for the serial communication are:

e Off: No connected device.

e Comm 1...4: Any device that can receive strings through the serial port. Up to 4 ports can be defined and
triggered.

When opening a serial communication, POTMASTER will allow you to configure the serial device. Make sure that
the settings match on both communicating machines.

e Serial Port: No Port, Comm 1...Comm 8. Serial Port Configuration
e Baud Rate: 300, 600, 1200, 1800, 2400, 3600, 4800, 7200, 9600, 19200, = ~enal Part S
57600, 115200, 128000 or 256000 bps. Baud Rate i
Stop Bit Stop 1.0
e Stop Bit: 1.0, 1.5 or 2.0. Parity Mo Parity
. . . . Data Bit Data 8
e Parity: No Parity, Even Parity or Odd Parity. KOmIOE —
e Data Bit: 5,6, 7 or 8 data bits. Ris/Cts Off
[ Edit Start String ] [ Open ]
e XOn/XOff: On or Off. (] To Notebook
e Rts/Cts: On or Off. [ Get Defaults | [ Undo |

[ Cancel ] [ Dane ]

To change all settings or leave the dialog, do one of the following:

¢ Edit Start String: Allows to enter a specific start string.
The Start String (Initialization String) is send once after opening
the COM port.

* Open: Opens the configured port (icon text changes to "Close")

¢ To Notebook: Commands sent and received are written to the Notebook.
¢ Get Defaults: Sets the default settings given in POTMASTER.

¢ Undo: Cancels all changes without closing the dialog.

¢ Cancel: Cancels all changes and closes the dialog.

¢ Done: Saves all changes and closes the dialog.

If a serial out is active then command strings can be entered and sent via the I/O Control window (see chapter 16
on page 213). There is also a Serial Out event available in the Protocol Editor, 11.4.3.2 on page 143.

POTMASTER e June 2023 ¢ www.heka.com 50



5.5. Files

5.5 Files

In this section, the user has to specify the paths for several files. POTMASTER will use these paths when saving or
retrieving files.

Configuration: C:\Program Files (x86)\HEKA\2x90\PotMaster\PotMaster 23]

[ save ][ SAVEAS.. | [Default Windows | [ Default Settings |

|/ General ] Hardware ( Files 1 Display 1 I/O Control 1 Trace Assign ] Misc. 1
Home Path [C:\Program Files (x86\HEKA\2x90\PotMaster\ ]
Data File [C:‘\F’mgram Files (x86)\HEKA\2x90'\Data\NoMName dat ]
Protocol File [C:\Prugram Files (86 \HEKA\2x90\PotMaster\DefProtPot.pro ]
PGF Poaol File [C:\F’rugram Files (xB6)\HEKA2x90\PotMaster\DefPgfPot. pgf ]
Analysis File [C:\Prugram Files (86 \HEKA\2x90\PotMaster\DefAnalPot_onl ]
Solution Base [ ]
Equations File [ Iic)
Batch Path | I(c)
" dia" Path | Iic)
Temp. Path [ ]
-gain Lookup [ )

B Save Settings File [E Verify Quit

B Askfor Data File [ Save after Break

B Make Bundle Files O Solution Base

E Auto Filename [USER]_[DATEZ2]_[001]
Startup Protocol

Experiment Number 1

Max. File Size Alert 500. MB

To rename a path, click on the button and set a new path.

Home Path: Sets the path to the folder LookupTables and to the key assignment file (Potmaster.key). Itisalso
the path where the default files DefPgf_v9.pgf, DefAnal.onl and DefProt .pro are searched automatically
as long as no configuration file was saved.

The path to the Configuration file is shown in the title of the Configuration window. This path can be changed
by saving the Configuration under another path using the SAVE... AS function.

Data File: Sets the path to the data file (file extension: « . dat).

Protocol File: Sets the path to the protocol files (file extension: x.pro).

PGF Pool File: Sets the path to the Pulse Generator file (file extension: x.pgf).
Analysis File: Sets the path to the Analysis file (file extension: « . on1).

Solution Base: Sets the path to the solution data base files (file extension: . sol).

Equations File: Sets the path to the equation file, which can contain equation formulas. This path can be cleared
by use of the @ button.

Batch Path: Path for batch file control protocols, e.g., E9BatchIn and E9BatchOut. This path can be cleared
by use of the @ button. For further information we refer to the PATCHMASTER Tutorial: "Controlling
PATCHMASTER"

Dialog Files: Sets the path to the dialog files, in which button placements of the different windows can be stored
in case they should deviate from the default. This path can be cleared by use of the & button.

Temp. Path: Optionally a path different from the home path can be specified for storing temporary data. This
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path can be cleared by use of the @ button.

I-gain Lookup: Path to the Current Gain Lookup Table if selected in the configuration (see chapter 5.7.2 on
page 59). Only necessary for telegraphing amplifiers.

5.5.1 General Advice on Naming Folders and Files

Here is some advice to keep in mind when naming folders and files:

* The use of invisible characters and spaces is not recommended (a blank in a file name is very often over-
looked).

* Names should not begin with a number, because some other applications, e.g., Igor, do not allow names
with a number as the first character (exported Igor waves inherit characters of the data file).

* POTMASTER only shows the first 14 letters of the file name in the title of the Oscilloscope window.

* The first few letters of a name are the more important ones, because they ease file selection with the file
selector. The file selector continuously selects the files while the user types.

¢ Experiment data should not be stored within the HEKA software folder. This will ease upgrading the soft-
ware without moving the data.

5.5.2 Miscellaneous Settings

Save Settings File: The Configuration set- B Save Settings File [ Verify Quit
tings will be saved automatically on exit, thus ® Ask for Data File O Save after Break

overwriting the previous settings. & Make Bundle Files O Solution Base
) ) ) O Auto Filename
Ask for Data File: When this option is en- Startup Protocol

abled, POTMASTER will ask for a data file Experiment Number 1
upon start-up. Max. File Size Alert 500. MB

Make Bundle Files: When this option is se-
lected, all files generated for a data set (e.g. the raw data x.dat, .pgf, *.pul,..) are combined into one
x .dat file.

Verify Quit: When this option is enabled, POTMASTER will ask to save modified setting files («.pgf, *.pro,
» .onl) when you quit the program. When it is not enabled, the Configuration settings will not be saved on quit!

Save after Break: When this option is enabled, POTMASTER will save the data in a Sweep that have been acquired
when the acquisition was terminated via the Break button. With this option disabled the entire Sweep will be
discarded if during its acquisition the Break button was pressed.

Solution Base: The Solution Base is activated by default, therefore the default solution base
(DefSolutionBase.sol)is loaded (see chapter 18 on page 221).

Auto Filename: Allows an automatic file name generation. The file names can be generated out of a set of special
components.

* [DATE=<descriptor>] = descriptor compounded by "YYYY" or "YY", "MMM" or "MM", and "DD". Charac-
ters separating the blocks are copied to the name, e.g. [DATE=DD-MMM-YYYY] = 31-Dec-2015
* [DATE] or [DATE1] = DD-MMM-YYYY (e.g. "31-DEC-2015")

¢ [DATE2] = YYYY-MM-DD, international custom data format, directly sorts according to dates e.g. "2015-12-
31"
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¢ [DATE3] = YYYYMMDD, analog to [DATE2], but without hyphens e.g. "20151231"

[DATE4] = YYMMDD, e.g. "151231"

[TIME] or [TIME1] = HH-MM-SS (e.g. "24-59-59"")

[TIME2] = HHMMSS, analog to [TIME1], but without hyphens (e.g. "245959")

[USERxx| = username, "xx" is a number giving the maximal number of characters. No "xx" means maximal
allowed characters, presently 32

[000] = an incrementing counter, each digit being a placeholder. The given number is the starting value of
the counter. The counter will increment until a unique filename is created

e [NAME] = a placeholder for the data file name

"on

The components are composed to a file name by the insertion of an underscore

A typical entry could look like: HERG_[DATE]_[001] = "HERG_31-Dec-2015_001.dat"

Do not use the following characters:

"nonn

* path separators: "/","\", ":" (unacceptable)

"non

* extension separator: "." (unacceptable)

* blank: " " (compatibility problems, danger of oversight)

Startup Protocol: Here, you can enter the name of a protocol that is executed after the end of program initialization
(i.e. after the configuration file is loaded, the amplifier initialized and the other settings activated). E.g., this allows
for additional settings like the immediate activation of the second amplifier of an EPC 10 Double at start-up.

Experiment Number: This number can be used to identify experiments. It is automatically incremented when a
new Experiment is generated with File — New Experiment.

Max. File Size Alert: This feature will not limit the size of any file written to disk, but can be used as a reminder
so that no files are created that e.g., do not fit onto a CD. A warning is written to the Notebook if the size of the
raw data file exceeds this value. Entering a very large number will - in practice - suppress any warnings.

The maximum file size is limited to 2 GB. If you exceed this number during data acquisition you
have to consider data loss.
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5.6 Display

5.6.1 Fonts and Colors

Fonts / Button Colors / Line Colors:

Colors and text fonts for the program layout can be

selected here. These are global settings for all window dialogs and they are installed upon restart of POTMASTER.
The colors and fonts are stored in the configuration file (« . set), i.e., they are independent of the dialog files (see
chapter 2 on page 5).

Note: If dialog files are present, they will overwrite the Configuration settings.
Note: You can make the background colors of the windows dark (useful when doing light-sensitive

experiments) by selecting the option Button Colors. In this case, you may also have to change the
color of lines, like the Trace Colors, for example, using the option Line Colors.

5.6.2 Notebook, Display, and Analysis

Wipe at Start: If this option is activated the Analysis and Oscilloscope win-
dows will be wiped before data acquisition.

Digits:

¢ Notebook: Numbers of digits for data display in the Notebook window (range 3 - 24).

e Time: Numbers of digits for the Time and Timer function in the Oscilloscope window (range 8 — 11). The
maximal number is 11, this results in "hh:mm:ss:ms".
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Grid Digits X|Y: Number of digits to be shown in grid annotation of the Oscilloscope and the stimulation template
preview of the Pulse Generator (range 6 — 10).

Graph 3D dX|dY: Allows to specify the horizontal and vertical offset of subsequent Sweeps to be displayed in the
3D graphing mode (range 0.001 — 1.000). You can also enter 0 for one or both. Note that the 3D-Graph feature has
to be on for this option to take effect (see chapter 4.5 on page 29).

5.6.3 Show Options

The appearance of some windows can be configured using the following ' O Hide PGF-Bar in Contral Window
options: O Hide Protocol-Bar in Contral Window

| Show no Fixed Control Protocols |

Hide PGF-Bar in Control Window: The complete PGF pool in the Control
window can be hidden.

| Show no Amplifier Protocols |

O Show Leak Pulses in PGF Editor

& Hide Charge Controls

& Hide Current Density Controls

& Hide PG611/PGE18 Compensation Cor

Hide Protocol-Bar in Control Window: The complete protocol pool in the
Control window can be hidden.

Show Fixed Control Protocols: In case the user does not want to scroll
through the protocol pool, a specified number of protocols (0, 7, 15, 23, 31
or 39) can be shown as buttons in the Control window.

Show Amplifier Protocols: Protocols can be started via a button click from the Amplifier window. Here, the user
can specify how many protocol buttons (0, 4, 8, 12, 16, 20 or 24) should be created in the Amplifier window. To see
the new protocol buttons you have to enlarge the Amplifier window by activating the Show All tab.

Note: When using Amplifier Protocols please be aware of some restrictions (see chapter 11.3 on
page 133).

Show Leak Pulses in PGF Editor: Enables the leak pulse settings in the PGF Editor.
Hide Charge Controls: Disables the anodic charge and cathodic charge controls in the Potentiostat window.

Hide Current Density Controls: Disables the I-Initial(Density) and I-Range(Density) controls in the Potentiostat
window.

Hide PG611/PG618 Compensation Controls: Disables the compensation options in the Potentiostat window if
the PG 611 or PG 618 is used.

1
6)]
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5.7 1/0O Control

Selected options in this section of the Configuration window will appear in the /O Control window (see chapter
16 on page 213) and can be edited there.

Parameters such as e.g. Temperature, Gain, R-series, are used to customize the recording environment of a given
experimental setup.

The checkbox on the left determines whether the parameter is displayed (and updated) in the /O Control window.

For each I/O parameter you have to enter a default value and a source.

=

K Configuration: PotMaster.set @
[ savE ][ SAVEAS.. | [%efault Windows | [ Default Settings |
f General 1 Hardware T Files 1 Display f 110 Control ] Trace Assign ] Misc. 1
I/0O Parameter Default § Sourceg
LY list ® Show Digital In
O Current Gain 100.0 mAN  |PG300_USH F Show Digital Out
O scale |__AD-0 1.000 Default | scale ] & Show DA Contrals
[ DA-D 1.000 & Show AD Values

01 [User 1 V] o000V Default e

O [User 2 v 0.000 WV Default | Show 4 Values I

O |User 3 v 0.000V Default

D[Userd _ JV] 0000V | Defaut [Name of Value-1 ] Value-1

O[User 5 v 0.000 WV Default

O [User & V 0.000V Default

O [User 7 v 0.000 WV Default

O |User 8 v 0.000V Default

O[User 9 v 0.000V Default

O[User 10 v 0.000V Default

O Temperature 20.00C Default

O Curr. Bandwidth | 10.01 kHz  [PG300_USH

& OCP 0.000V Default

O Electrode Area 1.000 cm2 Default

O Show Solution

Default: The default values can be edited in this column.

Source: In this row one can determine how the value is obtained. For most of the parameters there are three
alternatives:

® Default: The specified default value is taken.

¢ PG300 USB: Parameters are obtained directly from the given PG 300 USB amplifier, or PG 600 if using a PG
600 USB amplifier.

¢ AD-Channels: Parameters are sampled via a specified AD-channel.

: Pressing this button writes all scaling and offset values for the I/O parameter in the Notebook window.
Use this feature for getting a quick overview on the scaling of all your AD- and DA-channels.
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5.7.1 AD/DA Input/Output Scaling

In the I/O Control pane of the Configuration window you can define the scaling methods for the DA- and AD-
channels. Please note that the I/O Control window always displays the raw (unscaled) voltage values of the
channels. The scaling of DA- and AD-channels can be used for stimulus output and for data acquisition via the
Pulse Generator.

In case of an AD-channel you can choose between a Scaling Factor and a Lookup table:

L

Ise Scaling factors or Lookup takhle?

For direct input of scaling factors, enter a Scale Factor and a Scale Offset:

Scale Factar |1.UUUUUD

Scale Offset IU.UDUUUD

carcs_|

Example: A temperature controller has a measure range from 10 °C to 50 °C and a corresponding voltage output
range of +/- 10 V. The correlation between measured temperature and voltage output is linear (see figure below).

60 °C -
50 °C A
40 °C A

Scale Factor

|

y =2x+ 30

Scale Offset

~
e T 1

-10 -5 0 5 10
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In this example, Scaling Factor should be set to "2" and Scale Offset should be set to "30". If the correlation between
measured signal and voltage output is not linear then a Lookup table should be used. For input via a Lookup
table, you have to choose the file from which the program will read the data.

E Select existing Adc-0 Lookup Table:

~| . < Lokaler Datentrdger (C:) » Programme (x86) » HEKA » PotMaster » LookupTables -

LookupTables durchsuchen

Organisieren * Meuer Ordner

»

X Favoriten % Name Anderungsdatum Typ Grife

Bl Desktop || Adchcale 09.12.2010 10:45 Datei 1KB
4 Downloads || BandwidthTable 0912.2010 10:45 Datei 1KB
"2l RecentPlaces || Daclookup 09.12.2010 10:45 Datei 1KB
|| IGainTable 09.12.2010 10:45 Datei 1KE

m

- Bibliotheken
@ Documents
Jz' Music L
[E5] Pictures
=l Subversion

E Videos

18 Computer
£ Lokaler Datentrager (C:)
e Wechseldatentrager (E:)
5# transfer (\iserver2\public) (0:)

& Proaramme N\server?) (P:) S

Dateiname: | | Al Files () -

[ Offnen |v] [ Abbrechen l

In case of a DA-channel you have in addition the the possibility to apply a scaling based on an equation. The
equation has to be entered here in the Control window, whereas the scaling has to be activated in the Pulse
Generator (see chapter 10.10.1 on page 115).

| Secale Dac output using: |

Equation Loakup | Secaling |

The options Lookup and Scaling work similar to the methods described for the AD-channel scaling. In case you
choose Equation the following dialog appears:

Scaling Equation of Dac-0:

Results:
|ampl2+0.5 | 25000 |
Equation |User Defined I | Select Equation | [Save Equation]

((LoaD ) [ sAavE | Cancel Done

In the command field an equation can be entered, the calculated result is displayed in the Results field beneath.
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S : A label for the equation can be entered in this field.

: Already saved equations can be selected in this pop-up menu.
: After defining a name for the entered equation it can be saved. After doing this the formula is

available in the pop-up menu of Select Equation.

Note: The new equations is saved in a default Equations. txt. file. If you want to change the
file or the file name for your equations you have to this via the Save button.

: Prints a help text on the equation syntax to the Notebook.

: Brings up a file selector to open an equation file.
: Defines the place and the name of the file in which your equations are stored.

For a detailed description on the equation syntax please refer to the chapter Calculator and Equations, 21
on page 231.

As was mentioned earlier, Lookup tables for commonly used amplifiers are supplied. If your amplifier is not one
of those provided, a Lookup Table can be created as an ASCII file.

Note: Have a look for our video tutorial "Using Telegraphing Inputs” to learn how to create your
own Lookup table.

Note: It takes CPU time to read AD-channels and to convert the data to the desired values. In
order to minimize handling overhead, only activate those parameter fields that are actually used.

5.7.2 List of I/O Parameters

list
O Current Gain 100.0 mA/N  |PG300_USH
O scale [ AD-0 | 1.000 Default scale
[ DA-D 1.000 scale
O[User 1 |V 0.000 V Default
O[User 2 ' 0.000 V Default
O [User 3 |V 0.000 V Default
O [User 4 jv] oooov Default
O[User & ' 0.000 V Default
O[User 6 |V 0.000 V Default
O[User 7 ' 0.000 V Default
[ [User 8 |V 0.000 V Default
O[User 9 jv] oooov Default
O[User 10 |V 0.000 V Default
O Temperature 20.00C Default
O Curr. Bandwidth 10.01 kHz PG300_USH
E OCP 0.000 v Default
O Electrode Area 1.000 cm2 Default

O Show Solution

scale:
e AD-Channel: If data Traces from AD-channels are acquired in a PGF sequence, the voltages can be scaled to

convert them to appropriate units. For scaling you can use a fixed value or Lookup tables (see chapter 5.7.1
on page 57).
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¢ DA-Channel: Free DA output channels that can be used for stimulation during a PGF sequence can be scaled
with a factor entered in the Value field.

User 1, 2: There are two parameter fields reserved for user-specific assignments. These fields act like other
parameter fields with the addition that parameter name and unit can be specified (e.g., "pH" and "U"). Name
and unit are also stored in the output «.pul file on the level of each Sweep, so they can be changed during an
experiment, if required.

Temperature: Temperature (from a recording device).
Curr. Bandwidth: Recording bandwidth.

OCP: If selected this setting displays the specified or actually measured Open Cell Potential in the I/0
Control window.

Electrode Area: If selected, this setting displays the specified electroactive area of the working electrode in the
I/0 Control window. The value must be in cm? (!). This value is used to calculate the current densities.

Show Solutions: If the checkbox is active you can enter/change the number of the external and internal solutions
in the I/O Control window.

5.7.3 Show Digital In / Out

Show Digital In: If the checkbox is deselected the Digital Inputs in the I/O Con- & Show Digital In

trol window will be hidden. ® Show Digital Out
B Show DA Controls

Show Digital Out: If the checkbox is deselected the Digital Outputs in the I/O | E Show AD Values

Control window will be hidden. 01234567
Show DA Controls: If the checkbox is deselected the drag-able DA-channel __Showd Values |
fields in the I/O Control window will be hidden. [ Name of Value-1 [Value-1

Show AD Values: If the checkbox is deselected the AD-channel display fields in
the 1/0O Control window will be hidden.

Show AD Channels: Via these checkboxes the user can deactivate any AD Value field in the /O Control window.

Show Values: You can specify how many values (4, 8, 12, 16, 20, 24, 28 or 32) should be listed in the I/O Control
window.

Name of Value: A user defined name can be specified for each value (right text field) in order to make the
parameter input and output more meaningful. A list of all value names pops up if you select the left box.
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5.8 Trace Assign

Configuration: C:\Program Files (x86)\HEKA\PotMaster\PotMaster @
[ save ][ SAVEAS.. | [Default Windows | [ Default Settings |

[ General ] Hardware j Files 1 Display ] I/O Control [ Trace Assign Misc.

Trace-1 Trace Count Trace 1
Trace-2 Trace Count Trace 2
Trace-3 Trace Count Trace 3
Trace-4 Trace Count Trace 4
Trace-5 Trace Count Trace 5
Trace-6 Trace Count Trace 6
Trace-T Trace Count Trace 7
Trace-8 Trace Count Trace 8
Trace-9 Trace Count Trace 9
Trace-10 Trace Count Trace 10
Trace-11 Trace Count Trace 11
Trace-12 Trace Count Trace 12
Trace-13 Trace Count Trace 13
Trace-14 Trace Count Trace 14
Trace-15 Trace Count Trace 15
Trace-16 Trace Count Trace 16

[ Undo ) [ Reset ]

The Trace Assignment function is very useful if your number of input and output channels of a PGF is increasing.
This function allows you a defined labeling of each acquired Trace. E.g. if you define acquisition channels for
current, voltage, ADC input, LockIn and Leak, they get labeled according to their origin, i.e. Imon-1, Vmon-1,
Adc-0, Adc-1, LockIn_CM, LockIn_GM, LockIn_GS and Leak-8, instead of simple Trace counts (e.g. Trace 1...8).
It is also possible to assign several Traces with the same input signal, so you can define e.g. three times Imon-1
but the compression rate for each channel can be set differently. The benefit comes with the consistent labeling of
these Traces within POTMASTER (e.g. Analysis, Trace Properties, Oscilloscope etc.) which helps the user to keep
the overview of the data.

In the Trace Assign dialog it is possible by default to assign labels for up to 16 Traces (Trace 1...16). If you
increase the number of Max. Shown Traces in the General tab of the Configuration window this number will also
increase.

For each Trace Assignment you have to select the type of channel:

Trace Count: Define a Trace number for the selected Trace: B Tiace Count

Amplifier
e Tracel...32 AD-Channel
Leak
Amplifier: Define a current or voltage monitor for Digital
the selected Trace: Virtual
Lockin
e Imon Spectroscopy
Photometry

.
Emon Imaging (SmartLUX)

EIProScan
AD-Channel: Define an AD-channel for the selected Trace:

S.W.Voltammetry
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e Adc-0...2
e Mux
e Adc-8...15

Leak: Define a leak channel for the selected Trace:
® Leak-1...32
Digital: Define a digital channel for the selected Trace:

* Dig-in(word)

* Dig-in0...15
Virtual: Define a virtual channel for the selected Trace:
e Virtual-1...32
LockIn: Define a LockIn channel for the selected Trace. The following channels are available:

e LockIn_CM

e LockIn_GM

e LockIn_GS

e LockIn_Real(Y)
* LockIn_Imag(Y)
e LockIn_DC

* LockIn_Avg

e LockIn_CV

e LockIn_GP

e LockIn_Admit(Y)
e [ockIn_Phase
e LockIn_Real(Z)
* LockIn_Imag(Z)

e LockIn_IMP|Z|

Spectroscopy: Define a spectroscopy channel for the selected Trace. The following channels are available:

Chirp_Avg

Chirp_Phase

Chirp_Admit(Y)

Chirp_Real(Y)
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* Chirp_Imag(Y)
e Chirp_Real(Z)
* Chirp_Imag(Z)

e Chirp_Imp|Z|
Photometry: Define a photometry channel for the selected Trace. The following channels are available:

e Photo W1

e Photo W2

* Photo_W3

e Photo R

e Photo_Ca
Imaging(SmartLUX): Define an imaging channel for the selected Trace. The following set of channels is available
for six times:

¢ Image W1

¢ Image W2

¢ Image W3

¢ Image R

¢ Image Ca

ElProScan: Define an ELPROSCAN channel for the selected Trace. The following channels are available:

SF-ampl

SF-phase
* z_pos

* z slope

S.W.Voltammetry: Define a square wave voltammetry channel for the selected Trace. The following channels are
available:

e [-forward
o [-reverse
o [-diff
e F-mean
: The last change will be reset.

: Resets all Trace assignments to the default value.
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5.9 Miscellaneous

Analysis: Sweeps | Results: The Analysis needs to allocate memory for storage of its results. The Analysis Result
buffer is a 2-dimensional buffer (table).

* Analysis: Sweeps: Maximum Analysis results per Analysis function (default = 1024)
* Analysis: Results: Maximum Analysis functions (default = 36)
For example if you use the Analysis for chart like recording during your experiment. The experiment lasts for
about 10 minutes and you analyze one set of Analysis: Results per second then the online buffer has space for 600
Analysis: Sweeps.
Note: The Analysis buffer is cleared after each Wipe.

In case you select more Analysis functions in your Analysis Method than specified here, then all
results exceeding this number will not be computed, hence not displayed!

Analysis Mode: Handling of Analysis: Sweeps | Results:
¢ Fixed: The number of Analysis: Sweeps | Results given above is fixed, i.e. limited to that number. For long

chart like recordings and many Analysis results the number of Sweeps and results might have to be set to
such high values that available memory become a problem.
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¢ Extend: The number of Analysis: Sweeps | Results given above will be extended, if more data are acquired.
With this mode selected the system might run into trouble when no further free memory is available.

Analysis | Max.Swp.Redraw: Defines the maximum number of Sweeps which can be displayed in an Analysis
window.

Replay Scroll Rate: Defines the time interval when scrolling through the Replay tree.

Analysis: Compress Vectors: If this checkbox is selected, the data of the Analysis results get compressed to
increase the drawing speed of the graphs in the Analysis Windows.

Analysis: Include Headers: If this checkbox is selected, the column headers of the Analysis results written into
the Notebook is displayed. If you deactivate the checkbox the headers will not be shown.

Analysis: Write Sweep Index: If this checkbox is active, the sweep index for each Sweep is printed into the
Notebook and exported.

Clear Comment: Clears the Comment field in the Control window after the Comment is stored with the data.
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6 Oscilloscope Window

E DemoPotData / CV-FastScan2 EI@
1 6 210f 21 [ Measure )( Scan J[Freeze J{ Wipe ) [ Repaint ]
S OTOOSU SOSSSOOOY PSSO USSR FER Over Swp

Trace 2
Dig. Filter

Y-scaldR)
8.00
-offs

<

Auto Swp
Auto Ser
-] Start Time
0.0 %
End
100.0 %
Page

[

£

| X 200ms Y 400 pA Y 400 mV L N

The Oscilloscope window is mainly used for monitoring the data. The Traces of a Sweep are displayed versus the
time. Controls for display scaling and data handling are provided. The title of the window contains the currently
active data file name.

6.1 Display

Zooming — Lassoing: It is possible to set the display scaling in the Oscilloscope window by "lassoing" a screen
region while pressing the left mouse button. When you release the mouse button, the marked area will be set to
fill the Oscilloscope screen. The scaling has to be done for each Trace separately.

If you want to display data that is outside the active screen area, you can either enter some values into Y-scale or
Start/End Time or drag the mouse outside the active screen area. The display gains gets reduced by 20% as long
as the mouse is outside, and stops when it moves back on the active display area. When the mouse is below or
above the screen, the Y-scale is changed, and when the mouse is to the left or right of the screen, the X-scale is
changed.

Cursor shapes: To accommodate different user preferences there are multiple cursor shapes available. Press the
CTRL key while the "cross" cursor is displayed and you can cycle through all available cursor shapes.
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6.2 Navigation

Gr_Se_Sw(Tr) of Sw
[1_1.6(2)0f12 | [ Measure |[ Scan | [Freeze |[ Wipe |[ Repaint |

T Total Number of Sweeps
Actual Trace

Actual Sweep
Actual Series
Actual Group

Group_Series_Sweep of Sweep: Currently active Group, Series and Sweep number within the data tree. The
total number of Sweeps per Series is given after "of". The numbers are updated with every start of a new Sweep
acquisition. During data replay these information are replaced by the information of the replayed data. Note that
this can interfere with the above mentioned updating process if data are replayed in the wait time between data
acquisition cycles.

6.3 Measurements on Traces

: Allows to measure amplitudes and duration. With this option the user can measure the displayed data
by pointing and dragging the mouse or by clicking on and GJ 0. Two mouse-driven horizontal lines are
provided to measure signal differences. By clicking on the button (TeNeiebookD), the measurement data is written to
the Notebook window.

: Allows to measure signal amplitudes by scanning the individual data points. When selected, a marker
is displayed on the Trace. This marker can be moved forward and backward by dragging with the mouse or
by clicking on and &2). By clicking on the button (Telsiebeok]) the measurement data are written to the
Notebook window.

Note: The functions "Measure” and "Scan” work on the selected Trace in the Replay window.
If anything other than a Trace is selected in the Replay window, then the functions work on the
Trace that is selected in the Oscilloscope window (right panel).

6.4 Display Refreshing

: Freezes the present content of the Oscilloscope. Any change in display parameters, such as scaling etc.
will unfreeze the display again, as does a Wipe or switching to the Amplifier window.

: Clears the Oscilloscope completely.

: Clears the Oscilloscope first, then redraws the last displayed Trace. This is useful e.g., if you had the
Overlay Sweep option activated, but then decided that you only want to see the last Sweep of the Series.

6.5 Overlay Options

: Displays all Sweeps of a Series without erasing the screen in between Sweeps. The next Series, however,
will erase the screen.

: Displays all incoming Sweeps without erasing the screen. This allows Sweeps of different Series to be
computed. The screen can be wiped by pressing BACKSPACE.
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6.6 Display Scaling

Trace Color: Displays the color of the selected Trace.

Iman-1
Trace 1...16 (default): Selects the Trace to which the scaling setting applies. The color of the selected  Dig. Filter
Trace is displayed above the Trace control.

b

Y-scal

1.02
Note: When using the Trace Assignment function (see chapter 5.8 on page 61) the names Vo

of the Traces may be different.

!HI

Auto Swp
Dig. Filter: Shows the currently selected bandwidth of a digital non-lagging Gaussian low-pass filter ~[Auto Ser

(i.e. software filter). The -3dB cutoff frequency is specified in Hertz. This allows to reduce the original  Start Time
bandwidth by the factor 0.0025 (1/400). It is for display purposes only; no changes to the data are |_0.0%

End
rformed.
pertorme 100.0

Y-scale: For each Trace you can control the display scaling. The value of 1 corresponds to full scale Page
of = 10.24 V. This scaling does not affect the display of Test Pulses. Pressing + from the numeric
keypad (take care not to have NUMLOCK activated!) increases the display scaling by a factor of 2 and
- decreases it by a factor of 2. It is also possible to auto-adjust (Auto Y-scale) or fix the Y-scale (Fixed
Y-scale) of the Oscilloscope. The reset button [® sets the Y-scale to "1". For further information we
refer to chapter 4.5 on page 29.

N
EEeE

Note: This display scaling does not affect the display of the Test Pulse Current Trace. If you want
to be able to scale the Test Pulse as well, activate the option Scale Test Pulse in the Configuration
window and use I-scale in the Amplifier dialog. We advise against activating that option because
one can easily overlook that the amplifier Gain is not correctly set, when the current Trace is scaled
by the display scaling.

R: Resets the Y-scale to the default values.

Y-offs.: For each Trace you can control the offset of the zero line. Offsets of Traces may be between -1 and 1 relative
to full scale of display (default = 0). SHIFT + and SHIFT - (from the numeric keypad) increase and decrease the
display offset by 0.1.

£9:  Clicking on the Center button automatically centers the active Trace on the screen. When pressing the
SHIFT key together with this button all Traces will be centered.

Auto Swp: Pressing the Auto Swp button calculates the maximum Y-scaling factors (Y-scale, Y-offs.) to display
the selected Trace of a Sweep as large as possible in the Oscilloscope. The basis for the calculation are the Y-min
and Y-max values of the selected Trace of the Sweep (see chapter 14.1.5 on page 202).

Auto Ser: Pressing the Auto Ser button calculates the maximum Y-scaling factors (Y-scale, Y-offs.) to display the
selected Traces of a Series as large as possible in the Oscilloscope. The basis for the calculation are the Y-min and
Y-max values of the Sweep Traces of the Series (see chapter 14.1.5 on page 202).

Start Time / End: Section of the Sweep to be shown on the screen in % (Start - End).
R: The Reset button sets the full Sweep length (0 to 100 %).

Note: The full time scale provided for Sweep display is based on the longest Sweep within a
Series. Alternatively, one can use the Fixed Scale option (see below).

Page: Page of display during replay of continuous data Sweeps or when time axis is chosen to be less than 100%.
Clicking on the right/left arrow control will display the next/previous page of the current Sweep. Dragging the
page number scrolls the data forward or backward; entering a page number will display that particular page.
Page is highlighted whenever there is more than one page available.

R: The Reset button sets the page number to "1.0".
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7 Potentiostat Window

PG310_USB = <=
[ Monitor | Tuning [ ShowAl |
m
Eullzlwl

“ S — e
Lol 1A [ Monitor i [ Show All ]_

Tunin
[ Break + Standby | Autn Filter E-cell |I| I-f:ell
Amplifier Mode | _Potentiostatic | Standby | Testi |[ oeseD)
ooty ouer [ 100 kHz | “
Motch Filters Off 0.000Vv 100 mA
Stimulus Fitter Voltage Range 10V
Voltage Filter ax ||| Hde [ 0.000A |[Subtract] 0.000 A

Curr. Fiter [ Bessel |[ 00 | || (Break + Standby ) @EEYIYEIEN
Control Amplifier
[ Of |[0.0000hm]|| Bandwidth 30 kHz

IR-Comp.

Ext.nput [ OF |( Reset || Stimulus Filier
|__3 Elecirode Mode |[_Auto Zero || Output Filter
{ Auto Range ] IR-Comp. [ Off |][0000Ohm]
Min |_Off | Max |_Off | Rms[0.010V] || [ 3 Elecrode Mode |[ Reset |
|___Ampl_mode switch: set E/linit ||| [ Auto Range ]
| E-inifial range +/- 10V }{| Min [ _Off | Max [ Off | Rms[0.010V],

The Potentiostat window is used for controlling, adjusting and displaying the amplifier settings. The window
might differ depending on the type of amplifier you are controlling with POTMASTER. We will describe the
window of the PG 310 USB and PG 610 USB in most detail and focus to special details only when describing the
windows of other amplifiers.

7.1 Controlling the PG 310/390 USB - Main Functions

The PG310 USB Potentiostat window is used for controlling, adjusting and displaying the Potentio-
stat/Galvanostat operating modes.

The Potentiostat window has three different Panes (Monitor, Tuning, and Show All) to allow switching between
the display of different sets of controls.

7.1.1 Monitor

On the Monitor pane the most important parameters and controls of the potentiostat are shown.
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PG310_USB ===

_f Monitor | Tuning | Show All ]

E-cell : I-cell

Current Range
0.000V 1A

Mode Selection: Via these buttons the connection of the Potentio- CELL Y d [ OCPiSet)
stat/Galvanostat to the cell can be controlled.

® Cell: Connects all the electrodes to the respective inputs of the Potentiostat/Galvanostat. In the potentio-
static mode the cell potential is controlled by the PG 310 USB, and the current flowing through the cell is dis-
played as I-cell. In the galvanostatic mode the current flow through the cell is controlled by the PG 310 USB,
and the respective cell potential is shown in the E-cell display.

¢ Standby: In the Standby mode all the connections are switched off, and the potential can neither be read
nor set.

* OCP: In the OCP (Open Cell Potential) mode the counter-electrode is disconnected. The cell is in the zero
current state, and the open cell potential is exhibited in the E-cell display. The small Set insert button is used
to set the initial potential value to the actual OCP.

Note: It is also possible to switch to the Standby mode by pressing the ‘0" key of the numeric
keypad.

OCP-Set: The button OCP-Set is used to set the Initial Potential value to the actual Open Cell Potential. A new
Open Cell Potential can be measured in the OCP Mode and is stored internally upon pressing the OCP-Set button.

E-cell: Cell potential monitor. The cell potential is displayed in relation to the chosen Zero Potential (E-zero).
I-cell: Direct current monitor. The current flowing through the cell is displayed.

E-initial/I-initial: Sets the desired initial value of the cell potential in the potentiostatic mode or the cell current in
the galvanostatic mode. The range is +/-10 V and can be set by dragging the mouse or entering via the keyboard.

¢ Dragging with the mouse will change the potential in 1 mV steps.
¢ Pressing <— and — changes E-initial in steps of 10 mV.

¢ Pressing Option «+ / — (MacOS) or Ctrl < / — (Windows) will change E-initial in 1 mV steps.

In the galvanostatic mode, the item will display the I-initial(Initial current). The current is calculated by multi-
plying the current density and the electrode area, which can be specified either in the Configuration or Parameter
window. It is also possible to set I-initial (Density) instead of I-initial. In the potentiostatic mode, the I-initial
(Density) field is not activated.

Current Range: Sets the scaling of the current monitor output (I-cell). The ranges are 1A to 2 A incremented by
decades.

To set the Current Range, click with the mouse on the Current Range field and selecting the desired range in the
pop-up window by tagging.

If the high gain pre-amplifier is connected to the PG 310 USB, the current ranges from 100 pA to 100 nA are
selectable. The Auto Range mode is also available (see below).

If the HIGH CURRENT BOOSTER, HCB 50 is connected, the 50 A range is selectable.
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If there is a saturation of amplifiers in the current monitor circuitry, a blinking box labeled "Clip" on the Current
Range button is displayed. This is a warning that excess artifacts or noise may occur as a result of the saturation
of amplifiers.

Note: The option I-Range (Density) is only available if you deactivate Hide Current Density in
the Configuration window (see chapter 5.6.3 on page 55).

7.1.2 Tuning

Shows additionally the settings of Filters and Amplifier Mode.

= PGI10_USE ===
Monitor Tuning Show All
EEETERR STANDBY m

E-cell [ |lcell |

Current Range
0.000V 1A

( Break + Standby ][ Auto Filter
Amplifier Mode | Potentiostatic |

Control Amplifier

Bandwidth M =
Notch Filters
Stimulus Filter

Voltage Filter Max
Curr. Filter | Bessel || 100kHz |

Break+Standby: Corresponds to the buttons Break and Standby, thus stopping all data acquisition immediately
and turning the cell to Standby mode.

Auto Filter: The Auto Filter function automatically adjusts the Stimulus Filter, Voltage Filter and the Current
Filter in relation to the set Sample Interval and Filter Factor of your PGF.

Amplifier Mode: Allows a selection between potentiostatic and galvanostatic mode.

7.1.3 Filter Settings

: . ; ; Control Amplifier
Notch Filter: The PG 310 USB provides a notch filter for both t.he voltage Bandwidth
and the current pathway. The notch frequency (50 Hz or 60 Hz) is preset at  yoich Fiftars
the fact.ory as desire'd by t'he c1'15tomer, and cannot be set by the user. I.f the ou e Filter
notch filter is ‘On’, incoming signals at the power supply frequency will be Voltage Filter Vo

effectively filtered out.
y Curr. Filter | Bessel |[ 10.0kHz |

Control Amplifier Bandwidth, Stimulus Filter, Voltage Filter, Current Filter: These filters can be set either
manually or automatically (The Notch Filter has to be switched manually by the user in any case).

For automatic filter mode, please activate the Auto Filter option in the Configuration window. The automatic
settings dependence is that way:

¢ The automatic settings of the Control Amplifier Bandwidth, the Voltage Filter, and the Current Filter depend
on the user defined Sample Interval and Filter Factor in the Pulse Generator (Free waveform) window.
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* The automatic setting of the Stimulus Filter depends on the Sample Interval.

If the Auto Filter mode is selected, the filter settings are unable for manual settings and displayed with grayish
numbers.

Note: If you are using an electrochemical cell with a high capacity and low Ohmic drop, a problem
may arise with the automatic setting of the Stimulus Filter. In combination with a high frequency
Stimulus Filter a pulse-like stimulus may cause oscillations at the potential steps with the use of
such cells. In this case, try to select the manual filter mode and reduce the frequency of the Stimulus
Filter. The other three filter settings proposed in the Auto Filter mode can be left unchanged.

Control Amplifier Bandwidth: The potential control amplifier can be filtered to avoid oscillations of the control
circuit. Eight of the nine possible settings of the bandwidth (plus Max) are available:

10 Hz - 100 Hz - 300 Hz - 1 kHz - 3 kHz - 10 kHz - 30 kHz - 100 kHz - 300 kHz - Max

The possible settings depend on the Potentiostat version:

¢ If you are using a PG 310/390 with a "A’ or ‘B’ labeled serial number, the low frequency bandwidth of 10 Hz
will not be available.

e If you are using a PG 310/390 with a 'C’ or ‘D’ labeled serial number, the high frequency bandwidth of
300 kHz will not be available.

Note: A transient problem may arise if the potential change is very fast in combination with a
low bandwidth setting. There will be a rise time lag in the cell potential with respect to the given
potential pulse. The time constant as the inverse of the bandwidth defines the shortest time domain
over which the cell will accept a significant perturbation.

Stimulus Filter: The stimulus can be filtered (2-pole Bessel) to reduce the amplitude of fast capacitance transients
when the speed of potential changes is not critical. The following settings are available:

PG 310 USB: Bypass, 10 kHz - 7 kHz - 5 kHz - 3 kHz - 2 kHz - 1 kHz

Note: In a ramp segment the stimulus change is step-like rather than line-like. The number of steps
needed for representing the ramp is defined by the quotient of the segment length and the Sample
Interval (see also chapter Pulse Generator, 10.6 on page 102). To improve the smoothness
of the stimulus change, these steps are filtered to yield exponential, which reach about 63 percent
of the step height during a term of one time constant. Hence, a filtered stimulus will become a
chain of exponential, which exhibits a phase shift relative to the unfiltered stimulus. For instance, if
you choose a filter time constant equal to the sample interval, the filtered stimulus will be a nearly
smooth line with a phase shift of about 90 percent of the step length (i.e. of the Sample Interval).

Voltage Filter: The voltage output (U-cell monitor) can be filtered by a 3-pole Bessel filter to reduce high frequency
noise. The bandwidth can be set in four steps:

10 Hz - 100 Hz - 1000 Hz - Max

With the selection of Max no filtering is active and all frequencies are allowed to pass the AD channel.

Current Filter: Controls a switchable analog Bessel/Butterworth filter (4-pole) in the current monitor pathway.
The menu provides the following settings:
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e Bessel
e Butterworth

* Bypass (e.g., no filter active)

Dragging the mouse or entry on the keyboard allows bandwidth fine adjustment from 0.1-16 kHz in 0.1 kHz steps
(Bessel) or 0.1 - 25.5 kHz (Butterworth). They differ in the following way:

* The Bessel setting is the best characteristic for general use. As such it is always used in automatic mode.

* The Butterworth response rolls off more rapidly with frequency and is useful mainly for power spectral
analysis.

Under most conditions a 10 kHz bandwidth is more than ample, and the filtering reduces the high-frequency
noise substantially.

Note: In automatic mode always the Bessel filter is used.

7.1.4 Show All

Shows all controls.

L= PG310_USB

5 [ ]

[ Monitor | Tuning | ShowAll |

CELL ) EIENDEY m
Ecell [ |lcel

Current Range
0.000V 1A

( Break + Standby | Auto Filter
Amplifier Mode | Polentiostatic |
Somsl g
Motch Filters Off
Stimulus Filter
Voltage Filter
Curr. Fiter | Bessel || 100kHz |
IR-Comp. [ Off ][0.0000Ohm|
Extlnpput [ Of |[ Reset )
[ 3 Electrode Mode |[ Auto Zero )

[ Auto Range ]
Min [ Off | Max [ Off | Rms[0.010V]

Ampl. mode switch: set E/l-init

E-initial range +/- 10V

)

IR-Comp.: The series resistance compensation corrects for the voltage drop between the reference and working
electrodes under conditions of high access resistance or high current flow between counter- and working
electrode. In the 4 Electrode Mode the serial resistance between both reference electrodes is corrected. The
compensation is based on the value of R-series, which can be changed by dragging the mouse or entering on the
keyboard (range: 0 to 1 M) and will be effective only when IR-Comp is 'On’ (see also PG310/390 manual, IR
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Compensation).

Ext. Input: The External Input (front panel of the PG 310/390) is scaled by a selectable factor (range: 0.1x
and 1x), to allow for different external stimulators. It is strongly recommended to set Ext. Input to ‘Off’ (i.e., equal
to zero), if no external stimulator is connected to Ext. Input. This will prevent pick-up of external noise.

Note: The E-Initial (the initial potential) is not affected by changing the external scale factor. The
scaling will only affect the initial potential, if the user sets the initial potential externally (e.g., with
a stimulator or another computer).

Reset: Selecting this button will reset the PG 310/390 to its initial default configuration. Reset is very useful for
defining the initial state of the PG 310/390. It will reset the DA channels to zero. E-Initial (the initial potential)
will be unchanged by resetting the PG 310/390.

Electrode Mode: Two separate cell setups are supported by the PG 310/390:

e 3 Electrode Mode
e 4 Electrode Mode

The 3 Electrode Mode consists of a working, a counter and a reference electrode. In this mode the second reference
electrode input (Reference II) on the front panel of the PG 310/390 is short-circuited to the working electrode, so
that the potentiostat controls the voltage between the working and reference electrodes. This commonly used
mode is the default setting.

The 4 Electrode Mode provides two distinct reference electrodes (Reference I and Reference II on the front panel
of PG 310/390), between which the potentiostat controls the voltage.

Auto Range: Before starting the acquisition or if the potentiostat is set to Cell, POTMASTER can adjust the current
range to higher or lower ranges if the flowing current is out of bounds.

Specifies the lower threshold of current within the given current range in percentages of full range. If the current
reaches the Min percentage of the actual current range, the next lower current range is selected and the current
resolution increases. The minimum value for Min is 1%, the maximum value for Max is 100%.

Specifies the upper threshold of current within the given current range in percentages of full range. If the current
reaches the Max percentage of the actual current range, the amplifier switches to the next higher current range.
The current resolution decreases. The values for Max range between 1% and 100%.

Note: Auto Range is also possible with the extended current ranges of the external preamplifier
and the High Current Booster.

The desired thresholds of current within a given current range are defined in the Min / Max boxes in percentages
of full range. For instance, a Max setting with 90% will force POTMASTER to switch to the next higher current
range if the current exceeds 90% of the actual range.

Ampl. Mode switch: set E/I-init: This feature ensures that by switching the amplifier mode between potentio-
static and galvanostatic, no current or voltage leap will occur. Thus, in the potentiostatic mode the actual current is
measured and applied to the cell after the amplifier mode is switched to galvanostatic. This is the default setting.
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If the function Ampl. Mode switch: keep E/I-init is chosen, current or voltage leaps may occur and
affect the electrochemical processes at the working electrode.

E-initial range: Via this drop-down menu you define the voltage range (working range) of your potentio-
stat/galvanostat. When reducing the voltage range the resolution of your signal gets better.

The following options are available:

o £10V
o 5V

o 2V

Amplifier Protocols: If you activate the option Show Amplifier Protocol in the Configuration window (Dis-
play tab) a defined number of Protocol buttons appear in the Potentiostat window (see 5.6.3 on page 55). In this
example we show 4 so-called Amplifier Protocols. Use the Assign button to assign a specific protocol to the
button.

7.1.5 Charge Controls

i Hide Charge Controls
# Hide Current Density Controls

Two more fields for anodic and cathodic charge will be shown in the potentiostat window under I-cell displays
(see upper red box in the screenshot below). The anodic and cathodic charge will be displayed continuously until
the Charge Reset (see lower red box) is pressed. If pressed, the charge will be zeroed, and the charge measurement
will then continue.

[ pG310_USB [ ]
Maonitor Tuning Show All
(STANDBY) [ OCP(Set)]
E-cell | 0.000V | I-cell |0.000 pA |

anodic OOD C | cathod. DDD C |

charge charge

0

0.000V 1 A

Break + Standby ] Charge I_Qeset |
% Auto Filter

Amplifier Mode ~ [_Potentiostatic |

Control Amplifier

Bandwidth 100 kHz

Notch Filters
Stimulus Filter

Voltage Filter Max
Curr. Filter | Bessel || 10.0kHz |
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7.1.6 Current Density Control

In case you want to address the current readings as density rather then raw current values, you can activate the
"Current Density Controls".

The Current Density Control items can be activated by unchecking the option "Hide Current Density Controls"
on the pane "Display” of the POTMASTER Configuration window.

B Hide Charge Controls
B Hide Current Density Controls

The fields I-initial (Density) and I-Range (Density) will be added below the standard Initial and Current Range
controls. The I-Range (Density) corresponds to the selected Current Range and is scaled in accordance to the
Electrode Area, which is shown below.

[E pe310_UsB o[- (3]
Maonitor Tuning Show All
CELL [STANDBY] [ OCP(Set))

E-cell | 0.000V |Il-cell | 0.000 pA

E-initial Current Range

0000V

linitial (Density) I-Range {Density)
0.00 A 1.00 pA'

[ Break + Standby | [ Auto Filter
[Electrode Area 1.00 cm2
Amplifier Mode | Potentiostatic |

Control Amplifier
Bandwidth 100 kHz

Notch Filters
Stimulus Filter
Voltage Filter Max

Curr. Filter | Bessel || 100kHz |

The Current Range is calculated by multiplying the I-range (Density) and the Electrode area. Alternatively, the
user can choose the range of I-Range (Density) instead of the Current Range. The unit of the I-Range (Density) is
labeled with a prime, e.g., "A’.

In the galvanostatic mode, the item will display the I-initial (Initial current). The current is calculated by multi-
plying the Current Density and the Electrode Area. It is also possible to set I-initial (Density) instead of I-initial.
In the potentiostatic mode, the I-initial (Density) field is not activated.

Electrode Area: Showing the Electrode Area can be activated by checking its box on the pane "I/O Control"
of the POTMASTER Configuration window. Here you can enter the size of the electrode area. The entered value
influences the I-Range Density.

Note: This option is only available if Hide Current Density Controls in the Configuration is
deactivated (see chapter 5.6.3 on page 55).

Note: When entering an electrode area larger than "1 cm®” you need to clear that value with your
current size defined in the PGF sequence. E.g. if you want to inject 100 mA current and your
electrode area is "3 cm?” you need to enter "300 mA” in the PGF sequence.
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7.2 Controlling the PG 610/690 USB - Main Functions

The PG610 USB Potentiostat window is used for controlling, adjusting and displaying the Potentio-
stat/Galvanostat operating modes.

The Potentiostat window has three different Panes (Monitor, Tuning, and Show All) to allow switching between
the display of different sets of controls.

7.2.1 Monitor

On the Monitor pane the most important parameters and controls of the potentiostat are shown.

[E pes10_UsB ===

[ Monitor | Tuning | ShowAIl

E-CE'||| ||.ce|| | 0.000 A |
| Standby | Lastmit | OCP-Set )

Current Range
0.000V 100 mA

E-cell: Cell potential monitor. The cell potential is displayed in relation to the chosen Zero Potential (E-zero).

I-cell: Direct current monitor. The current flowing through the cell is displayed.

Mode Selection: A drop down menu allows to select the operation mode.

* StandBy: All electrodes are disconnected and the potential can neither be read nor set.

* OCP: The counter-electrode is disconnected and the cell is in the zero current state. The potential between
working electrode and reference electrode is measured and shown as open cell potential in the E-Cell display.

¢ Potentiostatic: Connects all the electrodes to the respective inputs of the PG 610 USB. In the potentio-
static mode the cell potential is controlled by the PG 610 USB, and the current flowing through the cell is
displayed as I-Cell.

* Galvanostatic: Connects all the electrodes to the respective inputs of the PG 610 USB. In the galvanostatic
mode the current flow through the cell is controlled by the PG 610 USB, and the respective cell potential is
shown in the E-Cell display.

Note: It is also possible to switch to the Standby mode by pressing the ‘0" key of the numeric keypad.

OCP-Set: The button OCP-Set is used to set the Initial Potential value to the actual Open Cell Potential. A new
Open Cell Potential can be measured in the OCP Mode and is stored internally upon pressing the OCP-Set button.

Mode Switching Behavior: In the field to the right of the OCP-Set button you find a selection for the mode
switching behavior. You can choose between:

* Last Init: When switching between potentiostatic and galvanostatic mode, the amplifier will use as Initial
value (E-Init or I-Init) the value that was set previously in the respective mode.

* Set Zero: When switching between potentiostatic and galvanostatic mode, the amplifier will use zero cur-
rent or voltage as initial value in the new mode.
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¢ Gentle Switch: When switching from potentiostatic to galvanostatic mode, the system reads the actual
current monitor signal and uses this current as initial current (I-Init). When switching from galvanostatic
to potentiostatic mode, the system reads the actual voltage monitor signal and uses this voltage as initial
potential (E-Init).

E-initial/I-initial: Sets the desired initial value of the cell potential in the potentiostatic mode or the cell current in
the galvanostatic mode. The range is +/-10 V and can be set by dragging the mouse or entering via the keyboard.

* Dragging with the mouse will change the potential in 1 mV steps.
¢ Pressing < and — changes E-initial in steps of 10 mV.

e Pressing Option < / — (MacOS) or Ctrl < / — (Windows) will change E-initial in 1 mV steps.

In the galvanostatic mode, the item will display the I-initial(Initial current). The current is calculated by multi-
plying the current density and the electrode area, which can be specified either in the Configuration or Parameter
window. It is also possible to set I-initial (Density) instead of I-initial. In the potentiostatic mode, the I-initial
(Density) field is not activated.

Current Range: Sets the gain of the current measuring path. The ranges span 20nA to 100mA. To set the current
range, click with the mouse on the Current Range button and selecting the desired range in the pop-up window

by tagging.
If the High Current Booster HCB 50 is connected, the 50 A range is selectable.

If there is a saturation of amplifiers in the current monitor circuitry, a blinking box labelled Clip on the Current
Range button is displayed. This is a warning that excess artifacts or noise may occur as a result of the saturation
of amplifiers.

7.2.2 Tuning

Shows additionally the settings of Filters and Amplifier Mode.

L5 posto use BB
[ Monitor " Tuning | _Show Al ]
E-ce|||:||-cell

Standby | Lastmit |[o{:P Set |

Current Range
0.000V 100 mA

Vaoltage Range +- 10V

l-dc | 0.000 A I[Subtract] 0.000 A
(Break + Standby |
Sansci et
Stimulus Filter
Output Filter

Voltage Range: 4 different voltage ranges are provided: +/-10V, +/-2V, +/-200mV, +/-20mV. In case your voltage
does not exceed a certain range, the resolution of the voltage measurement can be improved by choosing the
smallest voltage range that just includes the expected signals.

Note: The POTMASTER software provides a feature that automatically adjusts the voltage range
in accordance to a FreeWaveForm Generator sequence (*.pgf sequence) at the time of execution
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of the sequence. This option can be activated by checking “Stimulus Ranging” from the menu
“PG610_USB”.

DC Subtraction: The total current gain is given by the “feedback gain” and a “secondary gain”. The PG 610 USB
provides 3 feedback gain ranges. The basic feedback current ranges, which have a secondary gain of 1, are: 100
mA, 1 mA, and 10 pA. The additional current ranges in between have secondary gains of 5, 50, and 500. A DC
current/voltage can be subtracted from the signal in a current range with secondary gain of 1, allowing to use a
current range with larger secondary gain subtraction. If the Subtract button is not active, the I-dc field shows the
DC offset value. After activating the Subtract button (dark red, if activated), automatically the actual DC offset
will be read and permanently subtracted from the current signal path. The subtracted value is shown in the field
on the right to the Subtract button. The remaining offset is still shown in the I-dc field.

The I-Cell/E-cell displays as well as the recordings always show the sum of subtracted and remaining signals.

Break + Standby: Corresponds to the buttons Break and Standby, thus stopping all data acquisition immediately
and turning the PG 610 USB to standby mode.

7.2.3 Filter Settings

Auto Filter: If activated, the Stimulus Filter and Output Filters are set in dependence of the Sample Frequency
and the Filter Factor defined in the Pulse Generator of POTMASTER. The fields for Stimulus Filter and Output
Filter are blocked for entries (greyed out) but show the current filter setting.

Control Amplifier Bandwidth: Sets the bandwidth of the main control loop. Typically, the bandwidth should be
set to a value larger than the expected fastest change in the signal. Eight possible settings are available:

100 Hz, 300 Hz, 1 kHz, 3 kHz, 10 kHz, 30 kHz, 100 kHz and 300 kHz.
The Control Amplifier Bandwidth is not changed by the Auto Filter function.

Note: A transient problem may arise if the potential change is very fast in combination with a
low bandwidth setting. There will be a rise time lag in the cell potential with respect to the given
potential pulse. The time constant as the inverse of the bandwidth defines the shortest time domain
over which the cell will accept a significant perturbation.

Stimulus Filter: The output of the digital scan generator is filtered by a 2-pole Sallen-Key Filter. It is used to
e.g. smooth a ramp type stimulus or limit the rise time in a voltage step stimulus. Eight cut-off frequencies are
available:

20 Hz, 600 Hz, 2 kHz, 6 kHz, 20 kHz, 60 kHz, 200 kHz and bypass

Output Filter: Filters the current and voltage signals with a 4-pole Bessel Filter before digitization. Seven cut-off
frequencies are available:

20 Hz, 600 Hz, 2 kHz, 6 kHz, 20 kHz, 60 kHz and 200 kHz

If the Auto Filter mode is selected, the Stimulus Filter and Output Filter settings are disabled for manual change
but display the actual setting with grayish numbers.

7.2.4 Show All

Shows all controls.
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[E pa&10_UsE e[ S

[ Monitor | Tuning [ ShowAll |

E-cell [ —  Jhecell [0000A

Standby | Lastmnit | OCP-set )

Current Range
0000V 100 mA

Voltage Range +- 10V

l-dc [ 0.000 A |[Subtra::t] 0.000 A
( Break + Standby )
T
Stimulus Filter
Output Filter
IR-Comp. | Off ][0.0000Ohm]
[ 3Electrode Mode |[ Reset |

[ Auto Range ]
Min | Off | Max | Off |Rms|0.01OVL

IR-Comp.: The series resistance compensation corrects for the voltage drop between the reference and work-
ing electrodes under conditions of high access resistance or high current flow between counter- and working
electrode. In the 4-Electrode Mode the serial resistance between both reference electrodes is corrected. The com-
pensation is based on the value of R-series, which can be changed by dragging the mouse or entering on the
keyboard (range: 0 to 1 M) and will be effective only when IR-Comp is On.

Electrode (Cell) Mode: Two separate cell setups are supported:

e 3-Electrode Mode
e 4-Electrode Mode

The 3-Electrode Mode consists of a working, a counter and a reference electrode. In this mode the second ref-
erence electrode input (Reference II) on the front panel of the PG 610 USB is short-circuited internally to the
working electrode, so that the potentiostat controls the voltage between the working and reference electrodes.
This commonly used mode is the default setting. The 4-Electrode Mode provides two distinct reference electrodes
(Reference I and Reference II on the front panel of PG 610 USB), between which the potentiostat controls the
voltage.

Reset: Selecting this button will reset the PG 610 USB to its initial default configuration. Reset is very useful
for defining the initial state of the PG 610 USB when recording a macro. It will reset the DA channels to zero.
E-Initial (the Initial Potential) will be unchanged by resetting the PG 610 USB.

Auto Range: The PG 610 USB can automatically find an appropriate current range by analyzing the DC current
and the noise in the digitized signal.

Min: Specifies the lower threshold of current within the given current range in percentages of full range. If the
current reaches the Min percentage of the actual current range, the next lower current range is selected and the
current resolution increases. The minimum value for Min is 1%, the maximum value for Max is 100%.

Max: Specifies the upper threshold of current within the given current range in percentages of full range. If the
current reaches the Max percentage of the actual current range, the amplifier switches to the next higher current
range. The current resolution decreases. The values for Max range between 1% and 100%.
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Rms: The noise in a signal is typically a good measurement of the capacitive load connected to the working
electrode. With a large noise (capacitive load value) a larger current transient will be expected upon a potential
change. Hence with a larger Rms value a larger current range will be automatically selected.

In order to find a good starting current
it again. During the acquisition of a da

Amplifier Protocols: If you activate the option Show Amplifier Protocol in the Configuration window (Dis-
play tab) a defined number of Protocol buttons appear in the Potentiostat window (see 5.6.3 on page 55). In this
example we show 4 so-called Amplifier Protocols. Use the Assign button to assign a specific protocol to the

button.

7.2.5 Charge Controls

Two more fields for anodic and cathodic charge will be shown in the potentiostat window under I-cell displays
(see upper red box in the screenshot below). The anodic and cathodic charge will be displayed continuously until
pressed. If pressed, the charge will be zeroed, and the charge measurement

the Charge Reset (see lower red box) is
will then continue.

range, activate AutoRange until it has selected a range and then deactivate
ta sweep the current range stays constant.

B Hide Charge Controls
E Hide Current Density Controls

E [= = =)
Maonitor Tuning Show All

E-cell | | lcell [ 0.000 A

anodic cathod.

charge 0.00C | charge 0.00C |

Standby |

E-initial Current Range
0.000V 100 mA
Voltage Range | +- 10V |

0000 A

l-dc | 0.000 A | Subfract

Charge Reset
Auto Filter

‘ Break + Standby |

Control Amplifier

Bandwidth
Stimulus Filter 20 kHz
Qutput Filter 20 kHz

7.2.6 Current Density Control

In case you want to address the current readings as density rather then raw current values, you can activate the

"Current Density Controls".

The Current Density Control items can be activated by unchecking the option "Hide Current Density Controls"

on the pane "Display" of the POTMASTER Configuration window.
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B Hide Charge Controls
B Hide Current Density Controls

The fields I-initial (Density) and I-Range (Density) will be added below the standard Initial and Current Range
controls. The I-Range (Density) corresponds to the selected Current Range and is scaled in accordance to the

Electrode Area, which is shown below.

[E pasto_use oo ]
Maonitor Tuning Show All

Ecell [ —  Jlcell

Standby | Cocpset)

E-initial Current Range

0.000V 100 mA

l-initial {Density) I-Range (Density)
0000 A 2000 mA
Voltage Range | +- 10V |
l-dc | 0.000 A |[ Subtract] 0000 A

( Break + Standby ][ Auto Filtler )

[Electrode Area 0.50 cm?2 |

Control Amplifier
Bandwidth 30 kHz
Stimulus Filter 20 kHz

QOutput Filter 20 kHz

The Current Range is calculated by multiplying the I-range (Density) and the Electrode area. Alternatively, the
user can choose the range of I-Range (Density) instead of the Current Range. The unit of the I-Range (Density) is

labeled with a prime, e.g., "A’.

In the galvanostatic mode, the item will display the I-initial (Initial current). The current is calculated by multi-
plying the Current Density and the Electrode Area. It is also possible to set I-initial (Density) instead of I-initial.

In the potentiostatic mode, the I-initial

(Density) field is not activated.

Electrode Area: Showing the Electrode Area can be activated by checking its box on the pane "I/O Control"
of the POTMASTER Configuration window. Here you can enter the size of the electrode area. The entered value

influences the I-Range Density.

Note: This option is only available if Hide Current Density Controls in the Configuration is

deactivated (see chapter 5.6.3

Note: When entering an electrode area larger than "1 cm*” you need to clear that value with your
current size defined in the PGF sequence. E.g. if you want to inject 100 mA current and your
electrode area is "3 cm?” you need to enter "300 mA” in the PGF sequence.

on page 55).
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7.3 Controlling the PG 340 USB - Special Functions

With the POTMASTER software you can also control the PG 340 USB Bipotentiostat/Galvanostat.

The main feature of the PG 340 USB Ring/Disc Potentiostat/Galvanostat is its design as a double potentiostat
which allows to control two independent working-electrodes. This not only provides the tools to control rotating
ring-disc electrodes, which are almost essential for the thorough study of mechanisms and kinetics of electro-
chemical reactions. It also allows the control of microelectrodes and ultra-microelectrodes connecting two exter-
nal preamplifiers and makes innovative microelectrochemical technologies possible as generator- and collector-
electrode mode for a Scanning Electrochemical Microscope (SECM).

The PG 340 USB allows to set a sample substrate to a well defined potential versus a reference electrode while
recording currents in the lower pA range at an ultramicroelectrode in the same solution. Using two current
channels strongly different currents can be simultaneously recorded. The bipotentiostat PG 340 is therefore the
heart of the HEKA ELPROSCAN, the Electrochemical Probe Scanner which is much more than a SECM.

The Potentiostat window of PG 340 USB is amended with some buttons and functions for the
two working electrodes, in comparison to the normal Potentiostat window (see chapter PG 310/390
Potentiostat/Galvanostat,7.1 on page 71).

LA PG340_UsB [ 8 |w]

[ Monitor T Tuning [ ShowAll 7
Amplifier-1 Amplifier-2
Ecell [ ] Eeel[ |
I-cell I-cell
[ CELL ) EY/XYDLY m

Current Range
0.000V 1A

( Break + Standby | Auto Filter
Amplifier Mode | Potentiostatic |

Control Amplifier
Bandwidth 100 kHz

MNotch Filters Off

Stimulus Filter
Voltage Filter
Curr. Filer | Bessel || 100kHz |
IR-Comp. [ Of |[0.000 Ohm]
Extinpput [ OfF | Reset )

| 3 Electrode Mode ([ Auio 7Zemo0 )
[ Auto Range )

Min | Off | Max | Off | Rms|[0.010V|
| Ampl mode switch' keep E/linit |,

7.3.1 Electrode Conditions

The control between the two channels of the potentiostat can be switched by the buttons Amplifier-1 and
Amplifier-2. The active channel is red.

e Amplifier-1 — all settings in the Potentiostat window apply to the DISK electrode

e Amplifier-2 — all settings in the Potentiostat window apply to the RING electrode
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7.3.2 Potential/Current Settings

Almost all functions are the same as for the standard PG 310/390, see chapter Potentiostat Window, 7.1 on
page 71. However, there are some small differences to be taken into account.

All settings apply to the selected electrode, e.g., DISK or RING.

Exceptions are:

Standby, Cell and OCP, which act on the DISK and the RING electrode.

The galvanostatic mode can only be set with the DISK electrode.

Control Amplifier Bandwidth filtering, which acts on the DISK and the RING electrode.

Stimulus Filter, which is active only with the DISK electrode.

7.3.3 Additional Settings

The IR-compensation in the 3 Electrode Mode as well as in the 4 Electrode Mode applies only to the DISK elec-
trode.

7.3.4 Electrode Mode

Cell Mode:
Two separate cell setups are supported by the PG 340:

e 3 Electrode Mode

e 4 Electrode Mode

The 3 Electrode Mode consists of a working (DISK and RING), a counter and a reference electrode. In this
mode the second reference electrode input (Reference II) on the front panel of the PG 340 is short-circuited to the
working electrode (DISK), so that the potentiostat controls the voltage between the working (DISK and RING)
and reference electrodes. This commonly used mode is the default setting.

The 4 Electrode Mode provides two distinct reference electrodes (Reference I and Reference II on the front panel
of PG 340), between which the potentiostat controls the voltage.
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7.4 Controlling the PG 618 USB - Special Functions

With the POTMASTER software you can also control the PG 618 USB Bipotentiostat/Galvanostat.

The main feature of the PG 618 USB Bipotentiostat/Galvanostat is its design as a bipotentiostat which allows to
control two independent working-electrodes. Two different potentiostat boards make the PG 618 USB the first
asymmetric bipotentiostat in the market. It is optimized for the use of microelectrodes and ultra-microelectrodes
using an external preamplifier on one channel and controling larger electrodes using the second channel.

The PG 618 USB allows to set a sample substrate to a well defined potential versus a reference electrode while
recording currents in the lower pA range at an ultramicroelectrode in the same solution. Using two current
channels strongly different currents can be simultaneously recorded. The bipotentiostat PG 618 USB is therefore
the heart of the HEKA ELPROSCAN, the Electrochemical Probe Scanner which is much more than a SECM.

The Potentiostat window of PG 618 USB is amended with some buttons and functions for the two
working electrodes, in comparison to the normal Potentiostat window (see chapter PG 610/690 USB
Potentiostat/Galvanostat,7.2 on page 79).

I pGe18_UsE
[ Monitor | Tuning \%\hﬂlﬁl_ EPGGW_‘USB : o]l
|
E-cell E-cell __0.0DOV
lcell [ 0000/ | lcell B —— |
| Standby | Potentiostatic B 0000A || BEE
((OCP-Set | Lastinit_|(OCP-Set | Lastnit | | Standby |_Potentiostatic
c“”e“ma“ge (OCP-set | Lastinit || OCP-Set | Lastinit
Vollage Range +- 10V — DD[;]V 1:]:3
ldc [ 0.000 A |[Subtract] 0000 A | [BTEZ?i S?;gnsby]
[g;izﬁllﬂzﬂ?g?] Vzero [ 0000V |( Auio )
Bandwidth Filter2 | Bessel |[ 29kHz
Stimulus Filter Fitel | Bessel 10Kz
Output Filter Stim.Filter
IR-Comp. [ __Off |[0.0000hm] || [ 2FElecirode Mode |( Resel )
| 3 Electrode Mode |[_ Reset ] || Probe Offset
[ Auto Range ] CC-Stim. Offset
Min [_Off | Max [_Off | Rms[0.010V] || Ref. Gain Trim 550

7.4.1 Electrode Conditions

The control between the two channels of the potentiostat can be switched by the buttons Amplifier-1 and
Amplifier-2. The active channel is shown in red.

e Amplifier-1 - all settings in the Potentiostat window apply to the Amplifier-1 electrode

* Amplifier-2 — all settings in the Potentiostat window apply to the Amplifier-2 electrode

7.4.2 Settings of Amplifier-1

All functions of Amplifier-1 are the same as for the standard PG 610/690 USB, see chapter Potentiostat
Window, 7.2 on page 79.

87 POTMASTER e June 2023 ® www.heka.com



7.4. Controlling the PG 618 USB - Special Functions

7.4.3 Settings of Amplifier-2

[ pG&18_USE || [
Monitor Tuning Show All
Ecell [ | E-cel
Icell I-cell

|  Standby | Potentiostatic
O{ZP Set | Lastinit OCP Set | LastInit

[urrent Range
0.000V 10 nA

Voltage Range +- 1V

( Break + Standby ] Auto Filter

Vzero | 0000V [ Auio )

Filterz | | Bessel || 29kHz |
Filter1 | Bessel 10 kHz |
Stim.Filter 10 kHz y

2

Voltage Range: The Amplifier-2 provides the voltage ranges &+ 1 V (default) and £ 5 V.
Note: In the voltage range £ 5 V the current ranges 200 uA and smaller are disabled.
Break + Standby: Corresponds to the buttons Break and Standby, thus stopping all data acquisition immediately

and turning the Amplifier 1 to Standby mode.

Auto Filter: If activated, the Stim.Filter as well as Filter] and Filter2 are set in dependence of the Sample Frequency
and the Filter Factor defined in the Pulse Generator (Free Waveform Generator) of POTMASTER. The fields for
Stimulus Filter, Filterl and the cut-off frequency of Filter2 are blocked for entries (greyed out), but show the
current filter setting.

V-zero: Allows to adjust the offset potential in the stimulus pathway.

Auto: Executes an automatic adjustment of the stimulus offset potential to yield zero current output.

7.4.4 Filter Settings of Amplifier-2

The Amplifier 2 provides two analog filters. Filter 1 is a 5-pole Bessel filter which acts as prefilter in the signal
pathway. Filter 2 is a tunable 4-pole filter with selectable Bessel or Butterworth characteristic. The Filter 2 can be
applied either to the current or to the voltage signal.

Filter 2: Selection of the Filter pathway and characteristic.

e | Bessel

I_Butterworth

* Bypass

V_Bessel

V_Butterworth

In the number field to the right you can enter the cut-off frequency in units of kHz.

Filter 1: You may select between the following filter settings:
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e Bessel 100kHz
¢ Bessel 30kHz
¢ Bessel 10kHz

¢ Bessel 15Hz

Stimulus Filter: The stimulus signal which is generated by the DA converter can be filters with a 10kHz or 100kHz
filter with Sallen-Key characteristics.

7.4.5 Additional Features of Amplifier-2

On the pane “Show All” of the potentiostat, the following items will be shown if the Amplifier 2 is active:

|  2FElectrode Mode [ Reset |

Probe Offset 2048
CC-Stim. Offset

Ref. Gain Trim

Electrode (cell) Mode: Two separate cell setups are supported by the Amplifier 2 of PG 618 USB Potentiostat:

e 2 Electrode Mode

e 3 Electrode Mode

The 2 Electrode Mode consists of a working and a combined reference/counter electrode. The working electrode
is connected to the input of the preamplifier (S-Probe) and the reference/counter electrode is connected to the
GND jack on the Preamplifier (or at the Signal Ground of the main amplifier unit). The potential is applied
to the working electrode with reference to the reference/counter electrode. The 2-electrode mode can be used,
if the currents are small and the won't affect the potential of the reference electrode too much. In 3 Electrode
Mode, the counter electrode is separated from the reference electrode. Counter is connected to GND jack and
the reference electrode to the Bath Sense jack at the side panel of the Preamplifier. The potential drop between
reference electrode and counter electrode is measured and added to the potential, which is applied to the working
electrode.

Reset: Selecting this button will reset the PG 618 USB to its initial default configuration. Reset is very useful for
defining the initial state of the PG 618 USB, when recording a macro. It will reset the DA channels to zero. E-Initial
(the Initial Potential) will be unchanged by resetting the PG 618 USB.

The following three parameters are calibration parameters, which can be accessed of fine tuning. Normally, such
parameters don’t need to be changed.

Note: The parameters will be reset to the last calibration values after startup of POTMASTER. Hence you can’t
permanently change them. If you want to set those values routinely, you may write your custom protocols to do
this automatically.

Note: Changing these values will affect the stimulus and reading of current and voltage signals.
Hence, you may falsify your results!

Probe Offset: Control for adjustment of the offset potential at the output of the current to voltage converter of
the preamplifier. Each feedback range has its own Probe Offset value, which is stored in the calibration settings
of the amplifier. After startup of the POTMASTER software the calibration value for the probe offset will be read
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and set. You may fine tune the offset for certain applications by changing the DAC value to the right. Typically,
the probe offset is adjusted with shielded preamplifier input (no current flowing) for zero reading at the current
monitor (I-cell) of amplifier 2.

CC-Stim.Offset: In the galvanostatic mode the CC-Stim.Offset is activated. CC-Stim.Offset stands for “current
clamp stimulus offset” whereas current clamp is equal to galvanostatic mode. This control is comparable to the
V-zero adjustment in potentiostatic mode.

Ref. Gain Trim: In 3-Electrode Mode the reference potential of Amplifier 1is measured and added to the stimulus
potential of Amplifier 2. That means, with respect to the potential the Amplifier 2 is floating on the potential of
Amplifier 1. That is, because both amplifiers share the same Ground/Counter electrode. The pathway of adding
the reference potential to the stimulus of Amplifier 2 contains a gain adjustment amplifier. This gain is adjusted
for unity gain to prevent any crosstalk between both amplifier stimuli.
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8 Control Window

@ Contrel Window E\@
| idle |_17:15:28 || 00:13:48 [Set| @ETT (EETS (Stop ) ( Next ) (_Wait_J (Resume]
Comment | I Average

PGF 1@ 2( Ramp ) 3(Continuous) 4( Hinf ) 5( Tails ] 6(TestSeries)[ 1 [&]o]
Protocol 122000 2(Example? ) 3( Link ) 4( Buffer ) 5( SETUP ] 6 SEAL )| 1 [e]w]
GEEE ([ Example? | Link ][ Buffer J( SETUP ][ SEAL | (WHOLE-CELL) [ )
[ N I I 0 A N J(_Assign )

From this window, protocols or Pulse Generator sequences are started or stopped. It allows comments to be
entered and it provides timing information. The number of buttons for executing protocols can be set in the
Display section of the Configuration dialog (see chapter5.6.3 on page 55).

8.1 Information about the Experiment

State: Current state of the experiment. All possible states are listed below:

91

* "aq: waiting": POTMASTER is waiting for the user to click on the Resume button during an acquisition

(because the Wait button was activated by the user).
"acquiring": Acquiring data in the Interactive mode.

"ex: waiting": POTMASTER is waiting for the user to click on the Resume button during a protocol (because
of a Wait event with the wait type "Resume Icon" or "wait for key").

"gap-free": Acquiring data in the Gap-free mode.
"idle": All else.

"locked": User is locked out (PATCHMASTER PRO only).
"noise": Measures noise.

"recording: Recording a macro.

"run macro": Runs a macro (may be part of a protocol).
"run protocol": Runs a protocol.

"test": Test Pulse is running.

"test (demo)": Test Pulse in Demo mode.
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Time: Actual system time measured since midnight.

Timer: This item functions as a stopwatch or timer called TimerTime. It can be reset at any time by clicking on
the Set item or by pressing T. It may be useful to keep track of the experiment (e.g., to monitor the time spent in a
specific experiment mode). The TimerTime is updated also during the Series execution. The timer value is stored
at the beginning of the Sweep acquisition. The internal Timer tick corresponds to 1 ms. When you click on Set,
the Timer will be reset to zero and started again.

Comment: Comment to the currently active Series. This field can be edited. It will result in a modification of the
text of the present Series if a file was opened with write permission. This means that one has to enter a text to a
Series after it has been acquired. The new comment will be copied into all incoming new Series until a new text is
entered.

8.2 Controlling Data Acquisition

[ Store )[ Break J{ Stop J{ Mext J{ Wait J[Resume)

| Average

Store: Store is used to save the data that will be acquired from now on. A dialog window opens and you have to
enter the name of the new data file.

In case Store is not activated but the file is opened with write permission, the last Sweep will be stored temporarily.
This Sweep is marked with a "#" in its label. It will be deleted when:

¢ the next Sweep is acquired

* or a new Group is created or

¢ the file is closed.
Break: Break is used to stop Series acquisition or replay. The Break flag is reset, when the next target is displayed
or executed. If Break is pressed during acquisition of a Sweep, this particular Sweep will not be completed and
the data acquired for this Sweep thus far will be discarded. All previous Sweeps of the Series will be saved; thus,

there can be a Series with fewer Sweeps than specified in the Pulse Generator. The Break button can also be used
in Replay mode when performing a lengthy operation.

Stop: This button is used similarly to Break. However, during acquisition of a Sweep, this particular Sweep will
be completed. The Stop button can also be used in Replay mode when performing a lengthy operation.

Next: At the end of the actually acquired Sweep the Series is stopped and the next protocol event will be executed.

Wait: This button is used to pause Series execution. Its command key is W. Series execution is resumed by a click
on Resume or by R. Wait will become effective after completion of the currently acquired Sweep. The Wait button
can also be used in Replay mode when performing a lengthy operation; e.g., it allows inspecting a particular
Sweep, when replaying a collection of Sweeps.

Resume: Opposite of Wait. Press Resume to continue data acquisition or replay.
Average: By use of this function, a PGF sequence can be repeated several times. Only the average is stored to

disk. Please enter the number of averages acquired for one Sweep.

Note: It is not mandatory but advised to use even numbers of averages in order to avoid possible
problems with the Alternating Leak Averaging feature (see chapter 10.15 on page 128).

Note: The Average function uses the Trace buffers for temporary storage. Thus, the average is

limited to 4 Traces per Sweep. Also, it will overwrite whatever is in the Trace buffers at time of
acquisition.
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8.3 Starting Pulse Generator Sequence

PGF  Test Nl 13 ) 4 15 ) 6 1 1e]e]

If you have not activated the option Hide PGF-Bar in Control Window on the Display tab of the
Configuration (see chapter 5.6.3 on page 55) then you will see a row with buttons listing the various sequences
of the loaded Pulse Generator file ( . pgf). Six buttons are shown at a time. But the row of buttons can be scrolled
using the arrow buttons on the left and right side.

* A single click on one of those buttons will start the respective Pulse Generator sequence.

* By entering a number into the field to the right of the button row, the sequence with this index is started.

8.4 Starting a Protocol

Protocol i Prot-1 W} 1 3( 1 af 7 5( ) 6( IEREE

If you have not activated the option Hide Protocol-Bar in Control Window on the Display tab of the
Configuration (see chapter 5.6.3 on page 55) then you will see a scroll-able row with buttons listing the vari-
ous protocols of the loaded protocol file (x . pro). Six buttons are shown at a time. But the row of buttons can be
scrolled using the arrow buttons on the left and right side. If you have activated the option Show fixed Protocols
in Control Window on the Display tab of the Configuration (see chapter 5.6.3 on page 55) then you will see
a buttons listing the various protocols of the loaded protocol file (» . pro). A single click on one of those buttons
will start the respective Protocol.

* A single click on one button in the scroll bar will start the respective protocol.
* By entering a number into the field to the right of the button row, the protocol with this index is started.

* A single click on one button in the row of the fixed protocols will start the respective protocol.

8.5 Fixed Control Protocols

If you have activated the option Show X Fixed Control Protocols in the Configuration window (see chapter 5.6.3
on page 55) there will be a certain number of buttons available below the protocol bar.

([ Examplt ) [ Example? | (TS | Bufer ) SETUP ) SEAL ) [WHOLE-CELL [ )
[ Jl )L )L ) Jh Jl J[__Assign )

The position of the protocols is fixed. The order can only be changed when using the Assign button. In the
upcoming dialog the user is asked to enter the name of an existing protocol and the position to which button it
should be moved within the Fixed Control Protocols.
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9 Replay Window

EReplay EI@
{_Text ][ Label ] show| Root | to [ Trace | tracing visible [ Trace | apply)
("Show ] {_Mark ) Unmark ) [=][>] (Mark Al | repeat rate
- 1] T I Eon 1 1] =
Root Group | Series | Sweep [ >Trace °
Vmon-1
im0 1
M
I, 1]
v
im0 1
o
£
[alelz

If data has been acquired in the Store mode or if an old data file has been opened, they can be reviewed and edited
in the Replay window. To open it select Windows — Replay. Up to five levels of the data tree are displayed.

9.1 Main window functions

[ Text ][ Label ] show| Root | to [ Trace | tracing visible [ Trace | apply]

Text: Displays the comment to the target (either Root, Group or Series). Use this function to edit the comment.
The entered text can be seen in the field Text of the tab for Root and Group or in the field Comment of the tab for
Series in the Parameter window.

Note: A comment for a Series can be written directly in the field Comment of the Oscilloscope
window.

Label: Displays the target label (Groups/Series/Sweep/Trace). All objects have default labels assigned:
¢ Group: E-1

¢ Series: Name of Pulse Generator sequence
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* Sweep: No label

* Trace: Name of acquired AD channel or assigned Trace name of the Pulse Generator

You may use the Label function to edit the label.

When creating a new Experiment or a new Group with the File Operation event or acquiring a Series with the
Acquire event in the Protocol Editor, then you can specify a custom label.

show / to: Defines which part of the data tree will be displayed. The highlighted part of the data tree is referred
to as target throughout this manual. Available parts of the data tree are Root, Group, Series, Sweep, and Trace.

tracing: Specify the part of the data tree that will be traced during replay. This feature might be of importance if
the Replay window is very narrow (allowing to display three levels of the tree only) and many tree entries exit.
Setting the Tracing item to Series then the active items during replay are the series objects and still Root, Group
and Series are shown in the Replay window. If you would set the Tracing item to Trace keeping the same narrow
Replay window, then the whole tree would be scrolled to the right and only Series, Sweep and Trace are shown
in the Replay window.

visible/Apply: This feature can be used to expand or minimize the whole tree. If we specify Series and click
Apply then the tree is reduced to the level of the Series, all Sweep and Trace objects are hidden.

(" Show 1 Mark )(Unmark ) [=] [I-] (Mark All| | repeat rate [0.100 s

Show: Replay the selected target. Alternatively, you can perform a double-click on the target.

Mark: Mark the selected target. You can mark more than one entry. Several functions in the Replay menu apply
for the marked entries (see chapter 4.4 on page 23). Note that set marks will be written into the « . pul file of the
data when you save the data. That means that marks will also be reloaded when you open such a marked data
file.

Unmark: Unmark the selected marked target.

Note: You can also quickly mark or unmark your targets by selecting them and pressing "M’ or
"W’, respectively.

Show/Hide Arrows: These buttons can be used to expand and close the child tree.

Mark All: Mark all targets in the selected data range with the named label.

repeat rate: Enter a time interval for controlling the scroll speed when keeping a scroll button (arrows) pressed.
Every time value between 0.01 and 1 s is possible.

(a2 | g, %) Window Scroll Arrows: The arrow buttons on the window frame can be used to scroll/jump through
the data tree.

9.1.1 Tree Handling

Interpreting the Tree objects: Besides a running index, text is displayed in the icons of the tree entries. The
displayed text is the Label of the object. Usually the Root icon contains the file name, the Group icon contains the
experiment number, and the Series icon shows the name of the Stimulation Sequence. The Sweep icon holds the
Sweep index and the Trace icon the Trace name.

Example: In the screenshot of the Replay window below you can see the following entries in the first line:

¢ File name: Demo

¢ Group name: HEK; The group "HEK" is the first group of the file Demo.
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e Series name: Lock 1; The Series Lock is the first Series of the Group.
* Sweep name: 1; the Sweep carries no name or label. It is the first Sweep of the Series.

e Trace names: Imon-1, CM 2

Demo B = [ I 1} (o N 1}~ S 1}
cM|
frem —p& gk
cM|
ook T 51 I -
cM|
ook I - I 7
cM|
frem —p& g
cM|
oo 6} I 17
ECM

o] [ L] [ [ L L] Lo L [ [ [

Labels starting with a "#" (Series "6") denote a currently acquired object that will not be stored after acquisition.

Maneuvering through the Tree: The cursor keys (LEFT, RIGHT, UP and DOWN) of the keyboard allow you to
scroll through the data structure of the tree. PAGE UP and PAGE DOWN can be used to scroll one window up or
down. HOME and END will move to the start or end of the tree.

Selecting/Marking multiple objects: An example: For analysis purposes you  [Mark AlllLock |
would like to export all data obtained with Lock protocols for a given cell. Thus, enter Lock in the name field,
select the Group for the cell under consideration, and click on Mark All. Then all Series named Lock of this group
can be exported with Replay — Export Marked Target Children.

Mark a Target and its Children:

SHIFT+CLICK = Marks Target and Children between two selections.

STRG+CLICK = Unmark a specific Target Children
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10 Pulse Generator Window

E Pulse Generator File: DefPgfPot E'E'@
[ Full View 1 Condensed View | Cartoon View )

[@4@] 1(_OCP1__ ) 2[_ CVO1 ) 3(CV-ScanRate] 4 [CV-FastScan] & (O ERGEE 6 PotStepl J[&][2]
Pool [ LOAD J[ MERGE J[_ SAVE ] Name [ CV-FastScan? | LIST J{_ COPY ][ MOVE J( UNDO ) DELETE )

@ Interactive Mode 2 Gap Free Mode

Timing EXECUTE
No of Sweeps Sweep Length  Tatal 14.01ms | 2801 pis

Stored 14.01 ms 11204 bytes
Channel Length  Stimulus |__14.01 ms 2801 pts

Stimulus -= DA AD Unit Link Compr. Points Store Zero
StimScale |-maon A 1 2801 B 0
E-man A 1 2801

Sweep Interval
Sample Interval

=

o

a
-

Segments [g]4] 1 [Stored | 2 [Stared | 3 [ Stored | 4 [ Stored | 5 6

Segment Class Constant Ramp Ramp Ramp |
Patential [V] 0.000 500.0m ~200.0m 0.000
Duration [s] 5000 5.000m 7_000m 2.000m Filter Factor

E incr. Mode (30 (66761 |
E-fact fincr. [V] Analysis:

t-incr. Mode Increase Increase Increase [ o |
Scan-fact.fincr. 10.00 £10.00 10.00 Rel Xseg |2
Scan Rate [V/s] 1000 -100.0 100.0 Rel Y-seq [ 2

Draw- Active Channel,_all Sweeps] Delay DA[ 000s [AD[000s | E.jnitial [V] (display)

0.000 O Set Last Seg. Amplitude

LUUmv T
1.00ms

p1 p2 p3 p4 ph pb p7 pé p9 pl0

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Traces

The Pulse Generator window defines the layout of stimulation pulse patterns. On the level of stimulation, they
are called "sequence" throughout this manual. The result of a sequence stimulation, i.e. the families of sampled
data Traces, are called a Series. Entries that are not default (e.g. adjustable parameters) are highlighted in bright
background colors (active parameters), the rest is shown in dim background colors (inactive parameters). Because
of this automatic feature, the color of individual editable controls cannot be changed in this dialog. All other

controls can be modified.
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e Pulse Generator

10.1 Different Views of the Pulse Generator

There a three different views available for the Pulse Generator window.

Full View: Shows the complete Pulse Generator window (see figure above).

Note: You can use the "Copy to Clipboard” function to copy the text listing of the PGF setting

somewhere else.

Condensed View: The condensed view provides access to the most important functions of a simple experiment.
In case segment parameters have to be changed frequently, then the Pulse Generator window may stay opened
during the entire experiment with minimal space requirement.

=2 Pulse Generator File: DefPgfPot =] @ 3]
[ Full View [ Condensed View | Cartoon View )
[@@] 1 ©ocP1 ) 2 CV01 ) 3(CV-ScanRate) 4 [CV-FastScan) 5 (M Agriaen? 6 PotStepl )[&]
Segments [a]a] 1 [Stored | 2 [Stored | 3 [Stored | 4 [Stored | & ]
Segment Class Constant Ramp Ramp Ramp
Puotential [V] 0.000 500.0m -200.0m 0.000
Duration [s] 5.000 5. 000m 7.000m 2.000m
E-incr. Mode
E.—fmt.llincr. [V] Ana|y5i5:
t-incr. Mode Increase Increase Increase
Scan-fact.fincr. 10.00 -10.00 10.00
Scan Rate [W/s] 100.0 -100.0 100.0
No of Sweeps
Sample Interval [5.00 ps (200.kHz
S0 Umv T [ EXECUTE ]
1.00ms

Cartoon View: Shows only the graphical representation of the selected Pulse Generator sequence.

Note: If you use the "Copy to Clipboard” function when the Cartoon View pane is active, the
stimulus cartoon is copied instead of the text listing of the PGF settings.

= Pulse Generator File: DefPgfPot =l ® e
[ Full View | Condensed View |~ Cartoon View |
a0 UmV l_
1.00ms
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10.2 Sequence Selector

= 1@ 2 Ramp | 3( Continuous | 4( Hinf | 5[ Tails ] 6[ TestSeries |[&]®]

Sequence Buttons: The first row displays a section of the pool of available sequences. It is a paging bar in units
of six sequences. Two arrows at each side allow scrolling through the available pulse protocols (the innermost
arrows move in increments of one page, i.e., six sequences; the outermost arrows move to the start/end of the
sequence list). A sequence is selected by clicking on it.

The pool of sequences is read from a file, usually the default file DefPgf_v9.pgf.

Note: If no Pulse Generator file is available, POTMASTER creates the default file. This file only
contains one stimulation sequence, called "Test”. This sequence can also be edited.

More sequences are added to the pool by copying an already existing sequence (COPY button, see below) or by
creating a new sequence (NEW button, see below).

10.3 Sequence Pool Handling

Pool (LOAD |{ MERGE ){ SAVE ] Name | v |(_NEW ){_COPY ){ MOVE ){ DELETE )(_ LIST )

LOAD: Loads the pool of available stimulation sequences (x . pgf file). The present file name is indicated in the
title bar of the Pulse Generator window, e.g., "Pulse Generator File: DefPgf v9".

MERGE: Loads individual stimulation sequences from another (. pgf file) into the currently opened file. In case
a sequence name is not unique, you are prompted to either skip this sequence, mark it invalid, or give it a new
name.

SAVE: Saves the pool of available stimulation sequences. After modification of the existing pool of sequences,
the entire Pulse Generator File (PGF) should be saved to disk (Save button). It can be saved under any name.
POTMASTER automatically appends the extension = .pgf to the file name. If this new PGF file should be loaded
into the Pulse Generator as a default, the new name of the PGF file has to be specified in the Configuration window
and the configuration file has to be saved.

Name: Editable name of the present sequence.
NEW: Creates a new stimulation sequences in the loaded PGF pool.
COPY: Duplicates the actual sequence into the first free position. A new name has to be entered.

MOVE: Moves the sequence to a new position. A number for the new position has to be entered. Use this option
to move the most commonly used sequences to one of the handy first six positions, or to rearrange your pool.

DELETE: Removes the present sequence from the pool.

LIST: Writes the settings of the actual Series into the Notebook window. Use this option, if you want to create a
listing of your sequence to be able to recreate it on another machine. A PGF listing could look as follows:

PGF-stimulus: pulse, Sequence: 4 - polarogr

TIMING:

NumberSweeps: 1, Averages: 0, SweepInterval: 0.000 s,
SampleInterval: 10.00 us

Wait before 1. sweep: FALSE
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CHANNEL: 1, channel 1 time.

AD-Channel [A]: AD-6, Comp.Factor: 1, Comp.Mode: 00000000,
CompSkip: O

Rel.DacChannel: 1, Rel.Segments - X: 2, Y: 2, Write: TRUE,
Holding: 0.000 V

LEAK SUBTRACTION:

Rel.DacChannel: 1, Rel.Segments - X: 2, Y: 2, Write: TRUE,
Holding: 0.000 V no leak pulses

DA-Channel [V]: DA-3, use StimScalerelative to Vmemb
Amplifier mode: VoltageClamp, Set last Seg. Ampl.: FALSE
SEGMENTS: Voltage Duration VFact VIncr TFact Tincr

10.4 Acquisition Modes

Int'er.active Mode: In the Interactiv.e Mod? there is a minimum @ Interactive Mode 3 Gap Free Mode
waiting period between the recording of single Sweeps, the so-

called "Sweep Gap". The size of the gap depends on the speed of your computer system and the complexity and
duration of the stimulus to be calculated and output. If you need to do any modification (e.g. C-slow, recording
modes...) during the acquisition which effects the Sweep recording you have to select the Interactive Mode.
During the "Sweep Gap" the set Holding Potential will be applied.

Gap Free Mode: The Gap Free Mode allows a timely precise acquisition of Sweeps without any gap in between.
If you do not want to modify the recording settings during acquisition we highly recommend to select the Gap
Free Mode.

10.5 Auto Sample

Auto Sample: This function helps to adjust Sample Interval and the Compression of a Sweep in
relation to the used Segment type.

10.6 Timing

Timing:
e Wait before 1. Sweep: Forces POTMASTER to wait the time T
indicated by Sweep Interval before executing the sequence Mo of Sweeps

after activating it. _Sweep Interval | StartSeg
Sample Interval [20.0 ps (50.0kHZ StartTime

¢ No Wait before 1. Sweep: If you want the sequence to start
immediately without a delay.

¢ Allow Continuous Redraw: Check this option to allow continuous display of the data in the Oscilloscope
during acquisition. Minimum required Sweep length is 1 second to activate this function.

No. of Sweeps: Determines the number of Sweeps within one sequence, e.g., how many times the specified pulse
pattern is run.

Sweep Interval/Sweep Delay: One can select either a Sweep Interval time or a Sweep Delay time. The Sweep
Interval defines a waiting time from the start of one Sweep to the start of the subsequent Sweep. The Sweep Delay
defines a waiting time from the end of the last Sweep to the beginning of the subsequent Sweep.
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Note: Only one selection, the active one, is taken into consideration for the recording.

Sample Interval: The timing of data acquisition is given as Sample Interval (in seconds) and as sampling fre-
quency (in Hz). The shortest Sample Interval (in case only one channel is used) is 5 ps (200 kHz); the longest
interval is 1 s (1 Hz). Only the Sample Interval has to be entered, the sampling frequency is just displayed as a
reference.

Note: If the Sample Interval is so long as to yield only one point per segment, POTMASTER asks
whether the segment duration should be fixed, e.g., set to a higher value.

Trigger Mode: Determines if and how data acquisition is triggered by an external TTL pulse. The default is Not
Triggered, which means that stimulation is immediately elicited by the user within POTMASTER. Otherwise you
have to activate the sequence and then one or more external triggers have to be applied.

Not Triggered: No external triggering.

o Trigger Series: One trigger at the start of a sequence.

Trigger Sweeps, Main + Leaks: A trigger is required for the main pulse and for each single leak pulse.

o Trigger Sweep, Main only: One trigger is required to start the complete Sweep, main as well as leak pulses.

Use Durations / Use Scan Rates:

Segments [4][a] 1 [Stored | 2 [Stored | 3 [ Stored
Segment Class Constant Ramp Ramp
Potential [V] 0.000 500.0m -200.0m|
Duration [s] 2.000 5.000m 7.000m
E-incr. Mode

E-fact_fincr. [V]

t-incr. Mode Increase Increase |
Scan-fact fincr. 10.00 10.00 ]
Scan Rate [W/s] 100.0 -100.0

Ramp segments can be specified either by their duration or by their Scan Rate. If the Scan Rate is given by the
user, the duration will be calculated, and vice versa. The desired mode can be selected from the list:

e Use Durations: The time between the ending and beginning of a Ramp is set in seconds in the Duration
field of the sequence.

e Use Scan Rates: The Scan Rate is set in "V/s’ in the Scan Rate field of the sequence and is calculated as
Voltage/Duration.

Start Seg: Sets the start segment.

Start Time: Sets the start time within the start segment.

Start Seg and Start Time determine the start from where acquired data are stored. The full
stimulation template is always output.

10.7 Check and Execute

Not Checking / Checking: This option determines whether a check is performed for any inconsistencies that
might occur when entering values.
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: When Not Checking is enabled, the validity checking of the sequence editing is suspended.
This is convenient when one wants to perform multiple changes, especially when some intermediate steps would
result in a (temporarily) faulty sequence.

: When Checking is enabled, the active sequence is checked after any modification of segments
and when storing, switching, or leaving the PGF editor. If the input is faulty, the user is notified and the last
operation is canceled, until the sequence is valid. The checking should be done at least at the end of the sequence
input, before executing or storing a sequence.

EXECUTE ). Allows to output the presently active stimulation sequence. Upon termination of data acquisition,
the program returns to the Pulse Generator window. In this way, pulse patterns can be adjusted interactively
without changing windows until they yield the desired responses.

10.8 Sweep and Channel Length

Sweep Length: Is the duration of the Sweep. It is given by  Sweep Length  Total 30.00 ms 1500 pts

the longest Trace (stored or not stored) in a Sweep. Channel Length gii‘;’i‘:us %ggg mg 5328 Uhﬁzs

Shows the length of the executed Sweep and stored data as determined by the timing, compression and segments
settings.

¢ Total: Denotes the total duration of the longest Trace of the Sweep in ‘'ms’” and "points’.

Note: If the total Sweep length exceeds Max. Sample Points (see chapter Memory
Allocation, 5.3.2 on page 43) a warning appears. If you would like to acquire longer
Sweeps or a Sweep at higher time resolution, you might have to increase the Max. Sample
Points parameter in the Configuration window.

e Stored: Denotes the total duration stored of one Sweep of the given sequence in ‘ms’. The Sweep size is
given in ‘bytes’.

Note: All Traces contribute to the Sweep size but not to the Sweep Length. Total and
Stored duration may be different when a Start Seg and Start Time are set.

Channel Length: Length of the actual DA stimulation. This can be shorter than the Sweep length, e.g., a short
trigger impulse.

¢ Stimulus: Denotes the duration of the selected stimulus signal in “'ms’ and "points’.

10.9 Wave Parameters

Depending on the Segment type (see chapter Segment Classes, 10.11.1 on page 121) and the Stim — DA setting
(see chapter 10.10.1 on page 115) different wave parameter buttons will appear.

10.9.1 Sine Wave Parameters

For segments of the Sine type. This button will appear between the buttons Checking and Exe-
cute and allows the specification of the wave characteristics.
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10.9.1.1 Use as Simple Sinewave: Common Frequency

Use this setting if all wave segments within a Sweep should have the same frequency.

Sinewave Parameters

| Use as Simple Sinewave: common frequency I

Peak Ampl_ [V] [ 10.00m | value |

Requested Freq. 100.0Hz |
Actual Frequency 100.0 Hz

Points / Cycle 200

Cancel

Peak Ampl. [V]: Defines the size of the Peak Amplitude. The amplitude is half of the peak-to-peak amplitude.

Value or parameter: If Value is selected the amplitude of the sine wave can be entered in the field Peak Ampl..
Alternatively, the Peak Ampl. can be determined by a PGF parameter. This allows to automatically change the
Peak Ampl. of the sine wave between different series acquisitions.

Requested Freq.: Desired frequency of the sine wave in Hertz (Hz). Once the Wave Parameters window is closed,
the Requested Freq. is set to the Actual Frequency.

Actual Frequency: Only certain frequencies are possible because they are generated by dividing a fundamental
clock frequency by an integer. Nevertheless, the Actual Frequency is usually within a couple of percent of the
Requested Freq.. The Actual Frequency is a function of the Requested Freq..

Points / Cycle: Number of sample points per full wave length. This number is calculated and can not be edited.
It is a display value only and gives the number of points per sinus wave which is the cycle length divided by the
sample interval.

Below a sine wave created with a Peak Ampl. of 10 mV and a Actual Frequency of 100 Hz is shown.

AUAAAAN AN
R TATRTRIRTRTATAIR

10.9.1.2 Use as Simple Sinewave: Separate Frequency

Use this setting if the frequency of the wave is determined by the segment duration. Each segment will contain
one wave cycle only. This option allows to create a Sweep containing wave cycles of different frequencies.
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Sinewave Parameters

| Use as Simple Sinewave: separate frequency I

Peak Ampl_ [V] [ 10.00m | value |

Cancel

All available settings have been explained before (see chapter 10.9.1.1 on the previous page).

10.9.1.3 Use as LockIn Sinewave

Use this setting if the sine wave should be analyzed with the software LockIn.

Sinewave Parameters

| Use as Lockln Sinewave |

| Use Theoretical Stimulus |

Peak Ampl. [V]
Reguested Freq.
Actual Frequency

[ 1000m |

value |

100.0 Hz |
100.0 Hz

Paoints / Cycle 200
Cycles to Skip 0 |
Cycles to Average 1

|

Total Cycles

Cancel

Note: For the LockIn Sinewave to be an active option, the LockIn Extension must first be
turned on in the Configuration window (see chapter 5.4.3 on page 47).

Use Theoretical Stimulus: Specify whether to use the theoretical stimulus or a measured stimulus Trace for
computing real and imaginary traces.

Note: This option is needed when using the Protocol Method "Impedance Spectroscopy”, also
know as "EIS”.

Peak Ampl. [V]: See chapter 10.9.1.1 on the previous page.
Requested Freq.: See chapter 10.9.1.1 on the preceding page.
Actual Frequency: See chapter 10.9.1.1 on the previous page.
Points / Cycle: See chapter 10.9.1.1 on the preceding page.

Cycles to Skip: When a Sinewave segment begins, there is a "capacitive" transient current response just as there
is a transient response when a voltage step is given. In order to prevent this from causing an artifact in the C,,
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Trace, sine wave cycles are skipped at the beginning of each Sinewave segment. If the frequency of the sinusoidal
wave is chosen appropriately, then the transient should decay within a single cycle.

Note: A value of 1 Cycle to Skip is recommended.

Cycles to Average: If a value larger than 1’ is entered, the specified number of cycles will be averaged. This
reduces the noise and the time resolution (number of data points) in the results.

Total Cycles: Number of all cycles.
Checking: Allows to deactivate the internal checking procedures during the editing process.

For more information concerning the LockIn extension, we refer to the chapter Software LockIn
Extension, 24 on page 249, and the PATCHMASTER Tutorial Capacitance Measurements using the

LockIn Extension.

10.9.2 Square Wave Parameters

For segments of the Square type. This button will appear above the Execute button and allows the
specification of the wave characteristics.

10.9.2.1 Use as Simple Squarewave: Common Frequency

Use this setting if all wave segments within a Sweep should have the same frequency.

Squarewave Parameters

| Use as Simple Squarewave: common frequency I

Peak Ampl. [V] [ 1000m | value |

Requested Freq. 100.0 Hz |
Actual Frequency @
Points / Cycle 200

MNeg. Ampl. [V] | -10.00m value I

Base Incr. [V] 0.000 |
Pos. Dur. Factor 0.000 |
Cancel

Done

Peak Ampl. [V]: Defines the size of the Peak Amplitude. The amplitude is half of the peak-to-peak amplitude.

Value or parameter: If Value is selected the amplitude of the square wave can be entered in the field Peak Ampl..
Alternatively, the Peak Ampl. can be determined by a PGF parameter. This allows to automatically change the
Peak Ampl. of the square wave between different Series acquisitions.

Requested Freq.: Desired frequency of the square wave in Hertz (Hz). Once the Wave Parameters window is
closed, the Requested Freq. is set to the Actual Frequency.

Actual Frequency: Only certain frequencies are possible because they are generated by dividing a fundamental
clock frequency by an integer. Nevertheless, the Actual Frequency is usually within a couple of percent of the
Requested Freq.. The Actual Frequency is a function of the Requested Freq..

In contrast to the sine wave the square wave allows to use different positive and negative amplitudes as well
as different half cycle times. By the use of the following two parameters, e.g. stimulation trains can be easily
parameterized.
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10.9. Wave Parameters

Neg. Ampl. [V]: If a Pos. Dur. Factor unequal zero is used, the negative amplitude of the square wave can be
entered.

Base Incr. [V]: Defines an increment amplitude which causes a baseline shift of the square waves ("Staircase”
effect).

Below a square wave created with a Peak Amplitude of 10 mV and an Ampl. Incr. of 5 mV) is shown.

gl ] | |
L]

o0 ms

Pos. Dur. Factor: Factors between 0 and 1 are allowed. A factor of '0.5" means that both half cycles have the same
duration. A factor smaller than 0.5 shortens the positive half cycle of the square wave.

Below a square wave created with a Pos. Dur. Factor of '0.2" and a Peak Ampl. of 10 mV and a Neg. Ampl. of
-5mV is shown.

10.9.2.2 Use as Simple Squarewave: Separate Frequency

Use this setting if the frequency of the wave is determined by the segment duration. Each segment will contain
one wave cycle only. This option allows to create a Sweep containing wave cycles of different frequencies.

Squarewave Parameters

| Use as Simple Squarewave: separate frequency I

Peak Ampl_ [V] [ 10.00m | value |

Meg. Ampl. [V] [ -10.00m value |

Base Incr. [V] 0.000 |
Pos_ Dur. Factor 0.000 |

Cancel

All available settings have been explained before (see chapter 10.9.2.1 on the preceding page).

10.9.2.3 Use as LockIn Squarewave

Use this setting if the square wave should be analyzed with the LockIn Extension.
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Squarewave Parameters

| Use as Lockln Squarewave |

| Use Theoretical Stimulus |
Peak Ampl_ [V] [ 10.00m | value |

Requested Freq. 100.0 Hz
Actual Frequency 100.0 Hz

Paints / Cycle 200
Cycles to Skip |
Cycles to Average | Checking

Cancel

Total Cycles

Note: For the LockIn Squarewave to be an active option, the LockIn Extension must first
be turned on in the Configuration window (see chapter 5.4.3 on page 47).

Use Theoretical Stimulus: Specify whether to use the theoretical stimulus or a measured stimulus Trace for
computing real and imaginary traces.

Note: This option is needed when using the Protocol Method "Electrochemical Impedance Spec-
troscopy”, also know as "EIS”.

Peak Ampl. [V]: See chapter 10.9.2.1 on page 107.

Requested Freq.: See chapter 10.9.2.1 on page 107.

Actual Frequency: See chapter 10.9.2.1 on page 107.

Points / Cycle: Number of sample points per full wave length. This number is calculated and can not be edited.
It is a display value only and gives the number of points per square wave which is the cycle length divided by the
sample interval.

Cycles to Skip: When a Squarewave segment begins, there is a "capacitive" transient current response just as
there is a transient response when a voltage step is given. In order to prevent this from causing an artifact in the
C,, Trace, square wave cycles are skipped at the beginning of each Squarewave segment. If the frequency of the
square wave is chosen appropriately, then the transient should decay within a single cycle.

Note: A value of '1” Cycle to Skip is recommended.
Cycles to Average: If a value larger than '1’ is entered, the specified number of cycles will be averaged. This
reduces the noise and the time resolution (number of data points) in the results.
Total Cycles: Number of all cycles.

Checking: Allows to deactivate the internal checking procedures during the editing process.

For more information concerning the LockIn extension, we refer to the chapter Software LockIn
Extension, 24 on page 249, and the PATCHMASTER Tutorial Capacitance Measurements using the
LockIn Extension.

10.9.3 Chirp Wave Parameters

For segments of the Chirp type. This button will appear between the buttons Checking and Execute,
allowing specification of the wave parameters. The Chirp wave’s characteristic is either an increasing or decreas-
ing frequency over time. This frequency modulation can be in a linear, exponential or spectroscopic manner. An
example for a Linear Chirp and an Exponential Chirp is given below:
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Linear Chirp

Exponential Chirp

50pA

ims

10.9.3.1 Linear Chirp

Use this setting if the chirp frequency should change in a linear manner.
Amplitude [mV]: Defines the size of the Peak Amplitude. The amplitude is half of the peak-to-peak amplitude.

Value or parameter: If Value is selected the amplitude of the chirp wave can be entered in the field Peak Ampl..
Alternatively, the Peak Ampl. can be determined by a PGF parameter. This allows to automatically change the
Peak Ampl. of the chirp wave between different Series acquisitions.

Start Frequency: Defines the frequency where the chirp wave starts.
End Frequency: Defines the frequency where the chirp wave ends.
Min. Points / Cycle: Indicates the minimum number of sample points per full wave length for the End Frequency.

Segment Points: Total amount of points for the Chirp segment. It is a display value only.

10.9.3.2 Exponential Chirp

Use this setting if the chirp frequency should change in an exponential manner.

Chirpwave Parameters

| Exponential Chirp |
Amplitude [V] [ 1000m | value |

Start Frequency 10.00 kHz

End Frequency 100.0 Hz | :
Min. Points / Cycle 2.0 Checking
Cancel

Segment Points 200
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All available settings have been explained before (see chapter 10.9.3.1 on the facing page).

10.9.3.3 Spectroscopy Chirp

Use this setting if the Chirp wave should be analyzed with the Spectroscopy Extension.

Chirpwave Parameters

| Spectroscopy Chirp I

Amplitude [V]
Start Frequency
End Frequency
Min. Points / Cycle
Chirps to Skip

[ 10.00m | value |

] Pre-Chirp
_
,Tl Checking
,Tl Cancel

Segment Points 200 []

Note: For the Spectroscopy Chirp to be an active option, the Spectroscopy Extension must
first be turned on in the Configuration window of Potmaster (see chapter 5.4.4 on page 48).

Amplitude [V]: See chapter 10.9.3.1 on the facing page.

Value or parameter: See chapter 10.9.3.1 on the preceding page.
Start Frequency: See chapter 10.9.3.1 on the facing page.

End Frequency: See chapter 10.9.3.1 on the preceding page.
Min. Points / Cycle: See chapter 10.9.3.1 on the facing page.
Segment Points: See chapter 10.9.3.1 on the preceding page.

Note: End Freq. = Min. Points / Cycle * Sampling Freq.

Pre-Chirp: Attaches a small chirp fragment to the beginning of the chirp wave to avoid
Checking: Allows to deactivate the internal checking procedures during the editing process.

For details on the parametrization of Chirp wave form we refer to the chapter Spectroscopy Extension, 25
on page 261 and the POTMASTER tutorial Using the Spectroscopy Extension.

10.9.4 Photometry Wave Parameters

If the option Use for Wavelength is active for a DA output channel, then the Photometry Wave but-
ton will appear above the Checking button. It assists you in creating repetitive stimulation pattern for controlling
the excitation wavelengths.

Photormetry Parameters

Number of Segments

(< Adapt to Maximal Sweep Length

Mumber of Cycles

heckrs
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Number of Segments: The number of creating a single cycle for a measurement. Typically there are three seg-
ments used for a ratio-metric measurement. Segment '1” and ‘2" for the wavelength setting and a third segment
for a waiting time.

Adapt to Maximal Sweep Length: If checked, then the number of cycles is calculated by the software in respect
to the duration of the longest output channel.

Number of Cycles: As input determines how many times the first Number of Segments are duplicated with the
Expand command. In case Adapt to Maximal Sweep Length is checked, then it shows how many cycles have
been fit into the stimulus.

Expand: Creates the complete photometry stimulus. The first Number of Segments are duplicated until the
Maximal Sweep Length or the Number of Cycles is reached.

Trunc: Removes all segment except the first Number of Segments. This option should be used to clean the stimu-
lus before changing any parameters in the photometry stimulus. After parameter adjustment an Expand creates
the new stimulus.

Checking: Allows to turn off the internal consistency checks. Turning this transiently off might be necessary
when multiple changes of parameter would lead to intermediate invalid configurations.

Segments [J]4]®Store1 [EStore2 [ Store 3
Segment Class Constant Constant Constant
Wavelength [ nm]
Duration [ms]
V-incr. Mode
W-fact fincr. [ nm]
t-incr. Mode
t-fact.fincr. [ms]

Draw: Active Channel, all Sweeps] Delay: DA[ 0.00 s | AD|

10.0nm |

In this example a single cycle consists of 3 segments. You have just to edit the first three segments. A click on
Expand adds 15 additional segments to the PGF sequences. The resulting PGF sequence then consists of 6 * 3 =
18 segments. Trunc. removes all segments except the initial 3 segments.

10.9.5 Imaging Wave Parameters
In case you want to perform image acquisition during the execution of a Pulse Generator sequence, please we
recommend reading first the chapter Imaging Extension, 23 on page 247.

The Imaging Wave parameters are usually set in the PGF Primer of SmartLUX and automatically integrated into
the Pulse Generator sequence by the Prime function of SmartLUX. Hence, usually it is not necessary to modify
the parameters in this dialog.
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Imaging Parameters

[] Adapt to Maximal Sweep Length

MNumber of Cycles 1 .
Cycle Time 0.00s |
Readout Time 100. ms
Start Wait Time 100ms |
Exposure Time 1 0.00s
Wavelength 1 0.00
Exposure Time 2 0.00s
Wavelength 2 0.00
Exposure Time 3 0.00 5
Wavelength 3 0.00
Resting Wavelength 280.
Dead Time 2.00 ms

Regions of Interest E
]

Rows to Read

Binning [ ]
Checking

For a detailed description of the imaging parameters we refer to the SMARTLUX manual.
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10.10 Channel Settings for DA Output and AD Input

Unit Stimulus -» DA Leak AD

Unit Link Compr. Points Store Zero  Leak

StimScale 2] l-maon

A 1 64 JC{ 4690 2] 1 |Store A
m] E-mon V] 1 64 |C{ 4890 =/ 0
O O

Ch-1...16: Settings for each channel. The default is "1", the other channels (Channels = 2...) may be used to
simultaneously record the potential or an amperometric signal, for example.

The DA section allows you to set the properties of the DA output, e.g., the stimulus signal.

The AD section allows you to set the properties of the AD input, e.g., the acquired data. DA and AD settings are
basically independent from each other. Their reference is only given by the variable Link in the AD settings! This
allows you to associate several AD inputs to the same DA stimulation.

10.10.1 DA output channel settings

DA: The DA channel for stimulation has to be specified. The figure below shows the options for the EPC 10 Single

amplifier.

DA-0...2: Analog output.

Stim-out: Standard output channel.

off: No output of stimulus, disables this channel.

Dig-out (word): Output as digital word.

Dig-0...15: Digital output channel.
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10.10. Channel Settings for DA Output and AD Input

Unit: Units for output channels. Defaults are "V" for voltage, and "A" for current.

Stimulus — DA: Conversion between the stimulus and the actual analog output.

¢ apply StimScale: Apply standard conversion. Stirm to DA

* relative to E-init: Calculates the signal relative to E-init. apply Stimscale

relative to E-init

* Joad from file template: Load a stimulus template from file. A detailed load from file template
description how to use a recorded waveform as a stimulus template can use for Lockin
be found in the chapter Using a Recorded Waveform as Stimulus use for Wavelength
in the PATCHMASTER Tutorial. use DA-Scaling

. . . use for Spectroscopy
e use for LockIn: Has to be activated if the stimulus should be used for

the software LockIn. For details please refer to the chapter Software
LockIn Extension, 24 on page 249.

use for Camera Trigger

* use for Wavelength: Has to be activated if the stimulus should be used to control a wavelength. Ampli-
tudes of segments can then be entered in "nm". This option is available if the Photometry or Imaging
Extension is activated.

* use DA-Scaling: Has to be activated if the stimulus should be scaled depending on the settings made
in the I/O Control tab of the Configuration. For further information we refer to the chapter AD/DA
Input/Output Scaling, 5.7.1 on page 57.

¢ use for Spectroscopy: Has to be activated if a chirp wave form should be used for impedance or admit-
tance analysis with the Spectroscopy Extension. For details please refer to the chapter Spectroscopy
Extension, 25 on page 261.

* use for Camera Trigger: Has to be activated if the stimulus should be used to control the exposure of the
camera. This option is available if the Imaging Extension is activated. For further information we refer
to the chapter Imaging Extension, 23 on page 247.

If nothing is selected, "absolute voltage" will be applied.

Use of digital Outputs: Digital outputs are mainly used for controlling (triggering) other devices, such as perfu-
sion systems, filter wheels, flash lamps, or others. The EPC 10 amplifier (and the L1H 8+8) are equipped with 16
digital output lines. These outputs can be accessed from the rear panel of the amplifier. The first three of the 16
available digital outputs can be accessed also from the front panel of the amplifier (interface). The BNC outputs
("Trigger-Outputs”) "Out-0", "Out-1", "Out-2" correspond with the out channels "Dig-0", "Dig-1", and "Dig-2" in
the Pulse Generator dialog of POTMASTER.

There are two ways to control the digital lines:

If only one digital line is intended to be used, then one of the "Dig-Out" lines ("Out-0" to "Out-15") can be selected
as output channel. In the Segments section of the Pulse Generator the state of the digital line can be set either
to "1" (active = TTL level), "-1" (inactive = 0 V), or to "0" (don’t change, use the state that is set in the I/O control
dialog).

The Dig-Out word output allows to switch several digital lines simultaneously. What channels are switched is
defined in the Segments section by the corresponding bit value. If Voltage in the Segments section is set to "7",
then the first three digital lines are turned on: 1102 + 1% 101 +1%10°=4+2+1=7.

Note: For such trigger channels it is suggested to switch from Common Timing to Separate
Timing. With this setting, the duration and number of segments is completely independent from
the first (main) channel.
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Leak: If selected, leak templates are output (see chapter P/n Leak Correction,10.15o0n page 127). This option
allows a rapid deselecting of leaks without changing the leak settings. By activating this option the Leak Traces
storing option is set by default to "Store Average".

Note: The leak template options are hidden in the Pulse Generator as long as this flag is not
activated.
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10.10.2 AD input channel settings
AD: The AD-channel for input.

e AD-0...2: AD channel. AD-D
AD-1
AD-2
¢ I-mon: Current monitor of the amplifier. AD-3

AD-4

E-mon: Voltage monitor of the amplifier.

o Mux: Multi-use channel. E-mon

e off: No input. T

e Virtual: Virtual input. A virtual Trace is used to generate a Trace where the data AD-8
come from a source different from an ADC, e.g., external data loaded via the AD-9
option Import Trace, or data which generate virtual Traces, such as the LockIn. AD-10

AD-11

AD-12

* Dig-0...15: Digital input channels. AD-13

AD-14

AD-15

* Dig-in (word): Digital input.

o Chirp Traces: Storage of particular Spectroscopy values, such as e.g. Admittance,

Phase....
off

v Virtual
Dig-in (word)
Dig-0
Dig-1
Dig-2
Dig-3
Dig-4
Dig-5
Dig-6
Dig-7
Dig-8
Dig-9
Dig-10
Dig-11
Dig-12
Dig-13
Dig-14
Dig-15

Chirp_Avg
Chirp_Phase
Chirp_Admit(Y)
Chirp_Real(Y)
Chirp_Imag(¥)
Chirp_Real(Z)
Chirp_Imag(Z)
Chirp_Imp|Z]
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10.10. Channel Settings for DA Output and AD Input

e LockIn Traces: Storage of particular LockiIn values, such as e.g. Cy,, G, Gs ...

¢ Imaging/Photometry Traces: Storage of particular Imaging or Photometry val-
ues (e.g. mean fluorescence, calcium concentration, fluorescence ratio.)

Lockln_Avg
LockIn_Phase
LockIn_Real(Y)
Lockln_Imag(Y)
LockIn_Sdmit(¥)
LockIn_Real(Z)
Lockln_Imag(Z)
Lockln_Imp|Z]

Photo_W1
Photo_W2
Photo_W3
Photo_R

Photo_Ca

Unit: Unit for input channels. Default is "A" for current (in voltage clamp mode). Use "V" if a plain AD channel

is sampled or any other applicable unit if virtual Traces are used or the channel is scaled.

Link: Number of the stimulus channel that is associated with this input. This setting is important for later analysis

of the Trace. It links the stimulus segments to the recorded Trace.

Compr.: Enter the number of points for the compression (compression factor) and choose the compression method
from the list. The compression factor should be chosen such that the compression interval (or range) covers the
complete period of interest. The number of data points divided by the number of compressed data points yields

the compression factor.

Note: Normal Traces are acquired and can be compressed. Virtual Traces are generated.

¢ Compression Mode:

- single sample: Takes one point per compression interval.

— mean: Averages all points of a compression interval.

2-byte integer / 4-byte real: Data type for storage.

Set Skip: With the Set Skip function, a specified number of points of the com-
pression interval can be skipped before the compression starts. In a compres-
sion interval, you can only skip data points at the beginning of the interval.

Set Offset: With this function, the start of the compression interval can be
influenced. A negative offset moves the start of the compression interval to
the left and a positive offset to the right. A negative offset essentially adds
dummy data points on the negative time axis. Since compression starts at
the first recorded point, the compression range is moved to the left (towards
smaller times) with respect to the data points.

Compression Mode:

single sample

mean

2-byte integer
4-byte real

Set Skip (Skip = 0)

Set Offset (Offset = 0)

Digital Filter
Set Defaults

Build Instructions:

empty

Note: For an example describing the use of Skip and Offset compression functions please refer to
the chapter High Speed Fluorescence Measurements in the PATCHMASTER Tutorial.

* Digital Filter: If selected, the raw data are filtered digitally before compression. The filter factor is given by
the compression factor. Example: If a Trace is acquired with at sampling rate of 5 kHz and the compression
factor is 10, then the digital filter is set to 500 Hz. With a compression factor of 5 the filter bandwidth is

increased to 1 kHz.
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¢ Set Defaults: Sets all settings back to default.

Build Instructions: Allows computing a virtual Trace from other Traces and inputs. The instruction string starts
with the math operation. The formula is terminated by a semicolon (;). Then a list with additional instructions all
separated by a comma (,) can follow.

* Mathematical Operations:

o An: Anodic integral of Trace with index n

o Bn: Trace buffer with index n

o Cn: Cathodic integral of Trace with index n

o Dn: Differential of the Trace with index n

o In: Integral of the Trace with index n

o M: Mean of a Trace. It must be followed by a bracket enclosing 3 numbers, separated by comma:

1. The Trace count of the Trace from which to compute the mean

2. The time offset (in [s]) from the beginning of the stored Trace data.

3. The time span (in [s]) over which to compute the mean. Example: "M(2,0.0,0.005)"
o Tn: Trace with index n

o Vn: Value with index n

o Zn: Zero data of Trace with index n

o Operators: +, -, *, /

o Brackets: ()

¢ Other Assignments:

o CC-Switch: Switches the recording mode to Current Clamp mode at the beginning of the specified
segment. CC-Gain needs to be in 0.1 pA/mV or 1 pA/mV range. Example: “;CC-Switch=2" = Switch
to Current Clamp Mode at the beginning of segment 2.

o Name="String" (separated from the math operation by a semicolon ’;’). "String" is just a placeholder for
any name.

o No LockIn: Suppressing LockIn computation
o Teount: Trace count with a value between 1 and 16
o S: Stands for "Shift". It must be followed by a bracket enclosing 2 numbers, separated by comma:

1. The source Trace index

2. The number of samples by which to shift the source Trace Example: "S(2,50)" = Trace with index

"2" shifted by 50 samples to the beginning of the Trace. Negative numbers shift the data towards

the end of the trace. The undefined data will be set to invalid (NaN). Invalid data points are not
displayed.

o Slave=[number]: Copying the Trace data from the "slave" POTMASTER instance via the batch commu-

nication protocol. The equal sign must immediately follow "slave", e.g. "Slave=2". The given number

is the Trace count of the Trace to get. In the given example data from the source Trace with Trace count
=’2is read.

o StimSwp(): Only Sweeps defined in the list will output the respective segment amplitudes. The other
Sweeps will use the amplitude of segment "1” for all segments. Values are to be separated by commas,
and Sweep ranges can be defined by a hyphen, e.g.: "StimSwp(1,3-5,7-9)".

o VC-Switch: Switches the recording mode to Voltage Clamp mode at the beginning of the specified
segment. Current Gain needs to be in medium gain range. Example: “;VC-Switch=2" = Switch to
Voltage Clamp Mode at the beginning of segment 2.
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10.10. Channel Settings for DA Output and AD Input

o Yrange=real (separated by a colon ’,"). The "Yrange" sets the scaling of the Oscilloscope display. The
value of "Yrange" corresponds to the total length of the Y-axis. 1/10 of "Yrange" corresponds to the
scale bar displayed in the Oscilloscope window.

o Yrange([N],[factor]). Sets the "Y-range" of a Trace proportional to the value of another Trace. "N" is the
Trace index of the source Trace and "factor" is the factor to multiply.

Note: The total length of the Build Instruction is limited to 128 characters.

Example 1: V1*T1;Name="m1", Yrange=1E-9

Trace 1 is multiplied with Value 1. The name of the new virtual Trace is "m1" and the total range of the Y-axis is
le-9.

Example 2: V1*T1+(T6-T7);Name="Baseline",Yrange=1E-6

Trace 1 is multiplied with Value 1 and the difference between Trace 6 and Trace 7 is added. The name of the new
virtual Trace is "Baseline"” and the total range of the Y-axis is le-6.

Example 3: I1; Name="Charge", TCount=5, Yrange=1E-5

Trace 1 is integrated. If Trace 1 is a current Trace we get the charge. The new virtual Trace gets the name "Charge",
the total range of the Y-axis is 1le-5 (i.e. 10 1C). The Trace #is set to "5".

1 No other operator priority is considered besides the brackets.
n

The Build Instruction can also be used to give a particular Trace a name (label). This is convenient for having the
name of the Trace displayed in the Replay window.

It is also possible to specify an equation as a build instruction similar to the equation handling in the Analysis (see
chapter 13.3.2.7 on page 187), the Buf fer menu (see chapter 4.6 on page 33) or the Calculator dialog (see chapter
4.3 on page 22). It is important to put the equation in double-quotes and start at the first character.

Example 4: "t[1]-t[2]" or "sin(y)".
Points: Number of resulting points for this channel.
Store: If checked, data acquired for this channel will be stored.
Note: In case Store is not activated but the file is opened with write permission, the last Sweep

will be stored temporarily. This Sweep is marked with a "#” in its label. It will be deleted when the
next Sweep is acquired or a new Group is created or the file is closed.

Zero: Number of the segment on which base the Zero Offset will be calculated. Usually the Zero Offset is
calculated from the second half of that segment to avoid contamination by tails of capacitive transients. In order
to specify a custom range for the Zero Offset calculation please specify a StartSeg and a StartTime >0. Then the
Zero Offset will be calculated between StartTime and end of the segment.

Note: When the segment number is set to "0”, no Zero Offset subtraction will be calculated.

Note: Subtract Zero in the Display menu is kept “On” even if the conditions for Zero Sub-

traction are not met. If one wants to see the subtracted Trace offline, one has to switch to another

Trace in the Replay Tree and then back to the just acquired Trace. A simple “Wipe” or “Redraw”

of the displayed data is not sufficient.

Leak: Defines how the leak responses are stored.

* No Leak: No leak correction applied.
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¢ Store Avg.: Stores the leak responses as average.
¢ Store Each: Stores every leak response separately.

¢ Store None: Leak correction is applied but the leak response is not stored.

Note: Leak correction will only be performed and stored when leak correction is activated (see
chapter DA output channel settings, 10.10.1 on page 114)

Note: The main data are always stored with leak correction performed. Le., to replay non-corrected
data, the leak responses have to be stored.

”

Note: The leak traces storing method is set by default to ”Store Average”.

10.11 Segments

10.11.1 Segment Classes

Segments [g][<] 1 [Stored | 2 [ Stored | 3 [Stored | 4 [Stored | 5
Segment Class Constant Y

Potential [V] [ 0.000 |8l 500 0m |

Duration [s] (1000 Jall 5000 | _

E-incr. Mode |

E-fact.fincr. [V]

t-incr. Mode

Scan-fact.fincr.

Scan Rate [V/s]

A pulse pattern consists of an arbitrary number of segments. Segments are shown as a horizontally scrolling
matrix; clicking on the arrows does scrolling.

Store: On the top of the segment column there is a Store field with a selection list determining whether or not the
data of that segment is to be stored to disk.

The following options are available:

¢ Not Stored: The data for that segment are sampled but removed from the Trace before storage. A non-
stored segment must not be a StartSegment or a Relevant Y-segment. For a description on the usage of non-
stored segments please read Non-Stored segments in the Pulse Generator inthe PATCHMASTER
Tutorial.

e Stored: The data are sampled and stored.

o First Sweep: These segments are output only with the first Sweep of the Series but are not stored.

* Last Sweep: These segments are output only with the last Sweep of the Series but are not stored.
Note: There are some important consequences when using P/n leak correction (see chapter P/n
Leak Correction,10.15on page 127). Non-stored segments are not used for the P/n template.
Thus, for proper leak correction it is recommended to insert a constant segment of the same value
as the non-stored segment before and after that segment. The duration of these inserted segments

should be sufficient to settle capacitive transients. Since P/n signals are generated for these inserted
constant segments, P/n leak correction will work.
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Segment Class:

Segments can be the following:

Segment Class | Constant | Ramp | Sine [ Sqguare | Chirp | Continuous |

* Constant: Segment of constant amplitude. | R
Ramp
* Ramp: Segment with ramp from the amplitude of the previous segment to the am- Continuous
plitude of this segment. Sine
¢ Continuous: Identifier for continuous data acquisition. Square
Chirp
Note: Only the last segment can be of that class. —
¢ Sine: Segment with sine characteristics. Amplitude and cycle duration are defined Liireis
in Sine Wave parameters (see chapter 10.9.1 on page 104). Ll
Duplicate...
¢ Square: Wave segment with rectangular characteristics. Amplitude and cycle dura- Delete..

tion are defined in Square Wave parameters (see chapter 10.9.2 on page 107).

¢ Chirp: Wave segment with increasing sine wave frequency. Wave characteristics are
defined in Chirp Wave parameters (see chapter 10.9.3 on page 109).

The list entries Insert, Duplicate, and Delete are used to create or remove segments.

e Insert: Inserts a constant segment (default duration = 0) at the actual location (moves the selected segment
to the right).

* Duplicate: Creates a copy of the selected segment and inserts it at the actual location.
® Delete: Deletes the selected segment at once.

® Duplicate...: Creates multiple copies of a number of segments. You have to enter how many segments you
want to copy. Segments are counted starting with the selected segment. How often specifies the number of
copies from these segments. They will be inserted at the actual location.

¢ Delete...: Deletes a specified number of segments at once.

Potential: The Potential of a segment is either a numeric value (val, in mV), a E-init value at time of sequence
execution, or a value from the PGF parameters list (p1-p10). The Potential field may turn into "Current (A)"
in Galvanostatic mode, into "Wavelength (nm)" when the segments are used for photometry stimulation or into
"Amplitude" when the Use for DA scaling is used. The valid amplitude range is a function of the given DA
output voltage range of the interface and the appropriate stimulus scaling factors or the wavelength to voltage
conversion formalism of the Photometry Extension.)

Duration: Duration of a segment, entered in seconds (s) . The value may be adjusted by dragging the mouse or
typing the number. For segment duration, PGF parameters can also be used. In this case, all data are taken in
seconds. Make sure that the duration of segments are even multiples of the Sample Interval. A warning is given
if they are not, in case Checking is activated.

val / E-init / p1...10: Allows setting the value.

e val: Standard value.

e E-init: Keeps the potential at E-initial during a potentiostatic measurement. If the channel is used for pho-
tometry, the resting wavelength as specified in the Photometry window is set.

¢ pl...10: Sets the value to the value given in the corresponding PGF parameter. For a description of usage
of the PGF parameters please read PGF Parameters, chapter 10.16 on page 130.
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10.11.2 Scan Rates

The Scan Rate options are only available if Use Scan Rates is activated (see chapter 10.6 on page 103).

* Scan-fact./incr.: If a value for the increment is entered the field t-incr. Mode gets active.

* Scan Rates [V/s]: The user can enter a defined value into the field Scan Rates whereby the duration of the
segment will be calculated or vice versa. The Scan Rate is calculated as Voltage/Duration.

10.11.3 Increment Modes

The various increment modes are flexible tools to create sequences with varying durations or amplitudes. Please
note that first the amplitudes or durations in logical order are calculated as specified by the parameters Poten-
tial/Duration, E-fact./t-fact and E-incr./t-incr.. Then the logical order is converted to the physical output by
applying the selected Increment Mode.

Increment Mode: This determines the order of incrementing the seg- ¥ ||l Increase
ment voltage and/or duration. The options are as follows (the num- v | Increase Decrease
bers give an example for a Series with 6 Sweeps): Decrease Interleave +
Interleave + Interleave -
Interleave - Alternate
Alternate Toggle
* Increase: first Sweep comes first (e.g. 1, 2, 3, 4, 5, 6) t* Factor ¥ || v *Factor
v dt*Factor dV * Factor

® Decrease: last Sweep comes first (e.g. 6, 5, 4, 3, 2, 1)
¢ Interleave +: ascending interleaved (e.g. 1,3, 2,5, 4, 6)

¢ Interleave -: descending interleaved (e.g. 6,4, 5,2, 3,1)

Example: If you apply a Series of 6 Sweeps at an increment of 10 mV starting at -40 mV the logical sequence
will be: -40, -30, -20, -10, 0 and +10 mV. With the mode Interleave - activated the pulses will be output in the
following (physical) order: +10, -10, 0, -30, -20 and -40 mV.

* Alternate: first, last, second, penultimate...(e.g. 1, 6,2, 5, 3, 4)

¢ Toggle: Starts with the first Sweep, second the voltage increment is added and third the voltage segment is
subtracted. Then twice the voltage segment is added.... E.g. using 6 Sweeps with a E-incr.of 1 mV and the
first Sweep steps to 10 mV. The output voltages are as follows: 10, 11,9, 12, 8, 13 mV.

Constant

10.11.3.1 Logarithmic increment modes

V * Factor: In mode V * Factor the logarithmic increment is based on the voltage of the first Sweep. Therefore the
voltage cannot be zero. The segment’s voltage of the ith Sweep is then calculated as:
V; = Voltage * V Factor'™! + (i — 1) x dViner

In mode V * Factor the increment may be zero. Let Voltage be 10 mV, AVIncr. = 0 mV, and VFactor = 2 then
the Series 10, 20, 40, 80 mV, ...is obtained.
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dV * Factor: In mode dV * Factor the logarithmic increment is based on the linear increment step. Therefore the
voltage increment cannot be zero. The segment’s voltage of the ith Sweep is then calculated as:

for V-factor = 1:

V,; = Voltage + (i—1) * dV-incr
for V-factor # 1:

V; = Voltage V, ;-1 = Voltage + dV-incr * V-Factor?—2

In mode dV * Factor the first segment may be zero and is then logarithmical incremented. Let Voltage =
0 mV, dV-Incr =1 mV, and V-Factor = 2 then the Series 0, 1,2,4 mV, ...is obtained.

In some kind of experiments it might be useful to toggle between two fixed potentials. To achieve this, you
have to:

* Define your starting "Voltage".

¢ Select "Increase" and "V*Factor".

e Select "V-fact." to "-1".

There are three cases for setting the voltage increment:

1. "0" E.g. +100 mV, -100 mV, +100 mV, -100 mV....
2. "positive" (e.g. +20 mV): E.g. +100 mV, +80 mV, +100 mV, +80 mV,...
3. "negative" (e.g. -20 mV): E.g. +100 mV, +120 mV, +100 mV, +120 mV,...

Segments []4] 1 [Stored | 2 [Stored | 3 [Stored | 4

Segment Class Constant | Constan Constant
Potential [V] E-inl_E-init 000 |E-inl E-init
Duration [s] 1.000 1.000 1.000
E-incr. Mode Increase
E-fact.fincr. [V] -1.00
t-incr. Mode
v | Increase t-fact.fincr.
Decrease
Interleave + Draw: Active Channel. all SweeEI Delay: DA[ 0.00s | AD[ 0.00 s
Interleave -
Alternate
Toggle
v V*Factor 200mvi
dV * Factor 200.ms

In analogy to the logarithmic amplitude increments the duration increments are calculated as follows:

t * Factor: In mode t * Factor the logarithmic increment is based on the duration of the first Sweep. The segment’s
duration of the ith Sweep is then calculated as:
t; = Duration x tFactor'=! + (i — 1) x dtIncr

In mode t * Factor the increment may be zero. Let Duration be 10 ms, dt-Incr. = 0 ms, and t-Factor = 2 then
the Series 10, 20, 40, 80 ms, . ..is obtained.

dt * Factor: In mode dt * Factor the logarithmic increment is based on the linear increment step. Therefore the
duration increment cannot be zero. The segment’s duration of the ith Sweep is then calculated as:

for t-Factor = 1:
t; = Duration + (i-1) * dt-incr

for t-Factor # 1: t; = Duration
t; ;~1 = Duration + dt-incr * t-Factor' 2
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In mode dt * Factor the duration of the first segment may be zero and is then logarithmical incremented. Let
Duration = 0 ms, dt-Incr = 1 ms, and t-Factor = 2 then the Series 0, 1, 2, 4 ms, ...1is obtained.

10.12 Miscellaneous

Potentiostatic |

Filter Factor
[ 192.0 {104. Hz) |

Analysis:

| CV
Rel X-seg 2
RelY-seg | 2

Common Timing / Separate Timing: If Common Timing is selected, the segments of all channels are timed like
the first one. If Separate Timing is selected, all channels are timed separately, i.e. segment boundaries may be
different in different channels.

Break Condition: For each acquired Trace of the AD input that is longer than 1 second a Break condition can be
specified. The first condition that is TRUE terminated the acquisition of the Sweep.
* No Break: No break condition for that Trace.

® Break if >: Terminates the acquisition if the acquired values become larger than the value entered in the field
to the right.

¢ Break if <: Terminates the acquisition if the acquired values become smaller than the value entered in the
field to the right.

¢ Break if abs >: Terminates the acquisition when an absolute sample value of that trace exceeds the given
threshold.

® Break on "next": Terminates the acquisition of the Sweep if the user presses the Next button in the Control

window. The acquisition then continues with the next Sweep.

Note: The delay between the break condition = TRUE and leaving the acquisition routine can be
up to 50 ms.

Recording Mode: Stimulation sequences can be restricted to Potentiostatic or Galvanostatic modes. The follow-
ing options are available:

¢ Any Mode: Allows the stimulus to be executed in both modes, e.g. for photometry.

¢ Potentiostatic: Restricts the protocol to Potentiostatic mode. Stimulus amplitudes are entered in (V), Holding
corresponds to E-initial. If the stimulus is output at a DA channel, the stimulus amplitude is scaled with the
Stim. Scale factor specified in the Configuration.

* Galvanostatic: Restricts the protocol to Galvanostatic mode. Stimulus amplitudes are entered in (A), Hold-
ing corresponds to I-initial. If the stimulus is output at a DA channel, the stimulus amplitude is scaled with
the Stim. Scale factor specified in the Configuration.
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Filter Factor: The Filter Factor is implemented for the EPC 9 and EPC 10 amplifiers. It is used to define the
automatic filter setting relative to the sample rate (activated by Auto Filter in the Configuration window).

Example: for Sample Interval = 250 ps (4 kHz) and Filter Factor = 4, a filter cutoff frequency closest to 1 kHz (=
4 kHz / 4) will be selected. The suggested filter frequency is shown in parentheses.

Analysis: Enter an Analysis Method that should be executed automatically after the data acquisition. Note that
Automatic Stimulus Control has to be activated in the Analysis window for this feature to become effective.

Relevant Segments: The Rel X-seg (relevant X-segment) specifies a segment of interest that is mainly used as
X-axis reference for later analysis. The Rel Y-seg (relevant Y-segment) specifies the segment where the analysis
is performed (e.g., determination of peak current). For the measurement of an h-infinity curve, for example, the
Relevant X-Segment would be the conditioning segment of variable voltage, while the Relevant Y-Segment would
be the test segment, where the peak current is determined.

10.13 Stimulus Template Preview

AN A AT |
comtd VUV U UL

HURALE

an n

£U.Ums

After each editing operation, the stimulus template is refreshed to reflect the changes made. Sweep other than
the first one are shown as dashed lines. If part of the pulse pattern exceeds the DA limits, the forbidden voltage
region is indicated in the picture by shading. The corresponding warning box "Segment with too large voltage
encountered" only appears once. Segments drawn in red color refer to the relevant Y-segment. The type of graph
scaling is chosen in Display — Labeling — PGF-Editor Grid.

Preview Mode: Select from the list what shall be displayed in the preview:
® Draw: Active Channel, all Sweeps: Displays the settings of the active channel for all Sweeps. Recommended
if you use increment modes in your settings.
¢ Draw: Active Channel, 1. Sweep: Displays the settings of the active channel for the first Sweep.
e Draw: Active Channel, Last Sweep: Displays the settings of the active channel for the last Sweep.

e Draw: All Channels, all Sweeps: Displays the settings of all channels for all Sweeps. Recommended if you
use Increment modes in your settings.

¢ Draw: All Channels, 1. Sweep: Displays the settings of all channels for the first Sweep.
® Draw: All Channels, Last Sweep: Displays the settings of all channels for the last Sweep.

® Draw no cartoon: Disables the display of the stimulus template.

Delay: Displays the hardware delay time for the DA output and the AD input with  Delay:DA[0.00 s | AD[0.00s |
respect to the first DA output channel.
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10.14 E-initial

E-initial [V] (display)
0.000 O Set Last Seg. Amplitude

E-initial (V): This control displays the presently selected inital potential. It is only used for the sequence cartoon
as reference and can be changed without actually affecting the initial potential in the Potentiostat window (E-
initial). When the PGF template of a stored file is reviewed, E-initial is the holding voltage of that particular
experiment.

Set Last Seg. Amplitude: At the end of the Sweep, E-initial is set to the amplitude of the last segment, e.g., 0.5V,
if this was the potential of the last segment. Normally, the potential is reset to E-initial.

10.15 P/n Leak Correction

Leak Pulses  (min / max =-120.mV / -97 . 5mV)

Mo of Leaks 4

Leak Delay -100. ps [ Leak Alternate |
Leak Size 0.250 [Alt Leak Average]
Leak Hold [mV] -120 [ wait = abs_hald |

PGF Leak Pulse settings: No of Leaks: 4, Leak Delay: 100 ms, Leak Size: 0.250, Leak Hold: -120 mV. The V-
Holding is set to -70 mV.

Leak min/max: The minimum and maximum voltage which will be applied during the leak pulses is shown here.
The calculation of the minimum and maximum values of the leak pulses is:

L(i) = (V(i) = Vh) % size + Lh (10.1)
i=pulse number, V(i)=voltage of segment i, L(i)=voltage of leak segment, Vh=holding potential, Lh=leak holding, size=leak
size;

Example: i=2, V(2)=-50 mV, L(2)=voltage of leak segment, Vh=-70 mV, Lh=-120 mV, size=0.25;

L(2) = (=50mV + 70mV) % 0.25 — 120mV = —115mV (10.2)

No of Leaks: Arbitrary numbers of so-called "P/n pulses" are supported.

Leak Delay: This is a waiting time between the leak pulses and the main pulse. In between leak pulses no extra
waiting time is supported. P/n pulses precede the test pulse if a negative Leak Delay is supplied or they follow it
if Leak Delay > 0.

Leak Size: Determines the amplitude of the leak pulses relative to the main pulse.
Leak Hold: Specifies the potential from which leak pulses are generated.

If executing a PGF sequence with such P/n Leak Correction settings the leak pulses will look like this:
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--------------------------------------------------------------------------------------------------------------------------------

Holding

1

; : \ ’ 4 Leak Pulses | ;
T Leak:Min™™ " o A CoTT T

Classical P/4 protocol with 4 leak pulses scaled down to a fourth of the original pulse amplitude. In the classical
P/n protocol the Leak Size is always equal to 1 divided by the No of Leaks. This is not necessary with the
POTMASTER software: the leak pulses are summed and scaled with a factor of 1/(No of Leaks * Leak Size).

Note: You can improve the signal-to-noise ratio if you increase Leak Size and No of Leaks, but
be sure that the leak pulses do not reach the activation level of the channels you want to study.

Note: The scaling of leak Traces depends on the scaling of the parent Trace (Trace to which the
leak Trace belong). Therefore you have to select the respective parent Trace in the Oscilloscope
when you want to scale the leak Traces.

Software/Hardware Leak: In case an iTEV 90 amplifier is used the user can select between Software P/n and
Hardware P/n function.
Leak Alternate: If Leak Alternate is on, leak pulses of alternating polarity are generated.

The following figure illustrates a pulse template.

Alt. Leak Average: This procedure was intended to be used with the Average function provided in the Conrol
Window (see chapter 8.2 on page 92). The Average function acquires a given number of averages acquired for
one Sweep. Only the average is stored to disk. Alt. Leak Average provides the option to generate leak pulses of
alternating polarity while averaging. That means, if the number of averages in the Protocol Editor is set to "4",
then the polarity of the leak pulses for the 2" and 4" average is inverted. Averaging of the leak pulses thereby
eliminates slow capacitive currents arising from the jump from holding to Leak Hold.
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10.15. P/n Leak Correction

Note: An even number of Sweeps to average is required to give correct results. The entire leak
template of every other Sweep is then inverted.

Wait:

* wait = abs. hold: Keeps the cell potential at the chosen absolute holding potential during wait periods.

Vhold!

' ' ' ' '
[EJR Y S Lo g cemeiaaoo Lo Lo Lo L eeeeooo o .
I v h h h v

/

, Wait: Absolute Leak Hold = -120 mV ! ,
U SO e VRO 7OV <o coeeeeeenes beeceeeenceeeenneed |
: | Leak Hold = -120 mV : :

----------------------------------------------------------------------------------------

B A - .--...Wait: Relative Leak Hold =190 mV.... ...\
: : : ¢t Vhold=-70 mV : :
| Leak Hold =120 mv

* wait = abs. leak hold: Keeps the cell potential at the chosen absolute leak holding potential during wait
periods.
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10.16. PGF Parameters

5 5 Wait: Absolute Leak Hold = -120 mV | ,
S b ---Vhold =-76my/------------ ] e
; ; ; !.eak Hold = -1?0 mV ;

___________________________________________________________________________________________

Leak Hold, not Vhold!

10.16 PGF Parameters

pl p2 p3 p4 ph p6 p7 pé pd p10
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Use the PGF parameters as variables in the segment settings for Voltage or Duration. This allows you to change
multiple settings in one or more sequences with changing only one parameter. POTMASTER provides 10 PGF
parameters which will be stored with the Pulse Generator file. Instead of pl to p10 you can assign use
specific names to make the parameter input more intuitive.

Example: You want to increase the duration of three segments during a loop in a protocol. Enter the start duration
in field "p1", set the duration of all segments to "p1" and then increase "p1" during loop execution.

For a description of usage of the PGF parameters please we refer to the chapter Global Variables in
PaTcHMASTER in the PATCHMASTER Tutorial.

10.17 Error Handling

If POTMASTER encounters an unreasonable value in the Pulse Generator window, the user is requested to change
the corresponding parameter before proceeding. In case of multiple errors, one cannot exit the dialog until all
parameters are set correctly. If it seems impossible to solve the error situation and you consistently get error
messages, you can load a valid PGF file from disk.

Values in the Pulse Generator controls are rounded to the exact values as displayed. This prevents unexpected
results caused by rounding problems, such as the Sample Interval being an odd number.
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11 Protocol Editor Window

In the Protocol Editor window you can assemble complex experimental arrangements by combining PGEF-
templates with other operations (e.g. breaks, IF-THEN loops, setting changes). This window is the heart of
the POTMASTER software concerning the automation of experiments.

=Y | Protocol Editor: DefProt EI@
12D 2( Example? ) 3( Link ) 4( Bufer ) 5( SETUP ) 6( SEAL ) 1 [o]e]
“This protocol preceeds each series with AutoCSig|EdNENNRIETLEREE | Exampl1 |
2. REPEAT: 5x0.000s &
— NEW COPY
3. Amplifier: C-slow o C ) )
4° IF: AutoCSlow < 1.0000 — | (_Record Macros | (_MOVE )( DELETE )
I| & Beep [ Relative Value ) [ "Blocking” Protocal |
6 END_IF hsd
7-  Series "IV" |=| Events | 10f8 | InsertBefore | Insert After |
8 END_REPEAT 2d [ Duplicate ][ Delete )[ Move |
Annotation
Annotation
| This protocol preceeds each series with AutoCSlow |
[ "Mon-blocking” Event |
Repeat Status
(_STEP )(TOEND ) Write | IF etc. Result

With protocols, very complex sequences can be edited. During protocol execution no opening/closing of windows
is necessary, thus the execution is pretty fast. Furthermore, in protocols it is possible to use conditional events,
depending on e.g., analog or digital input, analysis results or key commands.

11.1 Protocol Handling

1@ESED 2 SEAL ) 3(WHOLECEL) 4( Exampll ) 5( Examplez | 6(_ Link _J[ 1 [&]e]
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11.2. Event Handling

Protocol Pool: The first row displays a section of the pool of available protocols. It is a paging bar in units of six
protocols. Two arrows at each side allow scrolling through the available protocols (the innermost arrows move
in increments of one page, i.e., six protocols; the outermost arrows move to the start/end of the sequence list). A
protocol is selected by clicking on it or by entering the protocol number in the blue field on the right side next to
the arrows.

After modification of the existing pool of protocols, the entire Protocol Editor file («.pro) should be saved to
disk (see below). It can be saved under any name. The default name is DefProt.pro. If a custom *.pro file
should be loaded into the Protocol Editor as a default, the new name of the ».pro file has to be specified in the
Configuration window as Protocol File (see chapter5.5 on page 51) and the Configuration File has to be saved.

: Loads the pool of available protocols (» . pro file).

: Loads protocols from another (. pro file) into the currently opened file. In case a protocol name is not
unique, you are prompted to either skip this protocol, mark it invalid, or give it a new name.

: Saves the pool of available protocols (. pro file).

: The name of the present protocol is displayed in the blue field. To edit this name, click into the field.
End editing either by pressing RETURN or by clicking with the mouse into another area of the window.

: Creates a new protocol in the pool.

: Creates a copy of the active protocol and inserts it at the end of the protocol pool.
: Moves the present protocol to another position in the protocol pool.

: Removes the present protocol from the pool.

: Activates the macro recording. In the following the command lines for all activated events are
recorded and inserted into the active protocol. Press again on Record Macros to finish the macro recording.

: Interprets the subsequent Vhold potential as a relative value ("True"). It is a macro command and
has to be activated via the Record Macro button. It has to be repeated prior to each Vhold macro command.

: Steps to the next line in the event list and executes the event.
: Runs the protocol through to its end.

: Writes the events to the Notebook window during execution of a protocol. The Write button should
also be activated if you want to log the execution of single PGFs in the Notebook.

11.2 Event Handling

In the event area, you can select events for the actual event list that should be performed during the experiment.

Events | 1of14 | InsertBefore | Insert After |
[ Duplicate ][ Delete )[ Move

Events: Here the position of the present event in relation to the total number of events is displayed.

Insert Before / Insert After: Here you can choose a new event from the drop-down list. It will be positioned
either above or below the present entry.

Duplicate: Duplicates the present event. The duplicate will automatically be inserted above the duplicated event.
Delete: Deletes the present event from the list without further notice.
Move: Allows you to move the present event in the event list to another position by entering a new position

number.

Note: Multi-line events such as Repeat loops or conditional statements can not be moved.
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11.3. Recurring Functions

Note: Since protocol files are stored in text format, editing of protocols with standard text editors
is also possible.

11.3 Recurring Functions

These functions and information fields exist in every event area.

Bskip : Omits this step in the protocol execution. This option is included to allow the user a quick disabling of
events without losing all settings.

Belay : Sets a delay time in seconds. The total time of the event is subtracted from the entered delay time
value. E.g. an Acquire Series event needs in total 8 s for the execution and a Delay of 10 s is specified for this
event. This would result in a delay (waiting time of the event) of 2 s (Delay time - Event execution time). The
delay is executed after the event.

Repeat Status |Repeat at line 2- 2 of 5 \
IF etc. Result [Auto C-slow = 1.0000 < 1.0000 => FALSE|

Repeat Status: Displays the status of loops. The following example shows that the repeat step happens at line 2
of the protocol and that there have been 2 repeats in a 5 cycle loop.

IF etc. Result: Displays the last IF condition that has been triggered.
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11.4. Events - Overview

11.4 Events - Overview

The available events are categorized into eight groups. Not all of the events are explained in detail here. Please

follow the given links to other chapters.

Protocol Sequence
Break
Chain Protocol
Clear Key
Goto
Goto_Mark
IF..Then
Elself...Then
Elze
Launch
Macro Command
Repeat
Switch Window
Wait
Acquisition
Acquire Each Sweep
Acquire Properties
Acquire Series
Set Sweep Label
Test Pulse
Hardware
Amplifier
Serial Cutput
Set DAC
Set Digital Bit
Set Digital Word
Set Solution Changer
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Data/Display
Analysis
Digital Filters
Display Properties
Export
File Operation
Replay
Trace Buffer

Value/Parameter

PGF Parameters
Set Solutions
Set Value
Messages
Annotation
Beep
Write lcon Value
Extensions
Lockln
EIProScan
Photometry/lmaging
DoculUX
E-Chem Methods
Cyclic Voltammetry
Impedance Spectroscopy
Open Circuit Potential
Square Wave Voltarmmetry
Optical Spectroscopy



11.4. Events - Overview

11.4.1 Protocol Sequence

11.4.1.1 BREAK

Use to terminate a repeat loop or the protocol.

BREAK
O Skip

Type | EndProtocol |

Type:

¢ End Protocol: This kind of BREAK stops the protocol execution completely at this point.

* End Repeat: This kind of BREAK ends the execution of a repeat loop (e.g. Acquire Each Sweep...) and
jumps out of it to the following events. If this BREAK is used outside of a loop, the execution jumps to the
end of the protocol.

¢ End If: This kind of BREAK ends the execution of an IF-THEN statement and jumps out of it to the following
events. If this BREAK is used outside of a loop, the execution jumps to the end of the protocol.

11.4.1.2 Chain Protocol

Use this event to link one protocol to another protocol.

Chain Protocol

OSkip  Delay
Protocol Name
| |

O Retun [ Edit Protocol | [ Select Protocol: |

Protocol Name: The name of the protocol is displayed in this field after one protocol is select in the Select Protocol
selection list.

Return: If this option is not checked the protocol sequence will stop after executing the selected protocol. If the
Return option is enabled the protocol sequence will come back to the main protocol and will be continued.

Edit Protocol: Opens the protocol named in the field Protocol Name.

Select Protocol: Select a protocol to define the link. After a selection is made the name of the protocol is displayed
in the field Protocol Name.

11.4.1.3 Clear Key

Normally a keystroke is stored during the execution of a protocol until a new key is pressed. In case the key buffer
has to be cleared, the Clear Key event can be used. This is typically used when a protocol should react once on
a single key stroke (e.g. execute an acquisition). In case the key would not be cleared the protocol would react
repeatedly until another key is entered.

Clear Key O Sk
p
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114.14 GOTO

Use to jump to a GOTO_Mark.

GOTO

OSkip  Delay

Mark | |

Mark: Enter the name of the mark that denotes the destination of the GOTO jump (see below).

11.4.1.5 GOTO_MARK

Creates a GOTO_Mark.

GOTO_MARK
O Skip

Mark | |

Mark: Enter the name of the mark for a possible destination of a GOTO jump.

11.4.1.6 IF...THEN

Allows the definition of conditional events. Note that the list of available channel variables depends upon the
chosen source.

IF ... THEN
OSkip  Delay
Left Source Right Source
| ADC | | = ][ Mumber |
AD-0 0.0000 I

Left Source:
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ADC: AD channel to be read

Digital In: Digital Input

Parameters: Choose from a list of parameters, e.g., Imon, C-slow......
Analysis: Choose from the list of available functions (1...16)

Value: Use one of the Values 1...16 that can be defined in the event Set Value.
In addition, results from the Analysis can be stored in these "Values" (see below).
Therefore, the "Values" constitute an important interface between the Protocol
Editor and the Analysis.

Key: Input a key command
Icon Value: Reads the value of an icon.

Repeat Count: Enter a number that will be compared with the actual Repeat
Count. If the Repeat Count is. .. then....

Sweep Count: Enter a number that will be compared with the actual Sweep
Count. If the Sweep Count is... then....

Last Sweep: If this condition is true ....

ADC

Digital In
Pararmeter
Analysis

Value

Key

Icon Value
Repeat Count
Sweep Count
Last Sweep
Sweep Aborted
Selection Failed
Break Alert
Batch Comm.
Serial Comm.
Series Name
Overflow
TRUE

FALSE

Sweep Aborted: In case a Sweep has been aborted with a Break command or condition in the Pulse Gener-
ator sequence.

Selection Failed: If the defined condition for a selection fails the loop can be interrupted.

Break Alert: The "IF Break Alert" event pops up a dialog with a title (can be specified by the user) and the
two buttons Break and Continue. A click on Continue proceeds with the first event after the IF... THEN
loop. Break executes the events within the IF... THEN loop.

Note: The Title strings must not include double quotes ("), since these double quotes are
used as separators for splitting the event text.

Batch Comm.: Checks if the last received batch control string contains a user-defined phrase (see
Controlling PATCHMASTER in the PATCHMASTER Tutorial).

Serial Comm.: Checks if the last received string of the serial port communication contains a user-defined
phrase (see chapter 5.4.9 on page 50).

Series Name: Checks if the last name of a Series contains the user-defined phrase.
Overflow: Checks if an FIFO overflow occurred ("True") on the AD/DA board.

True / False: Choose if the IF loop shall be used (True) or not (False).

Right Source:
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11.4. Events - Overview

¢ ADC: AD channel to be read v ADC
Digital In
¢ Digital In: Dig-0...15. The operators for the Digital Input set the voltage. SO
e Parameters: Choose from a list of parameters, e.g., Imon, C-slow.... Additionally, Analysis
the Timer parameter allows to time processes, e.g., reset a timer with the Display Value
Properties event and measure time lapse since this event. Number
TRUE
® Analysis: Function 1...16 FALSE
¢ Value: One of the global variables (Value-1 to Value-n) can be specified.
e Number: User-defined values are entered manually.
e True / False: Choose if the IF loop shall be used (True) or not (False).
If Operators: Select the appropriate logical operator for the IF... THEN operation.
® >: Greater than v >
&
® <: Smaller than P
* ABS >: Absolute value greater than ABS <
* ABS <: Absolute value smaller than <>
e =: Equal to -MOD-
invalid

e <>: Between the ranges of

* MOD: A Modulo operation; it is an integer operation. The modulo operator will return
TRUE, if the operation parameter value of MOD equals zero.

¢ invalid: Condition of a channel, value etc. has to be invalid.

11.4.1.7 ELSEIF...THEN

Allows a secondary conditional event, e.g. a check after an IF-THEN step. Works identically to IF-THEN, see
above.

ELSIF ... THEN
O Skip
Left Source Right Source
| ADC | [ = ][ Mumber |

AD-0 0.0000 |

11.4.1.8 ELSE

Final step of the IF condition.

ELSE
O Skip
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11.4.1.9 Launch

The Launch event allows to start another application. The path to the application is defined relative to POTMAS-
TER’s home path.

Launch
OSkip  Delay
Application
Arguments

* Application: Enter path where the application is located.

¢ Arguments: Enter command line arguments if necessary.

11.4.1.10 Macro Command

Use to execute an individual Macro Command. Many controls that can not be accessed via special events can be
controlled using Macro Command.

A listing of all Macro Command can be plotted to the Notebook using the function List All Macro Items from the
Help menu (see chapter 4.10 on page 39.)

Alternatively, you can view the Macro Command for individual icons via opening the Dialog Control window
(see chapter 2.2 on page 6.)

Macro Command

OSkip  Delay
Command
| |

Command: Enter the name of the Macro Command you wish to include, e.g., "E Zap".

11.4.1.11 REPEAT

Inserts a repeat loop. There are two types of repeat loops.

REPEAT

OSkip  Delay
| Repeat Counts | Duration
MNo. of Repeats Increment

* Repeat Counts: Repeats for a given number of repeats.

* Repeat Indefinite: Repeats in an indefinite loop.

Duration: Time between repeats.

Increment: Increments duration.

Note: REPEAT events cannot be moved in the event list!
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11.4.1.12 Switch Window

Brings the selected window in front.

Switch Window

OSkip  Delay

[Switch to Control Windoy

In the drop-down menu you can select the a POTMASTER window you want to switch to:

v Switch to Control Window
Switch to Configuration
Switch to Oscilloscope
Switch to Potentiostat
Switch to Replay
Switch to Pretocel Editor
Switch to Pulse Generator
Switch to Analysis
Switch to Analysis Window 1
Switch to Analysis Window 2
Switch to Parameters
Switch to YO Control
Switch to Photemetry/Imaging
Switch to Zero Potential (E-zero)
Switch to LockIn
Switch to Spectroscopy
Switch to Solution Base
Switch to Solution Changer
Switch to Markers
Switch to Protocel Methods
Switch to Calculator

Switch to Notebook

11.4.1.13 WAIT

Wait
O Skip

Wait Type
Duration

Wait type:

* Absolute: Waits exactly for the given delay time after the previous event.

¢ Relative: Waits for the given delay time after the actual end of the previous event (e.g., plus additional delay
times).

e Resume Icon: Waits until the Resume button is clicked (i.e. sets the WAIT button).

e Key: Waits until the specified key is entered. You can either enter a key or mark the Any Key option.

¢ Comment Alert: Will display a standard alert window where the user has to enter a new comment text. This
comment will be used as long as no other is given.
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11.4.2 Acquisition

11.4.2.1 Acquire Series

Used to execute an entire PGF sequence.

Acquire Series

OSkip  Delay

(_Edit PGF Template ] | Select PGF-Template |

Sequence [ ] Label ]

Comment

| |

Break Keys | |

Edit PGF Template: Opens the PGF template of the selected sequence in the Pulse Generator window.
Sequence: Indicates the name of the selected PGF.
Label: Enter a Series label, e.g. "Drug A".

Comment: Enter a comment to the Series. The entry is stored with the Series and therefore available in the
Comment field for the Series in the Parameter window.

Averages: A PGF sequence can be repeated several times. Only the average is stored to disk. Please enter the
number of averages acquired for one Sweep. If the box in front of the "Averages" label is not checked, then this
setting is ignored.

Break Keys: Define a key to break the acquisition of the running Series.

11.4.2.2 Acquire Each Sweep

This event allows executing other protocol events between the acquisition of Sweeps. E.g. use the Amplifier event
to execute an AutoCSlow update before acquisition of each Sweep in a Series. A repeat loop is inserted with an
Acquire Each Sweep event inside.

REPEAT Each Sweep

OSkip  Delay
Duration
Increment

Duration: Defines the total cycle time for one Sweep.

Increment: Sets a defined time increment for the Sweeps.

Acquire Each Sweep

OSkip  Delay

(__Edit PGF Template ) [ Select PGF-Template |

Seauence [ ] Label ]

Comment

| |

Break Keys | |

For a description of the Acquire Each Sweep event please refer to the Acquire Series event above.
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11.4.2.3 Acquire Properties

Acquire Properties
OSkip  Delay

HSetlt EUpdate R-membrane and |-pipette
OSetlt EWipe Display at Start
OSet It  OWrite Events to Motebook

O Set Min. Wait Time 100.00 ms

Update R-membrane and I-pipette: Compute and update the calculated I-pipette and R-membrane after every
acquired Sweep. Enable the checkbox Set It in front of this option if you really want to execute it.

Wipe Display at Start: Determines whether the display is cleared at the start of a protocol or not. Enable the
checkbox Set It in front of this option if you really want to execute it.

Write Events to Notebook: Writes the events to the Notebook window. This function is identical to the Write
button. Enable the checkbox Set It in front of this option if you really want to execute it.

Set Min. Wait Time: Sets the time POTMASTER reserves to wait for the correct time to start when executing
individual repeat loops such as acquisition of a Series of Sweeps or an Repeat loop in the Protocol Editor. Enable
the checkbox Set It in front of this option if you really want to execute it. The Min. Wait Time can also be set in
the Configuration window (see chapter 5.3.3 on page 44).

Note: A long Min. Wait Time will make the program to react very slowly. A very short Min. Wait
Time might reduce the accurate timing of the starting of events. The timing within an acquisition;
e.g sampling rate, is not affected by this parameter. Sampling within a Sweep is always accurate.

11.4.2.4 Set Sweep Label

Allows to put a label on the Sweep to be acquired next.

Sweep Label

OSkip  Delay
Sweep Label
| I

| Set in Next Sweep |

Sweep Label: Enter the name of the label into this entry field.

Sweep Label Target:

* Set in Next Sweep: The Sweep Label is acquired in the next Sweep.

® Set in Selected Sweep: The Sweep Label is acquired already in the selected Sweep.

The Sweep Label can be edited after acquisition in the Replay window by pressing the Label button.

11.4.3 Hardware

11.4.3.1 Amplifier

This event is for controlling the main amplifier settings.
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O Set Amplifier Mode

OOCP Set

O E-nitial 0.0000 V

OAuto Range Once
| AutoFilter: keep |

Set Amplifier Mode: Change the Amplifier Mode of the Potentiostat/Galvanostat.

¢ Standby: The amplifier is set to the Standby mode
* OCP: The amplifier is set to the OCP mode.
* Potentiostatic: The amplifier is set to the Potentiostatic mode.

* Galvanostatic: The amplifier is set to the Galvanostatic mode.

OCP Set: The OCP is measured and the value is transferred to E-init.
E-inital: Sets the desired initial value of the cell potential in the potentiostatic mode.
Auto Range Once: The Auto Range in the Potentiostat window is executed once to search for the best Gain value.

Auto Filter: This option automatically sets a hardware filter according to the chosen sample interval.

* keep: The status of the Auto Filter option is unaffected.
* ON: The Auto Filter option is enabled.
* OFF: The Auto Filter option is disabled.

Note: Further reference can be found in chapter 7 on page 71.

11.4.3.2 Serial Output

Use to send a string to the opened serial interface. For configuration of the Serial Output see Configuration
Window, chapter 5.4.9 on page 50.

Serial Qutput

OSkip  Delay
String
| |

String: Enter a string that will be sent to a device via the Serial Output.

Examples:
GO The command "GO" is send.
GO\r The command "GO" + <Carriage Return> is send.
GO\I The command "GO" + <Line Feed> is send.
GO\032 The command "GO" + ASCII Code 32 (<Space>) is send.

11.4.3.3 Set DAC

Set DAC

OSkip  Delay

[ DAD | = [ oooov |

OUse Dac Scaling

143 POTMASTER e June 2023 ¢ www.heka.com



11.4. Events - Overview

Channel: Select a channel for analog output.
Operation: See 11.4.5.3 on page 151.

Voltage: Enter a voltage that will be output via the given channel.

Use Dac Scaling: If this option is active then the given value is multiplied by the DAC scaling factor specified in

the Configuration dialog.

Note: The Set DAC event does not consider any scaling applied by equation or lookup table. Only
entered scale factors are considered if the Use Dac Scaling is active.

11.4.3.4 Set Digital Bit

Set Digital Bit
OSkip  Delay

Channel Dig-0 Olow

Channel: Select a channel for digital output.

low: If selected, 0 Volt will be sent via the channel. If not selected, 5 Volt (standard TTL setting) will be sent.

11.4.3.5 Set Digital Word

Set Digital Word

Digital Word [__ 0]

Digital Bits ©.1234566789012345
igtal Blts - mopopooooooooooood

OSkip  Delay

Digital Word: The entered number will be automatically translated into the digital bits.

Digital Bits: Allows selecting the digital bits individually.

11.4.3.6 Set Solution Changer

Solution Changer

OSkip  Delay

| off |
O Set Marker |

Solution: Select a Solution (1-16) at the connected Perfusion System.

Note: The output channels and their aligned solutions have to be defined first in the Solution
Changer dialog (chapter 19 on page 225).

Set Marker: If selected, a Marker will be set when the Solution is changed by the Solution Changer event. The

label of the Marker can be entered in the entry field behind.
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11.4.4 Data/Display

11.4.4.1 Analysis

Analysis
OSkip  Delay

| Analysis: Use Given Method |
Mame | | (Edit ]
| MNo Wipe |

1234567890123456
O Set Graph Pos. O0OOOO0O0O000OOOOOOO
OOoOooOoooooooooono

Analysis Mode:

* Analysis: Keep: Preserves the current settings of the Analysis.

* Analysis: Use Given Method: Sets the Analysis mode to Use Selected Method and selects the Analysis
Method specified in the field Name.

* Analysis: Use Selected Method: Sets the Analysis mode to Use Selected Method and uses the active Analysis
Method.

¢ Analysis: Auto Stim Control — Pool: Sets the Analysis mode to Automatic Stimulus Control: Pool and uses
the Analysis Method specified in the PGF sequence.

* Analysis: Auto Stim Control — Assigned: Sets the Analysis mode to Automatic Stimulus Control: Assigned
and uses the Analysis Method which was assigned to the PGF sequence.

* Analysis: No Analysis: The Analysis is deactivated.

Name: Enter the Analysis Method you wish to start.
Edit: Opens the Analysis window with the given method for direct editing.

Wipe: Can be used to wipe individual graphs or all graphs at once.

* No Wipe
* Wipe All Graphs
* Wipe Graph 1...16

Set Graph Pos.: Activate the checkbox in front to apply the Graph Positions to the selected Analysis Method.

11.4.4.2 Digital Filters

Defines the cut-off frequencies of digital filters in Hz for Trace 1...16 (1 — 16) and Buffer 1...4 (B1 — B4). The
checkbox is used to mark which of the filters are to be set.

Digital Filters O Skip Delay
01 [oo000 |O2 [o0000 | O3 [0000 | O4 [ 0000
o5 [0.000 06 [0000 | O7 [0.000 | O8 [0.000
09 [0000 | O10[0.000 | O11 [ 0.000 | ©12[ 0.000
013 0.000 | 014 | 0.000 | O15{ 0.000 | 16 | 0.000
OB1| 0.000 | @B2| 0.000 | OB3{ 0.000 | OB4| 0.000 |
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11.4.4.3 Display Properties

Use to control settings of the Display menu and the Oscilloscope window.

Display Properties
OSkip  Delay

O Wipe Osci O Wipe Analysis O Reset Timer
| Overlay Series: keep | Overlay Sweeps: keep
| Subtract Leaks: keep | | Subtract Zero- keep

| Showleaks: keep | | Show Tree Info- keep |

1234567890123456
O Show Traces HEEHEEFEEEEERERHEERE

Wipe Osci: Deletes all displayed data in the Oscilloscope window.
Wipe Analysis: Deletes all displayed data in the Online windows.

Reset Timer: Resets the timer in the Oscilloscope window. These options are also described in section 4.5 on
page 29.

Overlay Series and Overlay Sweeps:

* keep: Keep the state that was set before this event.
¢ ON: Overlay on.
¢ OFF: Overlay off.

Subtract Leaks:

* keep: Keep the state that was set before this event.
® ON: Subtract leak signals on.

e OFF: Subtract leak signals off.
Subtract Zero:

* keep: Keep the state that was set before this event.
* ON: Subtract zero offset on.

e OFF: Subtract zero offset off.
Show Leaks:

¢ keep: Keep the state that was set before this event.
¢ ON: Show leak signals on.
* OFF: Show leak signals off.

Show Tree Info:

* keep: Keep the state that was set before this event.

® ON: Show Tree Info in the Notebook - on.
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e OFF: Show Tree Info in the Notebook - off.

Show Traces 1...9, 0...6: Changes the show flag of all 16 Traces. This function can be used to show only a subset
of acquired Traces in the Oscilloscope window (see chapter 4.5 on page 29). Note that you have to mark Show
Traces for the changes to take effect.

11.4.4.4 Export

Exports the acquired data according to the export settings made in the Replay menu. Unless you activate the
checkbox Full Sweep only the displayed data is exported (see chapter 4.4 on page 23).

Export OSkip  Delay
Filename
| |
Target
| |
O Owverwrite O Full Sweep

Filename: Define a name for exported file according to the auto filename components described in the Configura-
tion (see chapter 5.5.2 on page 52).

Target: Declares the Target Specifier in the tree. 4 comma separated integers are allowed, specifying the index of

n,n

Group, Series, Sweep and Trace (Gr_Se_Sw_Tr). "+" and "-" define relative index from the present selection. An
index of "0" defines the present selection.

Examples:

e "0": Exports the present Group.

* "0,0": Exports the present Series.

* "0,0,0,0": Exports the present Trace.

* "0,-1": Exports the previous Series of the present Group.
* "1,4" Exports the 4t" Series of the 1°* Group.

* "1,1,4,1": Exports the 1! Trace of the 4'" Sweep of the 1! Series of the 1°* Group.

Overwrite: Enables to overwrite already existing output files.

Full Sweep: The full Sweep is exported independent of what is shown in the Oscilloscope.

11.4.4.5 File Operation

File Operation
OSkip  Delay
|  Store Data: keep || Save after Break: keep |
OClose File
O New Group
: Label | |
O Mew Experiment
O New File OUpdate File OFile Status

Store Data:

147 POTMASTER e June 2023 ¢ www.heka.com



11.4. Events - Overview

o keep: Keeps the status that was set before this event (either ON or OFF of the Store button).
® ON: Acquired data will be saved to disk. This corresponds to the active Store button.

® OFF: Data will not be saved to disk. This corresponds to the deactivated Store button.
Save after Break:
e keep: Keeps the status that was set before this event (either ON or OFF of the Save after Break parameter in
the Configuration window).

® ON: Acquired Sweep data will be stored if the Sweep was terminated with the Break command.

¢ OFF: Sweep data will not be saved to disk if the Sweep was terminated with the Break command.

Close File: The data file will be closed.

New Group, New Experiment, New File: A new group, experiment or file can be created. The ability to be able
to create a new data file is very convenient when the auto file name generation is used.

Label: It is active when a new group or a new experiment is created and it specifies the group label.
Update File: Updates and saves the file.
File Status: Prints the file status to the Notebook (see chapter 4.1 on page 17).

11.4.4.6 Replay

Data of the opened file can be replayed.

eplay OSkip  Delay
| Series || SelectLast |
O Marked Only
O Wipe Osci
O Wipe Online

Select the target level of data which should be replayed:

¢ Nothing: Nothing is selected.

e Root: Select the Root.

Group: Select the Group.

Series: Select the Series.

Sweep: Select the Sweep.

Trace: Select the Trace.

The options refer to the target level selection (see above).

¢ Select Next: Selects the next target (no replay).
® Select Present: Selects the present target (no replay).

¢ Select Last: Selects the last target (no replay).
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* Replay Next: Selects the next target and replays the data.
* Replay Present: Selects the present target and replays the data.

* Replay Last: Selects the last target and replays the data.

More options can be selected via the checkboxes:

Marked Only: Only marked data in the Replay tree will be affected.
Wipe Osci: Deletes all displayed data in the Oscilloscope window.
Wipe Online: Deletes all displayed data in the Online window.

11.4.4.7 Trace Buffer

Trace Buffer

OSkip  Delay

| Source Trace-1 || no operation || Buffer-1 |
0 Ciear B

O Update Display O Update Analysis

Trace Buffer Source: Define the data source you want to operate with.

Operation: Define the operation which should be applied to data before storing it in a Buffer.

* no operation

e add to

e subtract from
e accumulate in

¢ deaccumulate from

Target: Select the target Buffer (Buffer 1...4).
Replace: Replaces the selected Trace with the Buffer
Clear Buffer: Clears the target Buffer before storing the data.

Scaling:

* no operation

* Scale: Scales the Trace Buffer Source (Trace is selected) or Buffer (Buffer is selected) with a specified Factor
and Offset.

[ Scale | Trace |Factor|1.0000 | Offset| 0.0000 |

e Equation: Calculates the scaling of the Buffer via an equation. For details on the equation syntax please
refer to Equation Syntax, chapter 21.1 on page 232.

| Equation | |(Edit )

Update Display: Updates the display of the Buffer in the Oscilloscope window.
Update Analysis: Updates the display of the Buffer in the Analysis graphs.
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11.4.5 Value/Parameter

11.4.5.1 PGF Parameters

PGF parameters can be set or modified during the protocol to automatically adapt the acquisition sequences.

PGF Parameters

OSkip  Delay

| PgfParameter-4 || = [ o0ooo0 |

PGF Parameters 1...10: Specify a PGF parameter to be set.

Operation: To modify a PGF parameter the following functions can be used.

¢ Functions working on manually entered Values:

increase by

decrease by

multiply by
- divide by
¢ Functions working on global Values:

- =value

- inc by value
— dec by value
- mul by value

- div by value
Value: Manually entered value or selection of a global Value (see PGF Parameters, chapter 10.16 on page 130).

Note: Please keep in mind that the stimulus amplitude is given relative to 1 V or 1 nA in voltage
clamp and current clamp mode, respectively. le., to obtain a stimulus amplitude of 100 pA in
current clamp mode you have to enter a value of "100m” (= 0.1 * 1 nA).

11.4.5.2 Set Solutions

Solutions

OSkip  Delay

O Set Internal 0 .
[0 Set External 0 .

O Set Marker | |

Set Internal: User-defined index number for the internal solution. Activate the checkbox to apply the setting.
Set External: User-defined index number for the external solution. Activate the checkbox to apply the setting.

Set Marker: Set a solution marker when the solution is changed. In the entry field a label for the marker can be
defined. Activate the checkbox to apply the setting. See also Solutions, chapter 18 on page 221.
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11.4.5.3 Set Value

Allows you to freely define and store values that can be used in an IF... THEN event such that the If event can
make decisions based on these stored values. The values can also be set via "batch control”, thus allow triggering
an IF decision by an external input, see Controlling Patchmaster in the PATCHMASTER Tutorial. In addition,
results from the Analysis can be stored in these values (see Analysis Functions, chapter 13.3 on page 181).
The values, therefore, constitute an important interface between the Protocol Editor and the Analysis.

Set Value

OSkip  Delay
[ Value-1 || = [ ooooo |
| don't copy |

Value 1...16, User 1-2: Refers to the global Values and the User Parameters. User Parameters can be defined in
the Configuration window, see I/0 Parameters, chapter 5.7.2 on page 59.

Operation: Set value to. ..

y’ =
¢ manually entered values: increase by
multiply by
o = modulo
o increase by keep
o multiply by = item
o divide by ine by item
o modulo dec by item
mul by itemn
o keep: no change to the value L
div by itermn
* an Item: = param
inc by param
o =item dec by param
o inc by item mul by param
o dec by item div by param
o mul by item
o div by item
= value
e Parameters: inc by value
dec by value
O = param
inc b mul by value
o Inc aram
yp div by value
o dec by param - analysis
o mul by param inc by analysis
o div by Pparam dec by analysis
mul by analysis
¢ Global Values: . :
div by analysis
o =value = equation
= input

[¢]

inc by value

= batch comm. value
o dec by value

o mul by value

o div by value
* Analysis results:

o = online
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¢]

inc by online

[}

dec by online

[¢]

mul by online

[¢]

div by online

® equation results: = equation. An equation can be entered to compute a value. For details on the equation
syntax please refer to Equation Syntax, chapter 21.1 on page 232.

¢ =input: A dialog opens for user input of a new numeric value.

e =Dbatch comm. value: A value received via the batch communication interface is assigned to the respective
value.

Value:

* in case of constant value: Enter manually the constant value.

e in case of Item operation: Enter the item ID, e.g. "E CFastTot" to read the value of a program control (here
compensated C-fast value). For a description how to get info on the control IDs please refer to Modifying
Dialogs and Controls, chapter 2.2.3 on page 10.

¢ in case of Parameter operation: Choose a parameter from the selection.
¢ in case of Value operation: Choose one of the 16 global Values.

¢ in case of Analysis operation: Choose one of 16 Analysis results.

Copy:

¢ don’t copy: No further operation.
e copy to item: Copies the value to a specified item.
¢ add to item: Adds the value to a specified item.

e multiply to item: Multiplies specified item with the value.

11.4.6 Messages

11.4.6.1 Annotation

Use this function to add comments to your protocol and improve the readability.
Annotation

Annotation

Text can be entered that will be shown in the event list.
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11.4.6.2 Beep

Use to execute acoustic alerts.

Beep

OSkip  Delay

An acoustic signal will be output. This only works if your computer is properly equipped for sound (e.g. sound
card, loudspeakers...).

11.4.6.3 Write Icon Value

Outputs the value of the specified icon into the Notebook like this:
[Title] [ItemID]: [value]

Write Icon Value

OSkip  Delay
|

Title |
temID | |

® Notebook ® LF

O Alertbox

Title: Title for the Item ID, leads to an improved readability of the output but is not mandatory.

Item ID: Unique identifier of the icon. Can be inspected by opening the Icon configuration dialog (see Modifying
Dialogs and Controls, chapter 2.2 on page 6) — it is given in the title of that window.

Notebook: Writes to Notebook.
Alertbox: Opens an Alertbox containing the text.
LF: When LF is on, a linefeed signal is appended.

Icon Text / Icon Value:

¢ Icon Text: Writes the text from a field. For example from the icon E Gain would return "1.0 mV /pA".

¢ Icon Value: Writes the value of a field. For example from the icon E Gain would return "8.0", meaning the
8th item of the Gain list corresponding to "1.0 mV /pA".

11.4.7 Extensions
11.4.7.1 ElProScan

Note that the E1ProScan Extension has to be active to allow the editing of the following events (see Configu-
ration, chapter 5.4.8 on page 49.

The EIProScan event enables users to modify the motor and scan parameters.

OSkip  Delay

| Absolute Position

O Set X-Position 0.000 pm
O Set Y-Position 0.000 pm
O Set Z-Position 0.000 pm
O Set Piezo-Position | 0.000 pm
| Mo Scan
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Position:

* Absolute Position: The motors can be moved to an absolute position by entering the destination position
* Relative Position: The motors can be moved by a certain distance.

X-Position: Enter a value into the entry field to define a X-Position. Enable the checkbox in front to activate the
entered value.

Y-Position: Enter a value into the entry field to define a Y-Position. Enable the checkbox in front to activate the
entered value.

Z-Position: Enter a value into the entry field to define a Z-Position. Enable the checkbox in front to activate the
entered value.

Piezo-Position: Enter a value into the entry field to define the Piezo-Position. Enable the checkbox in front to
activate the entered value.

Scan Mode:

® No Scan: No scan will be performed.

¢ Tip-Down: Moves the electrode towards the substrate in Z-direction.

e Pull Up: retracts the electrode from the substrate in Z-direction.

¢ DepthScan: A two dimensional scan in the X-Z plane can be performed.
e 2D-Scan: A line scan along one of the three axis can be performed.

e 3D-Scan: A two dimensional scan in the X-Y plane with correction of the Z-axis height to compensate for a
double tilted substrate can be performed.

® Matrix Scan: A Series will be executed at each scan point of a two dimensional plane.
* Template Scan: Like a Matrix Scan but using loaded template.

® Const-Dist 3D: Like a 3D-Scan but using a constant distance.

* Const-Dist Matrix: Like a Matrix-Scan but using a defined constant distance.

¢ SF-Spectra Scan: Performs a Shear-Force scan to determine the test frequency.

e Fast 3D Scan: Can only be used if X and Y piezo motors are present. A two dimensional scan in the X-Y
plane with correction of the Z-axis height to compensate for a double tilted substrate can be performed.
Exclusive use of piezo motors in all directions.

¢ Fast Matrix Scan: Can only be used if X and Y piezo motors are present. A Series will be executed at each
scan point of a two dimensional plane. Exclusive use of piezo motors in all directions.

e Fast C. D. 3D Scan: Like a Fast 3D Scan but using a constant distance mode from the EIProScan Menu.

e Fast C. D. Matrix Scan: Like a Fast Matrix Scan but using a constant distance mode from the ElProScan
Menu.

¢ Surface Tracked 3D Scan: Like a 3D Scan but keeping a constant distance to the substrate
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11.4.7.2 Photometry/Imaging

Note that the Photometry Extension has to be active to allow the editing of the following events (see Config-
uration, chapter 5.4.7 on page 48 and Photometry Extension, chapter 22 on page 237).

Photometry

OSkip  Delay
O New Resting Wavelength E

O Set Resting Wavelength

O Set Mew Wavelength |I
O Set New Speed |I
O Open Shutter

OClose Shutter

New Resting Wavelength: Sets the variable Resting Wavelength to the given value.

Set Resting Wavelength: Sets outputs Resting Wavelength. Note that this function is called "Close shutter" for
those systems that have a shutter. In this case, the option New Resting Wavelength disappears.

Set New Wavelength: Sets a specified wavelength.
Set New Speed: Sets a new speed setting of the filter wheel.

Open Shutter / Close Shutter: Note that this function is called New Resting Wavelength for those systems with-
out shutter (see above).

Note: The amount of available options for the Photometry event depend on the type of photometry
device selected in the Configuration window.

11.4.8 Echem-Methods

The Echem-Methods of the Protocol Editor are explained in detail in chapter 12 on page 157.
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12 Protocol Editor Window - Electrochemical
Methods

The electrochemical methods are a special feature of POTMASTER. They differ from other operations in the Proto-
col Editor because they automatically create a transient Pulse Generator Sequence and an Analysis Method upon
execution of the protocol. Transient means that they will not be saved with other changes made in the Pulse Gen-
erator Window and Analysis Window, but instead created or overwritten when executing the protocol. Therefore,
if changes should be made by the user to both the Pulse Generator Sequence and Analysis Method a copy with a
new name of the created Pulse Generator Sequence and Analysis Method has to be made.

The idea of these E-Chem Methods for standard electrochemical techniques is that the user does not have to create
a complex Pulse Generator Sequence with several segments and an Analysis Method from scratch, but instead a
standardardized method can be executed immediately where only measurement parameters have to be entered
in the Protocol Editor.

In the following, the process of executing an E-Chem Method is explained for the example of the
Cyclic Voltammetry Method.

1. Create a new Protcol in the Protocol Editor Window and give it a meaningful name. We chose "CV-Method".

2. The operation E-Chem Methods — Cyclic Voltammetry is added to the protocol. By clicking on it in the
protocol list on the left (black background when selected), a window appears on the right side where the
parameters for the experiment are defined. Insert the desired parameters and close the Protocol Editor
Window.
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E Protocol Editor: DefProtPot E\@

1{EE D 2(EIS-Method] 3({DCP-Method] 4EQWV-Methy 5( ) 6 1 Jele]
— CV example — |<|  LOAD ) MERGE )|_ SAVE | | CV-Method |
2 REPEAT: Owner=CV &
3. CV: Start= 0.000V, Revi=-1.000V, Rev2=1.0(|FN S AR D
4- END REPEAT ] [ Record Macros :l l: MOVE :]I: DELETE :]
E[ Relative Value ]
|=| Events | Jof4 || Insert Before I Insert After |
ed [ Duplicate ]( Delete ][ Move )

Cyclic Voltammetry

OSkip  Delay
Start/End Potential

O Use E-init O Keep at End O Auto Ranging
Reversal Pot.1 @ Increment I:
Reversal Pot.2 @ Increment |:
Scan Rate @ Increment | 0.00 Y
Mumber of Cycles |I O + 1 end cycle

Anodic Peak:  between | 20100V |and | 0100V |
Cathodic Peak: between | 0100V |and | -0100 V
| Baseline: Zero | [ 00:00:06.000

Parameter Window

Repeat Status
IF etc. Result
[ STEP J(TOEND )  Write ] y

3. In the Control Window you can now see and execute the Protocol "CV-Method".

E Control Window E\@
[ idle |_10:26:07 || 02:04:45 (Set| S0 (Break ) (_Stop ) [ Next J(_Wait_) [Resume]
Comment | | Average

peF  [o[¢] 1D 2 ) 3( ) A ) 5( ) 6( | BE
Protocol 1R L) 2[EISMethod) 3DCP-Methoj 45QWV-Meth 5( 1 6 K |a>]t>|é

4. When executing the Protocol a PGF called "CV" is created and appears in the Control Window and an Anal-
ysis Method is created.

E Control Window E\@
IETT TP 10:28:20 |[ 02:06:58 [Set] (ST (Break ) (“Stop ) [ Next ) (_Wait ) (Resume]
Comment | Average :l

per  [a]a] 1 TNew ) 205D 3 ) 4 ) 5( ) 6( 2 Jele]
Protocol 1R L) 2[EISMethod) 3DCP-Methoj 45QWV-Meth 5( 1 6 I BE

5. You can open the Pulse Generator Window to view the newly created Sequence called "CV".
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E Pulse Generator File: DefPgfPot

=I®s

[ Full View 1 Condensed View | Cartoon View )
EE 1 _nNew ) 2D 3 ] af 1 8( 16 IR E
Pool [ LOAD J[ MERGE J[_ SAVE | Name | cv | NEW I COPY J MOVE ){_ DELETE J{_ LIST )

@ Interactive Mode 2 Gap Free Mode Mot Stored

EXECUTE

Timing
Mo of Sweeps Sweep Length  Total 5.000 s [ 1200000 pts
Sweep Interval Stored 4.000 5 50000 bytes
Sample Interval Stimulus 6.000 s 1200000 pts
Stimulus = DA AD Unit Link Compr. Points Store Zero
StimScale Imon-1 J A ] 1 1268 JCy 6250 | B | 0

Emon-1 J V| 1 128 JC{ 6250

O0&
] D

Segments [4]<1] 1 [First Swd 2 [First Swd 3 [Stored | 4 [Stored | 5 6 [La
Segment Class Constant Ramp Ramp Ramp Ramp Ramp
Potential [V] 0.000 -1.000 1.000 -1.000 -1.000 0.000 Potentiostatic
Duration [s] 0.000 1.000 2000 2000 0.000 1.000 Filter Factor
E-incr. Mode 384 0 (521 Hz
E-fact fincr. [V] Analysis:
t-incr. Mode Ccv
Scan-fact.fincr. Rel X-seg 3
Scan Rate [V/s] 1.000 1,000 1.000 1.000 1000 | RelY-seg [ 3
Draw- Active Channel,_all Sweeps] Delay- DA[ 000 s | AD[560 ps| E.jnitial [V] (display)

0.000 O Set Last Seg. Amplitude

p2 p3 p4 p5 pb p7 pd p3d pl0
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Traces

6. You can open the Analysis Window to view the newly created Analysis Method called "CV".
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E Analysis: DefAnalPot

=] 2 =

| Auto Stim Contral: Pool

Analysis Methods: Analysis Pool

[l (Do )2 QIS (

)4 [ J[o]0]

| Cursors Relative to Trace

{_ Load ][ Merge 1{ Save ] CV |_New ) Copy )
[ Move )( Delete |

Analysis Functions

T 2( Emon ) 3( Rate 1 ) 4( I Peak a [e]e]

Function Type Trace (Change ) [ New [ Copy J( Move )
Name [ mon

Input Output

Y-Trace | Trace 1 |

Cursors Operation Options

X-Y-seg Offset [ 0 | ©

(Cursor Bounds (%)) 0.0 | 100.0

Analysis Graphs
On | (_ Graphz | Of | Graph3 J_of | [&]0]
{ SavetoTree J{ Copy J[ Print ]
Scale Axis [ Overlay EOvwrSwp Graph Entries
Min Max Scale O] O
X 0.00 0.00 Auto Swp. ¥ | E-mon l-mon l-mon |-mon
¥ | -120m | 120.m | Auto Swp. Y | l-mon l-mon l-mon I-mon

Modify Axis OShare Xaxis [ [

)

Graph Positions 123456789012
Graph in Windew 1 HEOOOOOOOOOO
Graph in Windew 2 OOOOOOOOOOOO

7. 1If you want to make changes to this Pulse Generator Sequence or this Analysis Method, you have to make a
copy with a different name. The automaticly created Pulse Generator Sequence "CV" and Analysis Method
"CV" will be overwritten upon repeated execution of all Protocols using the Cyclic Voltammetry
Method. Also, the Pulse Generator Sequence "CV" and Analysis Method "CV" will not be saved with the

other Pulse Generator Sequences and Analysis Methods.

[E Pulse Generstor File: DefPgfPot =] @ ==
I Full View |_Condensed View | Carloon View |

[al=l 1 New 2 cV. Bl Cv-rev_pot JENN ) 5[ ) B[ J[ele]

Pool [ LOAD ) ( MERGE Name [__CV-rev pot | [_ NEW _){_COPY DELETE )[_LIST
@ Interactive Mode £ Gap Free Mode

Timing | Checking EXECUTE
No of Sweeps Sweep Length Total 11.00 s 2200000 pts
Sweep Interval StartSeg Stored 10.00 s 122 kb
Sample Interval [5.00 ps ({200 kHz| StartTime| Stimulus 11.00 s 2200000 pts

Stimulus -> DA it Li Zero

StimScale 1A I
Potentiostatic

F\\ter Factor

Segment Class
Potential [V]
Duration [s]
E-incr. Mode

iz} o | = [=

[ Auto Stim Control: Pool |
Analysis Methods: Analysis Pool

[Glef C Defz )2 cov )3 EEEEE=W4AC Gk

Load Merge ) [ Save || CV-rev_pot [__New J[_ Copy
e ) Dste )

Analysis Functions

5] 1 G 2 Emon 3(_ Rate 1 4 1Peak a

Function Type | Trace | Changs)
T
Input Output

Cursors Operation Options

X-, Y-seg. Offset 0

E-fact fincr. [V]
t-incr. Mode

Scan-fact fincr.
Scan Rate [V/s]

Rel Y-seg

Cursor Bounds (% 0.0 100.0
Cursors Relative to Trace

Analysis Graphs

Graph 1 IS Graph 2 Off | (_ Graph3 |_Of | [&]¢]

Ei |n|||a| [V] {dlsplav)
O Sot Lass Sag Amp

pl p2 p3 pd pS pb pi_ p8 p9 p10
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Traces

Save to Tree Copy
Scale Axis [EOverlay ROwISwp
Min Max Scale
X 0.00 0.00 Auto Swp.
-120m | 120.m | Auto Swp.
OIShare X-axis
Graph Positions 123456789012
Graph in Window 1 ERO000000000
Graph in Window 2 000000000000

Graph Entries

E mon |-mon I-mon I-mon

| Imon | I-mon | lmon | I-mon
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12.1 Cyclic Voltammetry (CV)

Cyclic Voltammetry (CV) is one of the most commonly used electrochemical methods. It is also called Triangular
Wave Method, because a triangular potential time curve is applied at the working electrode by a function generator
in potentiostatic mode. A redox system of interest is investigated at the working electrode by recording the
current which results from the triangular stimulation. The speed of potential change during the anodic and
cathodic ramps of the triangular wave is characterized by the Scan Rate. Cyclic Voltammetry is used as steady
state method (slow Scan Rates <1 mV/s) and also transient method (fast Scan Rates >10 V/s). The method
is used for analytical applications of common electrochemistry, applications for battery research, investigation
of fuel cells, characterization of electrocatalysis, electrode characterization in electrolysis cells, investigation of
new electrode materials, characterization of sensors, corrosion investigation, investigation of chemical following
reactions and electron transfer reactions.

A cycle, i.e. in the convention of POTMASTER one whole Sweep, starts with the first reversal potential (Reversal
Pot. 1). From here a linear Sweep with a constant scan rate reaches the second reversal potential (Reversal Pot.
2). This is the first Segment of the PGF Template (also defined as Relevant Segment). From the second reversal
potential (Reversal Pot. 2) we apply a potential ramp with constant scan rate back to the first reversal potential
(Reversal Pot. 1). This is the second Segment of the PGF Template.

The cycle is enclosed by a start phase (Segments of type First Sweep) and an end phase (Segments of type Last
Sweep), which are not shown and stored. The start phase runs a linear Sweep from the start potential to the first
reversal potential. The end phase runs a linear Sweep from the first reversal to the second reversal and then back
to the start/end potential. This makes the entire CV stimulus symmetrical with respect to oxidation and reduction
processes.

‘rl .'.'
Nk 5.0y

2 - 5 ——————
£.UJS s e S \

If the numbers of cycles is larger than one, additional cycles (see red and black ramps in the figure above) are
executed in the Gap Free Mode. Note that the green parts are executed only at the beginning and at the end of the
recording.

12.1.1 CV Parameters

Cyclic Voltammetry

OSkip  Delay
Start/End Potential | 0.000 V

O Use E-init O Keep at End O Auto Ranging
Reversal Pot 1 0100V | Increment | 0.000V
Reversal Pot 2 0400V Increment | 0.000V
Scan Rate 200 mVis| Increment | 0.00V/s .
Number of Cycles 3 O + 1end cycle

Anodic Peak: between | -0.100V [and [ 0.100V |
Cathodic Peak: between | 0.100V Jand [ 0.100 V
| Baseline: Zero | | 00:02:40

Start/End Potential: Potential at which the start phase begins and the end phase stops. At the start of the CV the
potential steps from the initial potential to the Start/End Potential.
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Use E-init: If checked, the initial potential is used as Start/End Potential.
Keep at End: If checked, the Start/End Potential is set as new initial potential.

Auto Ranging: If checked, the complete CV method will be executed multiple times until it has reached the
optimal current range. Only the last CV will be stored.

Reversal Pot. 1: By definition, the CV should start with the more negative reversal potential.

Increment: If multiple cycles are executed the first reversal potential can be altered by a fixed increment from
Sweep to Sweep.

Reversal Pot. 2: By definition, the second reversal potential should be more positive than the first one.

Increment: If multiple cycles are executed the second reversal potential can be altered by a fixed increment from
Sweep to Sweep.

Scan Rate: Anodic and cathodic Sweeps use the same Scan Rate (see also 10.6 on page 103).
Increment: If multiple cycles are executed the scan rate can be altered by a fixed increment from Sweep to Sweep.
Number of Cycles: If the number of cycles is larger than one, multiple Sweeps are executed in Gap Free Mode.

+1 end cycle: This option ensures a symmetric amount of anodic and cathodic peaks. Therefore the last cycle will
be prolonged until the last cycle is completed.

Anodic Peak: The Anodic Peak will be analyzed as Maximum in the segment scanning from Reversal Pot. 1 to
Reversal Pot. 2. Scanning towards positive potentials is required. The voltage range for analyzing the maximum
current can be defined.

Cathodic Peak: The Cathodic Peak will be analyzed as Minimum in the segment scanning from Reversal Pot. 2
back to Reversal Pot. 1. Scanning towards negative potentials is required. The voltage range for analyzing the
minimum current can be defined.

Baseline: For the peak analysis you can choose if the Baseline should be zero or a line drawn through the inter-
sections between current and cursor lines.

Total Length: This display field shows the total length of the CV protocol (1 Sweep).
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12.1.2 Acquiring a Cyclic Voltammogram

You start the electrochemical method by executing the protocol, which contains the method.

322} Analysis Window 1 (ee=]|m 25micron_elec

--.Cyclic Voltammetry. .. .. P cmememreeemeaeaae. . 16 Bof10 | Measure (Sc

-3.00nA L X 200s Y-1.00nA Y 393 mV
-150 -100 -50.C 0. 50. 100 150 200 250 300 350 400 450.mV [ [o--------to--moeoeooooostio ot

= Notebook_28-Nov-2014 felle =]

28-Nov-2014 10:15:38
Sweep #, Rate3[V/s], I-Peak a[A], E-Peak a[V], I-Peak c[A], E-Peak c[V]

8, 160.00m, 4.89%78n, 252.94m, -2.2728n, 99.195m

o | IS

In the Oscilloscope Window the recording is shown versus the time. The method creates a standard Analysis
Method "CV", which plots the cyclic voltammogram in Graph 1 and analyzes anodic and cathodic current peaks
and the corresponding peak potentials. The results are plotted into the Notebook.

The raw data recorded by the Cyclic Voltammetry method are stored in the data tree as Series with multiple
Sweeps. Each Sweep containing the current and the voltage Trace.

{ovor N 2y

-

I'
I'

The parameters of the method, which were used during the acquisition of the data, can be viewed in the Acquisi-
tion Method window. The window can be opened either via selecting Show Protocol Method in the Replay
menu or via selecting Protocol Methods in the Windows menu.
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Acquisition Method EI@
Series Mame | CcvV | 11 |

Method Name | cv |

Method Text:

Ccv ( 0.000s): UseEinit. Rev1=-100.0mV,

Rev2=900.0mV, Rate= 60.00mV, Amin=-100_0mV, Amax= 900.0mV, Cmin= 900_0n|
Cmax=-100.0mV, Dur= 80.00s

Start/End Potential

K Use E-init O Keep at End O Auto Ranging
Reversal Pat.1 Increment
Reversal Pot.2 Increment
Scan Rate 50.0 m\is| Increment

Number of Cycles 1
Anodic Peak: between | -0.100V [and | 0.900V
Cathodic Peak: between | 0.900V |and | -0.100 V
| Baseline: Zero | [ 00:01:20 |

[ Copy To Analysis ][ Copy To Protocol ]
o

The protocol event itself can be copied in the currently active protocol or the corresponding Analysis Method
copied to the currently opened Analysis pool.

12.1.3 Customizing the Analysis Method

If you are acquiring multiple CVs at different Scan Rates, you might to want to extend the standard CV analysis
by a plot of I-Peak versus square root of the Scan Rate.

Replay the Series that contains the CV data. Then open the Analysis window and select the Analysis Method "CV".
Press Copy to create another method (default name CV-1), where you can make your changes. Remember: The

transient Analysis Method "CV" will be overwritten upon repeated execution of all Protocols using the Cyclic
Voltammetry Method and not be saved.

| Auto Stim Control: Pool |
Analysis Methods: Analysis Pool
[ofalt C__CV )2 (VRIS ( )4 [ DR
(Load J[ Merge |(_ Save ]| CV 1 | New J( Copy |
[ Move [ Delete )

Analysis Functions

[al<] 1 QT 2(_ _Emon ) 3(_ Rate 1 ] 4(_ Peak a J[&]D]

Function Type Trace [ Change ) [ Mew 1 Copy [ Move )
Name -mon

Now, you have to define a new Analysis Function. In the Analysis Function section in the lower part of the
Analysis window press New and select the function sqrt from the Math group. You can assign a name to the

function and have to set the index of the Analysis Function of the Scan Rate (here number 3) as input for the
square root function.
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Analysis Functions
[GTa] 8(_CV-max ) 9(__Cv-min ) 10(CCEETEEDD 14( TeTo]
Function Type sqr Change ] [ New ) Delete ][ Move ]
Mame | sqr{scan rate)
Input Qutput
| sqr | 3 | B Notebook

| Mot Stored in Values

If you are replaying the data again, the square root of the Scan Rate will be written in the Notebook as additional
result. Now we want to define a graph that plots I-peak versus sqrt(scan rate). In the lower section of the Analysis
window switch to Graph 2 and turn it on. Then, select sqrt(scan rate) as "X’ and I-Peak_a as "Y’. Make sure that
the little box above is checked.

Analysis Graphs
[ola](_ Graph1 [ On | (ENEIETTPANN On | [ Graph3 [ OF j[e]0]
[ SavetoTree )( Copy 1( Print ]( Redraw )
Scale Axis [ Overlay Graph Entries
Min Max Scale 1

K| 200m | 450.m | Auto Swp. X |sgriscan ] |-mon l-mon I-mon
Y | 4.00n 6.00n | Auto Ser. ¥ ||-Peak_a| |-mon l-mon I-mon

Modify Axis OShare X-axis [ . J( .. J . 0 .. ]

Graph Positions  12345672890123456
Graph in Window 1 HEOOOOO0O0OCOOOOOOCO

Finally, you have to define in which Analysis window the Graph 2 should be shown. On the bottom of the Analysis
window, in the section Graph Positions make a check in the second box of the upper row. This means, that the
Graph 2 is shown in Analysis Window 1.

After another replay of the Series you should see the second graph which plots I-peak versus square root of the
Scan Rate in the Analysis Window 1.
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- - FCr= I e -
=] Analysis Window 1 (=l@]=]]|E 25micron_elect
6.00ma[--- I-mOR L. ...Cyclic Voltammetry. 75 0010 | (Measure )( Scan
5l ' ' [ ! N I,,,
4.
3. D r o i A R N
2. ' :
1Y R B e £ St e N B e e e e e L L B e T i....
4.00nA X:200s Y:-1.00nA Y 393 mV
200.m 263.m 325.m 388 asg.m | Jfo-o- SRR R L R PR TR
I
| Notebook_28-Nov-2014 fo ==
Sweep #, Rate3[V/s], I-Peak_a[A], E-Peak _a[V], I-Peak c[A], E-Peak c[V], sqr(scan rate) (=]
2, 40.000m, 4.2733n, 311.64m, -1.7156n,  52.490m,  200.00m
3, 60.000m, 4.3974n, 283.27m, -1.8073n, 66.418m,  244.95m
4, £0.000m, 4.5144n, 275.18m, -1.9035n, £0.112m, 282.84m
S, 100.00m, 4.6109n, 264.85m, -1.9994n, 87.054m,  316.23m 1
6, 120.00m, 4.7042n, 261.24m, -2.1051n, 90.954m,  346.41m =
< | ’H

12.1.4 Customizing the CV Acquisition Sequence

Upon execution of a Protocol which contains the E-Chem Method Cyclic Voltammetry a transient Pulse Generator
Sequence is created. This Pulse Generator Sequence will be overwritten by the next E-Chem Method Cyclic
Voltammetry-containing Protocol and also not saved.

If you want to keep a specific configuration of the CV in your pgf pool, you should copy the Pulse Generator
Sequence "CV" and rename it. The default name of the new sequence is CV-1. This sequence will be saved as

usual.
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E Pulse Generator File: DefPgfPot EIE@
[ Full View 1 Condensed View | Cartoon View )
[allal 1(__cv ) 2 TR 3( ) 4( J 5 ( ] 6[ I
Pool [ LOAD [ MERGE | SAVE | Name | CV-1 | NEW I COPY J MOVE ){_ DELETE J{_ LIST )
{2 Interactive Mode @ Gap Free Mode
Timing
No of Sweeps Sweep Length  Tatal 65.00 5 325000 pts
Sweep Interval Stored 60.00 = 75000 bytes
Sample Interval Stimulus 65.00 s 325000 pts

Stimulus = DA AD Unit Link Compr. Points Store Zero

B

StimScale Imon-1 Al 1 32 JC{ 9375

0

Emon-1 J V| 1 32 |C{ 9375

Segments [4]4] 1 [First Swd 2 [First Swd 3 [ Stored | 4 [ Stored |5 [Stored | 6 - &

O0&
I D

Draw- All Channels _all Sweeps | Delay: DA[ 000 s | AD[5 60 ms| E.jnitial [V] (display)

Segment Class Constant Ramp Ramp Constant Ramp Ramp |
Potential [V] 0.000 ~100.0m [Wal 400.0m Jual] 400_0m |N@l] 100-0m [¥@l] -100.0m]
Duration [s] 0.000 5000 25.00 10.00 25.00 0.000 Filter Factor
E-incr. Mode
E-fact fincr. [V] Analysis:
t-incr. Mode Ccv
Scan-fact.fincr. Rel X-seg 3
Scan Rate [V/s] -20.00m | 20.00m -20.00m 0.000 Rel Y-seg [ 3

0.000 O Set Last Seg. Amplitude

50.0mV |
5.00s
p1 p2 p3 p4 ph pb p7 pé p9 pl0
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Traces

You can now also customize your CV in a way that would not be possible using the parameter window of the
Echem Method Cyclic Voltammetry in the Protocol Window (see page 158). The screenshot above shows a cyclic
voltammogramm where the upper potential is held for 10 s before starting the reverse scan. This was easily
achieved by inserting a new Segment of the Class "Constant" into the existing segments. Unnumerous changes

can be made to a common CV in this way.
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12.2 Electrochemical Impedance Spectroscopy (EIS)

Electrochemical Impedance Spectroscopy is a characterization method where the impedance of a system depend-
ing on the frequency of an applied AC voltage is determined. Because the measured impedance is the sum of all
components in the system, the data are analyzed using an equivalent circuit. Electrochemical Impedance Spec-
troscopy is commonly used to investigate electron transfer processes and diffusion of electrochemical reactions
or the capacitance of electrode materials. Short-time behavior and fast processes correspond to high frequencies
whereas long-time behavior and slow processes correspond to low frequencies. Interesting for electrochemists are
commonly three processes which have different characterisitc frequencies:

¢ double layer capacitance: 4.1 kHz (fast)
¢ faradaic reactions: 310 Hz (medium)

e diffusion of molecules: 0.4 Hz (slow)

Therefore a reasonable frequency range for studying these processes lies between some mHz and some kHz.

Befor using the EIS Method you should make sure that the amplifier is calibrated for EIS. Please refer to section
Calibrated EIS in the Amplifier menu 4.9 on page 36.

12.2.1 Parameters for EIS

The parameters for the measurement can be adjusted in the Protocol Editor Window by clicking on the E-Chem
Method - Impedance Spectroscopy in the list of operations.

Impedance Spectroscopy

OSkip  Delay
Start Frequency
End Frequency
Freq. per Decade @
Sine Amplitude @

Min. Cycle Count 3 .
Cycles to Skip 2

B Auto Ranging [ Use Calib. Table
Total Length | 29 == 03-10:37 |

Start Frequency: Enter the first frequency of the impedance spectrum. It is advisible to go from high frequencies
to low frequencies in order to being able to review the results quickly. The acquisition of data points for very low
frequencies will take a long time.

End Frequency: Enter the last frequency of the impedance spectrum.

Freq. per Decade: You can set a resolution of the impedance spectrum by defining the number of frequencies
which are measured per frequency decade. Note that a large number of frequencies increases the measurement
time dramatically, especially when the spectrum spans into a frequency range below 1 Hz.

Sine Amplitude: Defines the voltage amplitude of the applied sine wave.

Min. Cycle Count: The number of sine cycles is adapted that a measurement time of 1 second is filled. If the
measurement time per frequency is larger than 1 second, the minimum number of cycles are executed.

Cycles to Skip: Defines the number of sine cycles that are executed but not analyzed. Commonly, the first cycle
should be skipped by writing a 1 into the box.

Auto Ranging: If checked the current Gain will be adapted that the signal is between the Min and Max range
given by the Auto Ranging controls of the potentiostat.
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12.2. Electrochemical Impedance Spectroscopy (EIS)

Use Calib. Table: The EIS calibration table contains frequency dependent attenuation and phase shift data for the
potentiostat. If checked, the recordings will be corrected with respect to the calibration data.

Total Length: Shows the estimated total time required for the spectrum recording.

The raw data recorded by the Electrochemical Impedance Spectroscopy method is stored in the data tree as Group
with one Series per frequency. Each Series containing one Sweep with the current and voltage Traces, and a set
of 7 LockIn Traces.

12.2.2 Acquiring an Electrochemical Impedance Spectrum

You start the electrochemical method by executing the protocol, which contains the method.

[= = [=]]H

[Freeze )(_Wipe ) (_Repaint 5. 00KkOhm - - 17292
| Cwverl Swp.
3.75k0hm
2.50k0hm
1.25k0hmf -
0.000hm
0.000hm 2.50kChm 5.00kChm 7.50kChm
1.00 7) ..._Bode le:; (I]rpe:lanc‘.ej;
3.38
2.75
2.13
H H H H log(f
1.50
-2.00 -1.00 0.00 1.00 2.00 3.00
s0.0°y--Fnass..__ . Bode PE:T:(]?haSEJ,,I ,,,,,,,,,,,,,, S N
[T R e e e R LR 4
T e
T R e e LR
D.'J'Jn 1 1 1 1 z
-2.00 -1.00 0.00 1.00 2.00 3.00
Nyquist Flot (Rdmittance) . . ___ ... -
Y:626nS __ Y 626nS __ Y451t Y3 : : .
H H H H L e R R
= H H H
B I L [N ;
- : : :
tY[5], log(hdmitY), RealY[5], ImagY¥[5], Phase|
2E-02, -1.99E+00, 1.02E-02, 5.91E-04, 3.31E+| 0.00 . .
t¥[5], log(hAdmit¥), RealY[S], Imag¥[S], Phase| 0.005 4.00mS 3.00mS
4E-02, -1.98E+00, 1.04E-02, 2.47E-04, 1.36E+| Lsa Bode Plot (Admittance
~1.507-- . ) ]
tY[5], log(hdmitY), RealY[5], ImagY¥[5], Phase| — ' ' ' '
SE-02, -1.98E+00, 1.05E-02, 1.56E-04, 8.56E-|
tY[5], log(AdmitY¥), Real¥[5], Imag¥[5], Phase| -2.13
SE-02, -1.98E+00, 1.05E-02, 3.09E-04, 1.68E+|
t¥[5], log(AdmitY), RealY[S], Imag¥[5], Phase| -2.73
6E-02, -1.97E+00, 1.06E-02, 3.16E-04, 1.71E+| : ; i .
t¥[5], log(AdmitY¥), Real¥[S], Imag¥[S], Phase| =3.38f s =t prTTTTe IR (R
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In the Oscilloscope Window the recording at each frequency is shown versus the time. The method creates a
standard Analysis Method "EIS", which plots

* the Nyquist Plot of the impedance: the imaginary part of the impedance is plotted vs. its real part

¢ the Bode Plot of the impedance: the impedance is plotted vs. the frequency, both axis have a logarithmic
scale

¢ the Bode Plot of the phase: the phase is plotted vs. the frequency, the frequency has a logarithmic scale
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¢ the Nyquist Plot of the admittance: the imaginary part of the admittance is plotted vs. its real part

¢ the Bode Plot of the admittance: the impedance is plotted vs. the frequency, both axis have a logarithmic
scale

The impedance format emphasizes the values at low frequency, which typically are of greatest importance for
electrochemical systems that are influenced by mass transfer and reaction kinetics. Therefore, Nyquist and Bode
plots working with impedance values are used.

The raw data recorded by the Impedance Spectroscopy method are stored in the data tree as Series with
multiple Sweeps containing all the Traces.

EIS [ 1= 1

AlREEEIRIE
(2] (1] E
ﬂ?%%%gﬁ

o Lam] | wo ] [eo] [ =]

1l5
(]

i
ho) [eo] il o

The parameters of the method, which were used during the acquisition of the data, can be viewed in the Acquisi-
tion Method window. The window can be opened either via selecting Show Protocol Method in the Replay
menu or via selecting Protocol Methods in the Windows menu.

Acquisition Method

]

5l

Series Name | EIS | 71 ]

Method Name | EIS |

Method Text:

(= ( 0.000s): StartFreq= 1.0000kHz,

E:I;:ll:req= 10.000mHz, Sine= 20.000mV, FregPerDec=5, Cycles=1, Skip=1, Range,

Start Frequency
End Frequency
Freq. per Decade
Sine Amplitude

Min. Cycle Count
Cycles to Skip

B Auto Ranging [ Use Calib. Table
Total Length | 21 -» 00:07:46

( Copy To Analysis ) Copy To Protocal )
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12.2.3 Customizing the Analysis Method

If you want to make changes to the Analysis Method, replay the Series that contains the EIS data. Then open
the Analysis window and select the Analysis Method "EIS". Press Copy to create another method (default name
EIS-1), where you can make your changes. Remember: The transient Analysis Method "EIS" will be overwritten
upon repeated execution of all Protocols using the Cyclic Voltammetry Method and notbe saved.

For example, if you are studying faradaic reactions, only plots using the impedance data are of importance. The
graphs for admittance plots can be deactivated.
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12.3 Open Circuit Potential (OCP)

The Open Cell Potential (OCP) is measured between the working electrode and the reference electrode in order
to get information about the electrochemical equilibrium. The OCP during corrosion measurements is known
as corrosion potential. The condition of electrochemical equilibrium is current zero in respect to the sum of the
cathodic and anodic currents. But this current less measurement of a potential is not possible in practice. The
current which flows through the instrumentation during the potential measurement has to be kept as small as
possible. This is realized by a very high impedance input of the reference electrode (100 G?) and the counter
electrode is switched off during the OCP measurement. We measure the potential between two half-cells. The
first half-cell is formed by the working electrode and the electrolyte, the second half-cell is formed by the reference
electrode and the electrolyte.

12.3.1 OCP Parameters

The parameters for the measurement can be adjusted in the Protocol Editor Window by clicking on the E-Chem
Method - Open Circuit Potential in the list of operations on the left.

Open Circuit Potential

OSkip  Delay
Duration O Set OCP

Duration: Enter the duration for the OCP measurement.

Set OCP: If this option is checked, the measured OCP will be set as initial potential (E-init/V-membr.). The Cell
Mode is not changed.

12.3.2 Acquiring the OCP

You start the electrochemical method by executing the protocol, which contains the method.

Ehnalysiswmdow'l E\@

80.0mvV R ERCEEEEEEES e ,

75.0mvV AEERECEEEEEEEEEEEEEEE Tt

70. 0mV o e hemmeeeees o L — R :

E5.0mV [ o monoene fmmmmmmeeees e R RRREREE 5

Duration
,

&0.0mvV L 1 L L 1 L )
-10.0s8 0.00s 10.0s 20.0s8 30.0s 40.0s 50.0s8 60.0s '?D.Dsj
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12.3. Open Circuit Potential (OCP)

The Data tree for the OCP is very simply and only shows the recorded potential E-mon as the Trace.

Toce I 1= 1| {Emon 11 1

The parameters of the method, which were used during the acquisition of the data, can be viewed in the Acquisi-
tion Method window. The window can be opened either via selecting Show Protocol Method in the Replay
menu or via selecting Protocol Methods in the Windows menu.
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12.4 Square Wave Voltammetry (SWV)

Square Wave Voltammetry belongs to the pulse voltammetric techniques. In this technique, a linear potential
ramp is superimposed by a square wave. The advantage of the pulse voltammetric techniques is their ability
to discriminate against charging currents (capacitive currents). Therefore, they exhibit a higher sensitivity for
oxidation or reduction currents (faradaic currents) than conventional DC voltammetry. Square Wave Voltamme-
try yields peaks for faradaic currents instead of the sigmoidal waveform obtained with DC voltammetry which
results in improved resolution for multiple analyte systems and more convenient quantification. Square wave
voltammetry has received growing attention as a voltammetric technique for routine quantitative analyses. The
acquisition of a square wave voltammetry is very fast using scan rates of 1 V/s and higher. A typical experiment
can be performed in a matter of seconds.

EpulseﬁeneratorFile: DefPgfPot E\ [=] @

[ Full View |_Condensed View | Cartoon View |

12.4.1 SWYV Parameters

The parameters for the measurement can be adjusted in the Protocol Editor Window by clicking on the E-Chem
Method - Square Wave Voltammetry in the list of operations on the left.

Start Potential  [-0.100 . O Rel. to E-init
End Potential 0.100 V | O Keep at End

Amplitude 0.010V | Scan Rate 1.00 Wis
Tau Frequency 100.Hz |
Pot. Increment|  0.010V |

| sampled from | 80% |to| 100 % |

Keep Traces O I-mon [ |Horward & |-diff
O E-mon E lreverse [ E-mean

Number of Cycled 1 | O Alternate Scan Direction
| 1 Peak, Given Bounds | Cursor-1 [-0.100 V] 0.100 V |

Total Time

Start Potential: Potential at which the Sweep of the SWV begins. At the start of the SWV the potential steps from
the initial potential to the Start Potential.

Rel. to E-init: If checked the potentials will be applied relative to the E-Init.

End Potential: Potential at which the Sweep of the SWV ends.

Keep at End: If checked, the end potential will be set as E-Init/V-membr. after the Sweep has ended.
Amplitude: Voltage amplitude of a square half-wave.

Scan Rate: Overall Scan Rate of the potential increase.

Tau: Duration of a single square wave cycle.

Frequency: Frequency of the square wave, equals the inverse of Tau.
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Pot. Increment: Potential increment from one square wave cycle to the next.

I sampled from: The current will be sampled at the end of each half cycle. The data in-between the cursor
positions will be averaged. The result form the first half cycle is I-forward and from the second half-cycle I-
reverse.

Keep Traces: The user can define which of the result Traces should be stored.

* [-mon: Raw data trace of the current recording.

* E-mon: Raw data trace of the voltage recording.

* [-forward: Result trace containing the analyzed current from the first half-cycle.

* [-reverse: Result trace containing the analyzed current from the second half.cycle.
¢ [-diff: Result trace containing I-forward - I-reverse.

* E-mean: Result trace containing the mean potentials each square wave cycle.

Number of Cycles: If the number of cycles is larger than one, multiple Sweeps are executed in Gap Free Mode.

Alternate Scan Direction: If checked the scan direction will be alternated when more than one Sweep is recorded.
E.g. the second Sweep starts at the end of the first Sweep and scans back to the Start Potential.

Peaks: The standard analysis allows online peak analysis. The peak of I-diff and the corresponding potential will
be analyzed.

Compute No Peak
1 Peak, Auto Bounds
v 1 Peak, Given Bounds

2 Peaks, Given Bounds

Compute No Peak: Peak analysis is turned off.

1 Peak, Auto Bounds: One peak will be analyzed. The algorithm will use the derivative of I-diff in order to
find the main peak. A noise free recording is required for this Analysis Method. In order to reduce the noise
you might apply a digital filter to the I-diff Trace. The digital filter is set in the Oscilloscope window.

1 Peak, Given Bounds: One peak will be analyzed. You can set the voltage range in which the peak should
be searched.

* 2 Peaks, Given Bounds: Two peaks will be analyzed. You can set the voltage ranges in which the peaks
should be searched.

[ 2 Peaks, Given Bounds | Cursor-1 [-0.100 V] 0.100 V
Cursor2 [ 0.099V J 0.100 v

Total Time: Displays the duration of the complete Square Wave Voltammogram.
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Tau
/')
Amplitude t Pot. Increment \ I
\I-forward
I-reverse
()
E I-diff = I-foward - I-reverse

12.4.2 Acquiring a Square Wave Voltammogram

You start the electrochemical method by executing the protocol, which contains the method.

= Analysis Window 1 o | @ |[=]
6.00nAr--- L GifT.. Square Wave VoltammMOQIam.. . .. .. ...cccceeeececoccaan.
4.00mA[-------emme e e fhoe oo ) :
2.00nA
0.00A
-2.00nA T i
-50.0mV 200.mV 450.mV
155} Notebook_28-Nov-2014

28-Nov-2014 13:36:12

Sweep #, E-peak[V], I-peak[i]
1, 179.12m, 4.2444n

The method creates a standard Analysis Method "SWV", which plots the square wave voltammogram in Graph 1
in the form of I-diff vs. E-mean and analyzes the current peak and the corresponding peak potential. The results
are plotted into the Notebook.

The raw data recorded by the Square Wave Voltammetry method are stored in the data tree as Series with
multiple Sweeps. Each Sweep containing the recorded Traces.
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12.5. Optical Spectroscopy

48WV

The parameters of the method, which were used during the acquisition of the data, can be viewed in the Acquisi-
tion Method window. The window can be opened either via selecting Show Protocol Method in the Replay
menu or via selecting Protocol Methods in the Windows menu.

12.5 Optical Spectroscopy

The Optical Spectroscopy method can be used to study the local light absorption properties of materials with high
spatial resolution by scanning the sample in the light path. The illumination and detection area are in the range
of a few micrometers. It can be employed to study photoelectrocatalysts and semiconductors, where also band
gaps can be determined. The spectroscopy experiments are complimentary to and can be combined with other
spatially-resolved experiments which can be performed with the EIProScan. The method allows the recording of
absorbance spectra between 200 nm and 1200 nm using the designated spectrometer.

Please contact us to get further information about technical requirements to use this application.

Optical Spectroscopy

OSkip  Delay
Integration Time [s]
prerages

= Light Sync Out

Dark Ref. Spectrum |No Reference Cqd
Reference Spectrum |No Reference Cd
Threshod

The Protocol Editor Method Optical Spectroscopy dialog needs certain parameters for the measurement:

Integration Time: The integration time defines the time of collecting data at the spectrometer detector. Typical
integration time are between 10 ms and 1 s depending on the light intensity. The intensity of the signal will
increase with increasing integration time. For a good signal quality (signal-to-noise ratio) a value of 10k should
be achieved. At 80k the limit of the detector is reached and the integration time needs to be reduced.

Averages: A signal which is measured at the certain integration time can be averaged. The number of averages
is used to further improve the signal-to noise ratio. Increasing this value does not increase the signal intensity.
Integration time and Averages are both used to achieve a good signal quality.

Light Sync Out: This box can be checked if the illumination source should be switched off between recording
spectra.

Dark Ref. Spectrum: A dark reference (with illumination switched off) has to be recorded before the spectrum
acquisition. In this step the dark reference was loaded into the buffer to correct subsequent spectra. The default
is Buffer 1 and has to be selected to retrieve the right data.

Reference Spectrum: A reference spectrum at a blank spot has to be recorded before the spectrum acquisition. In
this step the reference spectrum was loaded into the buffer to correct subsequent spectra. The default is Buffer 2
and has to be selected to retrieve the right data.

Threshold: A threshold can be defined to cut data with very small intensity. Due to the detector, the spectra are
automatically recorded between 200 and 1200 nm. When the light source has a smaller spectral range, intensities
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12.5. Optical Spectroscopy

can be close to zero in the specific areas. This leads to not-meaningful calculation of absorbance. The threshold
can be set to cut these areas from the spectrum.
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13 Analysis Window

‘K] Analysis: DefAnalPot E\ =] @
| Auto Stim Caontrol: Poaol |
Analysis Methods: Analysis Pool

EEN ock P cV 13 ( SinglePulse )4 [ Difffulse  )[&]&]
( Load | Merge ][ Save || OCP [ Mew J( Copy |
[ Move ][ Delete ]

Analysis Functions

1 E=IE0 2( Duration ) 3[  OCP_ ) 4( [&]e]

Function Type Trace [ Change ) ([ New 1( Copy 1( Mave )
Name [ E-Cell(=0)

Input Qutput

Y-Trace | Trace 2 |

Cursors Operation Options

(Cursor Bounds (%)) 00 | 1000 |

| Cursors Relative to Trace |

Analysis Graphs
On | (_ Graph? T Of [ Graph3 [ Off ][]0l
[ SavetoTree )[ Copy ){ Print ) Redraw )
Scale Axis [ Overlay EOwlSwp Graph Entries
O 4

Min Max Scale
¥ | -2.00 10.0 Auto Swp. X | Duration ||[E-Cell(i=0}| Duration || Duration

Y | -500.m | 100.m |Auto Swp.| ¥ [E-Cell{i=0f|Function-4 Duration || Duration
Modify Axis OShare X-axis [ . 1 . 7 9 . ]

Graph Positions 123456789012
Graph in Window 1 00000000000
Graph in Window 2 OOOOOOOOOOOO

The Analysis allows you to immediately calculate and display data based on the acquired Traces, thus giving you
a fast overview of your results.

POTMASTER will automatically plot the analysis to Analysis Windows 1 or 2 after or during execution of a Series
(based on the settings made in the various controls inside this window).

Nomenclature: The Analysis is structured as follows. An Analysis file with the extension .on1 holds a set of
Analysis Methods. Each method is an assembly of Analysis Functions and Analysis Graphs. Based on the type
of incoming data, the user can specify a number of Analysis Functions. These functions produce analysis results
which may be displayed in the Notebook and/or shown in an Online Graph inside either Analysis Window 1 or
Analysis Window 2. Elements of a graph are Graph Entries, i.e. couples of analysis results to be used as X- and
Y-references. Up to 4 Graph Entries can fit into one graph and multiple graphs can fit into one Analysis Window.
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13.1. Stimulus Control

Thus, based on the hierarchy of the components involved in constructing an Analysis Method, Analysis Functions
must first be defined because only then the respective analysis results can be placed as Graph Entries in graphs
and windows.

13.1 Stimulus Control

Stimulus Control: There are four possible options for controlling the particu- | Auto Stim Control- Poal I
lar Analysis Method of choice:

e Use Selected Method: Uses the active (selected) Analysis Method.

e Auto Stim Control: Pool: Uses the Analysis Method stored in and loaded from the Analysis file, e.g.
"DefAnal.onl’. With this kind of Analysis one defines one Analysis Method for all Series until the Anal-
ysis Method is changed.

¢ Auto Stim Control: Assigned: Uses the Analysis Method stored in and loaded from the data file bundle.
With this kind of Analysis one creates a permanent link of an Analysis Method to a type of Series.

* No Analysis: No Analysis will be performed.

13.2 Analysis Methods

Analysis Methods: Analysis Pool

@< G2 | Chat )3 [evoked APs )4 [ Ramp  )[D[D)

(Load J[ Merge |(_ Save ]| v | New J( Copy |
[ Move [ Delete )

An Analysis Method is defined by all the information stored in the areas of Analysis Graphs and Analysis Func-
tions. POTMASTER provides a pool of such Analysis Methods and such pools of methods are stored on disk as
Analysis files (x . on1).

Qa1 1...4 %] Scrolling bar of available Analysis Methods within this pool. The active (selected) Analysis Method
is highlighted.

Load: Loads a pool of Analysis Methods.
Merge: Adds Analysis Methods from an Analysis file (« . on1) to the already loaded pool of methods.
Save: Saves the actual pool of Analysis Methods.

Analysis Method Name: Text field in which the name of the current Analysis Methods can be edited — "IV" in
this example.

New: Creates a new Analysis Method.

Copy: Creates a copy of the active Analysis Method and inserts it at the end of the Analysis pool.
Move: Changes the positioning of a particular Analysis Method within the scroll bar.

Delete: Deletes the active Analysis Method.

Analysis Methods: Assigned Pool

<o 2 ( )3 ( )4 ( [Elo]
(Duplicate] [ Assign J{ To Pool ]| v | New J( Copy |
Mave
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13.3. Analysis Functions

If Auto Stim Control: Assigned is selected the three buttons Load, Merge and Save are replaced by:
Duplicate: Makes a copy of the currently selected Analysis Method.

Assign: Assigns the active Analysis Method to the selected Series in the data tree. The corresponding PGF
template is automatically linked to this Analysis Method.

To Pool: Copies the active Analysis Method to the standard analysis pool (Auto Stim Control: Pool).

13.3 Analysis Functions

In this section of the Analysis dialog, Analysis Functions can be added to the Analysis Method and parameters of
already existing Analysis Functions can be modified.

New Analysis Functions can be added by clicking on an empty button in the list at the top of the section. For
changing an already existing Analysis Function just click on the Change button (see below).

List: Writes a list with the name of all Analysis Functions into the Notebook window.

2[9] 1...4 B8] : Scrolling bar of an arbitrary number of available Analysis Functions. The buttons contain the
Name of the defined function.

Function Type: Here the Function Type of the presently activated Analysis Function is displayed, e.g. "Ampli-
tude".

Name: Here you can rename the selected Analysis Function Type.

Change: Click on this button to open the Function Type dialog for changing the Analysis Function.

New: Creates a new Analysis Function. You can also create a function by clicking on an empty Function button.
Delete: Deletes the selected Analysis Function.

Move: Changes the position of a particular Analysis Function within the scroll bar.

13.3.1 Analysis Function Settings

The Analysis provides four sections for customizing the selected Analysis Function. Here, we describe which
settings are in general available. The availability depends of course on the selected Analysis Function and may
vary from function to function.

Input
Input
| UseGivenValue [ 000 |
Y-Trace Trace 1

#-Trace |Compute Theoretical Amplitude

Value: Either use "Use Given Value" entered into the field beneath the function or "Get Value-1...16" which
takes the value stored in Value-1...16.

Y-Trace: Select which Trace (1...16) or Buffer (1...4) shall be analyzed using the Analysis Functions. The Trace
index usually corresponds with the channel number in the PGF sequence (if the Trace number is not set to
another value in the build instruction of the Trace (see 10.10.2 on page 119)).
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13.3. Analysis Functions

X-Trace: The voltage can either be calculated from a theoretical stimulus (Compute theoretical Amplitude),
e.g. when there is no voltage Trace available, or it can be taken from a recorded Trace (Amplitude from
Trace 1...16, Amplitude from Buffer 1...4).

Operation: Refer to the result of an already existing Analysis Method. In this example the Math operation
‘a + b’ refers to the Analysis Method index '3’ and "4’.

Input
[ 3 | a+b | 4 |

Cursors

Cursors
X- Y-seg Offset | 0 | 0 |
[ Cursor Bounds (%) ] 00 | 100.0
| Cursors Relative to Segment

Adjust to Position of Function

X-, Y-seg. Offset: The X- and Y-Segment offsets are set relative to the Relevant X- and Y-Segments as defined
in the Pulse Generator window.

Cursor Bounds: Within the relevant segment, a left bound and a right bound (in %) determine the actual
time period for analysis. Pressing the button lets pop-up the cursors in the Oscilloscope window. When
moving the cursors in the Oscilloscope window, the cursors position is automatically transferred to the
fields to the right of the button. The cursor limits can be outside the limits of the selected segment, i.e., they
can be smaller than 0 % and greater than 100 %.

Cursor Type: Sets the definition of the cursor type. The following options are available:

o Cursors relative to Segment
o Cursors relative to Trace

o Cursors: Copy from Function-1...16: The active function gets the cursor bounds and cursor type from
the selected function.

Adjust to Position of Function: Specify an existing Analysis Function to set the cursor bounds relatively
to the found position of a peak or threshold. E.g. if one function analyzes the Time to Maximum and the
second function analyzes the Tau, one can use Adjust to Position of Function in the second function to set
the cursor settings in respect to the found Time to Maximum results. This means every time the Time to
Maximum value changes the cursors settings (here: 1-15%) for the calculation of Tau will be adapted.
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13.3. Analysis Functions

The distance between 'Time to Maximum'
and the first Cursor is fixed.

T 100%

0%
: O : =
o : S
Time to Maximum 0% 1% 15% 100%
Cursor Settings
for 'Tau'

Note: Be aware that in this example the cursor range for the Tau function gets shifted to
the right by Time to Maximum because the new 0% value is now the value of Time to
Maximum.

Output

QOutput
& MNotebook
| Mot Stored in Values

Result Unit |

Notebook: If selected, the Analysis Result of this function will be written into the Notebook window.

Not Stored in Values / Store in Value-1...16: Analysis Results can be stored in one of the Values-1...16. They
can then be retrieved and used as a Constant math function. In addition, they can be used in the Protocol
Editor (see Set Value, 11.4.5.3 on page 151). The Values-1...16 are used to exchange information between
different Analysis Methods and between the Analysis and the Protocol Editor.

Result Unit: If e.g. a Math operation was used one can define via this entry box the unit of the output value.

Operation Options
Operation Options
O Fit

| Baseline: Zero

Fit: If selected, the peak value is determined by a polynomial fit around the first numeric estimate of the
peak. With this function, the influence of noise can be reduced in the determination of Peak Amplitudes.
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13.3. Analysis Functions

The fit function must not be used when non uniformly continuous changes are expected
around the peak value. E.g. if you want to analyze the peak value of a saw-tooth signal, the
Fit function easily lead to erroneous results, because of the quick jump from the peak level to
base line at the end of the saw-tooth.

Baseline: Define the Baseline for the selected Analysis Function. There are three options available:

o Baseline: Zero: Calculates the integral between the two intersection points of the cursors and the Trace,
starting at the zero line.

o Baseline: Cursor Intersections: Calculates the integral, starting at a virtual baseline between the two
intersections points of the cursors and the Trace.

o Auto Bounds: Makes a derivation of the Trace and sets the cursors to the minimum and maximum
value of the derivation. This option can be helpful to find the proper peak if some other global maxi-
mum (or minimum) exists.

Operation Options

| Positive and Negative Crossing I

Average Points 1 .

Crossings: Set the direction of the Crossing. There are three options available:

o Positive and Negative Crossing: Every threshold crossing is detected.

o Positive Crossing: A crossing is only detected if the signal runs through the threshold from negative to
positive values.

o Negative Crossing: A crossing is only detected if the signal runs through the threshold from positive
to negative values.

Average Points: Enter the number of points to be used for a running average to apply before extracting the
voltage. The function applies to the source Trace as well as to the result Trace.
Ramps only: The Analysis Function does only work on Ramp segments if the checkbox is selected.

Operation Options
O Ramps only

Equation Edit

Equation: Enter an equation into the text field or modify an already existing one by clicking on the Edit
button.

Histogram Bins: Enter the number of bins for the histogram.

Operation Options

Histogram Bins | 128
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13.3. Analysis Functions

13.3.2 Analysis Function Types

When selecting or changing an Analysis Function the Function Type dialog pops up. Here, you can select an
Analysis Function. The functions are organized in several groups.

Function Type
Timing Measurements Lockin Math Trace Power Spectra
3 Sweep Count & Extremum {3 Lockin_Phase {3 Equation {0 Trace > log( Frequency )
O Analysis Index & Maximum O Lockin_Freq ¥ Constant ) Equation & Density
3 Time > Minimum 2 Lockin_Ampl Oa+b 3 Q = Integral
3 Timer Time O Extr. Amplitude Ca-b O 1/ (trace ) Histogram
© Series Time © Min. Amplitude Trace Param. Oa“b Q1/(Q) 3 Histogram Ampl
2 Real Time © Max. Amplitude {2 Trace Count Oalb O In (trace ) 3 Histogram Bins
& Time to Extremum {3 OCP Cainb Omm(Q)
Stim. Properties & Time to Maximum {3 Electrode Area O abs O log ( trace ) EIProScan
) Amplitude > Time to Minimum {2 Solution O log DOleg(Q) 3 X-position
3 Duration ® Time to Threshold €3 Solution Value O sqnt {2 dt = Differential 2 Y-position
3 Rel. Seg. Time 3 Threshold Ampl. {3 Zero Offset O arctan {0 Trace x-axis (time) (3 Z-position
3 Abs. Seg. Time 3 Thres. Crossings O O Stimulus & Matrix-X
(2 Scan Rate  Mean Sweep Param. O 1fog 3 Matrix-Y
3 Variance O Temperature O 1fsqrt 30X
 Integral ) Digital-In {3 1farctan O30y
© Anodic Q 2 User_1
(& Cathodic Q € User_2
(& Zero Crossing O User_3
> Slope O User 4
C Intercept O User 5
© Tau O User_6
O Y(x):yatpos=x O User_7
O User_8
O User 9
O User_10
[ Cancel ] I[ Done :Il

13.3.2.1 Timing

Sweep Count: Index of the Sweep within a Series.

Analysis Index: Index of the Analysis during the experiment. The Analysis Index is initialized with a Wipe
command. The maximum number of Analysis Sweeps that can be handled, can be set in the Configuration window
(see chapter 5.6.2 on page 54).

Time: Time starting with the relative "first sweep" analyzed (or created) since the last Wipe Analysis command.
Timer Time: Time of the Timer in the Oscilloscope at the start of Sweep acquisition.
Series Time: Time in respect to the Sweep acquisition of the corresponding Series.

Real Time: Time elapsed since midnight at the start of Sweep acquisition.

13.3.2.2 Stim. Properties

These are functions that are usually used as an X-reference in a graph. They are based on the Relevant X-segment,
i.e. they are also sensitive to the X-segment offset.

Amplitude: Amplitude of the Relevant X-segment (usually "Voltage").

Duration: Duration of the Relevant X-segment. This may be useful if the length of the Relevant X-segment is
changing during sweep acquisition.

Rel. Seg. Time: The Relative Segment Time function returns the start time of the Relevant X-segment with respect
to the first stored point of the stimulus. The duration of non-stored segments is not taken into account.
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13.3. Analysis Functions

Abs. Seg. Time: The Absolute Segment Time function returns the start time of the Relevant X-segment with
respect to the first point of the stimulus. In opposite to Relative Segment Time the duration of non-stored segments
is taken into account.

Scan Rate: Scan rate of the Relevant X-segment. Can be used e.g. to analyze the slope of a ramp.

Note: Do not mix up the Scan Rate with the Slope analysis function! While the Slope is calculated
from the recorded Trace, the Scan Rate is taken from the stimulus.

Stim. Frequency: Returns the set Stimulation Frequency of a corresponding Sine Wave or Square Wave segment.

13.3.2.3 Measurements

These are functions that are usually used as an Y-reference in a graph. They are based on the relevant Y-segment,
i.e. they are also sensitive to the Y-segment offset.

Extremum: Extreme value of data in the cursor region; either a maximum or a minimum.

Maximum: Maximum value of data in the cursor region.

Minimum: Minimum value of data in the cursor region.

Extr. Amplitude: Calculates the voltage applied at the position of the peak current (either minimum or maxi-
mum).

Min. Amplitude: Calculates the voltage applied at the position of the minimum peak current.
Max. Amplitude: Calculates the voltage applied at the position of the maximum peak current.

Time to Extremum: Time from the beginning of the Trace or the relevant segment to the extreme value in the
cursor range.

Time to Maximum: Time from the beginning of the Trace or the relevant segment to the maximum value in the
cursor range.

Time to Minimum: Time from the beginning of the Trace or the relevant segment to the minimum value in the
cursor range.

Time to Threshold: Time from the beginning of the Trace or the relevant segment to the specified threshold value
in the cursor range.

Threshold Ampl.: This function returns the corresponding X-axis value (often called amplitude) of the threshold
crossing point. Use this function e.g. if you want to know the voltage value for a specific (recorded) current value.

Thres. Crossings: Counts the number of threshold crossings between the two cursors.
Mean: Mean value of the data in the cursor region.

Variance: Variance value of data in the cursor region (square of standard deviation).
Integral: Integral value of data in the cursor region.

Anodic Q: Integral of positive current in the cursor range.

Cathodic Q: Integral of negative current in the cursor range.

Zero Crossing: This function searches for the zero crossing of the target Trace and computes the corresponding
value of a second Trace (i.e. voltage).

Slope: Calculates the slope (b) in the defined region, using a linear regression (y = a + bx).
Intercept: Calculates the intercept (a) in the defined region, using a linear regression (y = a + bx).

tau: Calculates the time constant (7) from an exponential curve. Computes 7 in two steps:

1. semi-logarithmic regression of x vs In(y)
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2. abs(1/slope)

Y(x) : y at pos = x: Calculates the Y-value at a defined X-position (e.g. time, frequency...). The X-position value
can be entered into the field beneath the function.

13.3.2.4 Lock-In

The following parameters can be retrieved from the LockIn Extension. Please note that the Lockln returns a
mean value of all data of the Trace. In case a mean value in the cursor range is desired, then please acquire/store
the parameter as individual Trace and use the Mean function of the Measurements.

LockIn_Phase: Returns the phase setting of the software LockIn.
LockIn_Freq: Returns the frequency of the sinusoidal wave used for LockIn measurements.

LockIn_Ampl: Returns the amplitude of the sinusoidal wave used for LockIn measurements.

13.3.2.5 Trace Parameters
The following parameters can be retrieved for analysis from the parameter set that is stored with the data (see
Parameter window, 14 on page 197).

Trace Count: Gives back the index number of the Trace which is set in Trace #. If no Trace with the index number
exists a "NAN" result will be reported.

OCP: The value of the Open Cell Potential.

Electrode Area: The value of the Electrode Area.

Solution: Index number of the solution.

Solution Value: Relevant concentration value of the solution.

Zero Offset: Returns the calculated Zero Offset value.

13.3.2.6 Sweep Parameters

The following parameters can be retrieved for analysis from the parameter set that is stored with the data (see
Parameter window, 14 on page 197).

Temperature: Temperature (from a recording device).

Digital-In: State of the Digital-In port of the PG 300/600 potentiostat.

User_1 - User_10: Parameter as set by the user in the I/0 Control section of the Configuration window, 5 on
page 41.

13.3.2.7 Math

Math supplies various calculations on one or two function results. By combining several Math functions, complex
expressions can be generated.

The following control shows: "Result 1" "- Operand" "Result 2".

1 ] ab [ 2 ]

Equation: An equation can be entered to compute a value. For details on the equation syntax please refer to the
section Equation Syntax, 21.1 on page 232.
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Constant: Sets a constant value if Use Constant Value is selected. The constant value may be determined either
by entering a value in the input field beneath the function name or by using a value (see also function Y(x): y at

pos = x above.)

a + b: Calculates the sum of two Analysis results.

Note: Depending on the Math function one or two results of the Analysis are available for the

calculation.

a - b: Calculates the difference of two Analysis results.
a * b: Calculates the product of two Analysis results.

a/b: Calculates the quotient of two Analysis results.

a in b: Calculates the amount of one Analysis result that is present within another Analysis result.

abs: Calculates the absolute value of an Analysis result.
log: Calculates the logarithmic value of an Analysis result.
sqrt: Calculates the square root of an Analysis result.
arctan: Calculates the arc tangent of an Analysis result.

1/ a: Calculates the reciprocal value of an Analysis result.

1/1log: Calculates the reciprocal logarithmic value of an Analysis result.

1/ sqrt: Calculates the reciprocal square root of an Analysis result.
1/ arctan: Calculates the reciprocal arc tangent of an Analysis result.
13.3.2.8 Trace

This analysis is applied to a selected Trace. The result is again a Trace.

Trace: Sets a Trace as an Analysis result.

Equation: An equation can be entered to compute a Trace. For details on the equation syntax please refer to the

section Equation Syntax, 21.1 on page 232.

Q-=integral: Calculates the integral over time of the Trace.

1/ (trace): Calculates the reciprocal of a Trace.

1/ (Q): Calculates the reciprocal of the integrated Trace.

In (trace): Calculates the natural logarithm of the Trace.

In (Q): Calculates the natural logarithm of the integrated Trace.
log (trace): Calculates the logarithm of the Trace.

log (Q): Calculates the logarithm of the integrated Trace.

dt = Differential: Calculates the differential over time of the recorded Trace.

Trace x-axis (time): Returns the Trace time (first data point of Trace has time = 0). You may use this as X-reference

when plotting a Trace versus time in the Online Window.

Stimulus: The stimulus that is linked to the Trace is returned.
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13.3.2.9 Power Spectra
For calculation of the power spectrum. Useful for measurement of the noise performance. Please note, that at
least 1024 data points are required for compiling such a power spectrum.

log(Frequency): Returns the log(Frequency) for a Power Spectrum. It should be used as X-axis in a Power Spec-
trum display. E.g. a value of 2" means 100 Hz, ’3" means 1000 Hz.

Density: Returns the log(Distribution) of a Power Spectrum. The distribution is also called spectral density. It
should be used as Y-axis in a Power Spectrum display. The displayed values are the linear exponents, e.g. ’-25
means ‘1 x 10725, The unitis in A%/Hz.

13.3.2.10 Histogram

The histogram functions can be used e.g. for a fast online detection of different amplitude levels.

Histogram Ampl: Returns the Histogram Amplitude distribution. You can select the Trace from which the am-
plitude should be calculated.

Histogram Bins: Defines the number of Histogram Bins for the analysis of Histogram Amp. The number of bins
is entered manually in the Function Type window:

The width of a bin is computed as:

bin width = Y-range / number of bins

Note: A fixed Y-range is used to analyze all Traces of one Series. In Fixed mode it is the Y-range
of the first analyzed Trace, in Auto mode it is the largest Y-range of all analyzed Traces of the
parent Series.

13.3.2.11 EIProScan

The functions listed in this section are only available when the E1ProScan Extension is activated in the Configu-
ration window (Hardware pane).

X-position: Returns the X-axis position of the step motor in respect to the defined position of origin.

Y-position: Returns the Y-axis position of the step motor in respect to the defined position of origin.

Z-position: Returns the Z-axis position of the step motor in respect to the defined position of origin.

Matrix-X: Returns an index number of the X-position of the selected Series.

Matrix-Y: Returns an index number of the Y-position of the selected Series.

3D_X: Enter the index number of the Analysis Function to get the 3D X-position.

3D_Y: Enter the index number of the Analysis Function to get the 3D Y-position.
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13.4 Analysis Graphs

Analysis Graphs

On | (

(Graph 2

1 On

| ([  Graph 3

1 on ] [e]e]

( SavetoTree J[ Copy ) Print ) Redraw )

Scale Axis [ Owerlay

Graph Entries

Vin_ Max Scae [IINN [T SN O ¢

£ | -100m | 100.m | Auto Ser. * | Ampl 1 || Ampl_ 1 || Ampl_1 || Ampl 1

Y | -200p | 2.00n | Auto Ser. Y | Mean_1 |[Mean_init}| Ampl_1 || Ampl_1
[ Modify Axis  JOShare Xaxis [ . 0 . [ . I

Here, the properties of the graph display for the Analysis results are defined.

«l4]- Graph 1, Graph 2, Graph 3 - 2], Scrolling bar of Analysis Graphs (currently to a maximum of 12 graphs).
All information shown in the lower part of this panel is only valid for the highlighted graph.

(Graph Display Mode) : A graph can either be turned On or Off.

* On: Displayed in Analysis Window 1 or Analysis Window 2.
¢ Off: Not displayed.

Save to Tree: Saves the active Graph Entries of the selected Analysis Graphs to the end of the data tree as a new
Series.

Copy: Allows to automatically copy the settings (functions, scaling etc.) of a graph into the selected graph, rather
than having to enter each entry manually. Enter the index number of the graph from which you want to copy the
settings.

Print: Prints the Analysis results as displayed.

Redraw: Redraws the Analysis results displayed in the Analysis Windows, e.g. after changing the axis scaling.
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13.4. Analysis Graphs

13.4.1 Scale Axis

Overlay: The default setting in the Analysis is to wipe the data before a new  Scale Axis COveray | Mo Wrap

Series is started. If you mark the Overlay option, the graph plot in the On- Min Max Scale
line window will not be cleared when performing a new analysis (new Series % | 100.m | 100.m | Auto Ser.
Y | -200.p 2.00n | Auto Ser.

acquisition).

Modify Axis O Share X-axis

Note: This setting is overruled by the setting Wipe Display at Start and
Wipe at Start (see 11.4.2.3 on page 142 and 5.6.2 on page 54).

Wrap: Selecting Wrap leads to a wrapping of the data at the end of the display, e.g. the display will start again at
the left edge.

* No Wrap: No adaption of the X-axis scaling when the amount of data points exceeds the X-axis scaling.

* Wrap + wipe: Wiping of the online graph after the wrapping around. This behavior is typically used during
Chart Recording (see PATCHMASTER Tutorial).

* Wrap, no wipe: No wiping of the online graph after wrapping around. Old data points are overlayed by
newer data points when the Series exceeds the length of the graphical display.

Note: The Wrap option is limited to Fixed Scaling of the X-axis and Y-axis and the X-axis mode
has to be linear.

If both Overlay and Wrap are selected, the data will wrap around at the end of the graph without clearing the
graph.

More complex and custom display behavior can be controlled from a protocol, e.g. wiping individual graphs only,
by using the Analysis protocol event (see 11.4.4.1 on page 145).

In case Trace data are displayed in the graphs, the options Overlay and Ovrl-  Scale Axis EOverlay [FEOwlSwp

Swp are available. Min Max Scale
X | -3.40m 120. Auto Swp.

Y | -877.n 40 5y | Auto Swp.

Modify Axis OShare X-axis

¢ No selection: If neither Overlay nor OvrlSwp is selected the online graph is wiped after every Sweep acqui-
sition.

* Overlay: General overlay, see also description above. Overlays Sweeps of different Series. Compare to
Overl. Ser in the Oscilloscope window.

* OvrlSwp: Overlay Sweep function overlays all Sweeps within a Series. Compare to Overl. Swp in the
Oscilloscope window.

Note: The autoscale functions Auto Ser. and Auto Swp. are incompatible with the OvrlSwp
function. Only the last Sweep will be drawn after re-scaling the graph.

X, Y: Here you can enter the analysis display settings.

¢ Min: Minimum of axis range.
¢ Max: Maximum of axis range.

¢ Scale: There are several possible scaling options available once you click on the Scale field.
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13.4. Analysis Graphs

— Fixed: Analysis results can be shown in the graph immediately after acquisition or replay of a Sweep,
if the scaling is known from the beginning. Therefore, a Fixed Scaling option is provided and the X-,

Y-scaling of the analysis graph can be specified.

— Auto after a Series: After all Sweeps of a Series have been acquired or replayed, the maximal and
minimal values of the currently selected abscissa and ordinate values are determined and used to scale

the graph.

- Auto after each Sweep: After every Sweep, the maximal and minimal values of the currently selected
abscissa and ordinate values are determined and used to scale the graph.

— Fixed with last Min/Max: Uses the maximum/minimum from the last graph drawing to copy into the
Min/Max fields. They can now be used as scaling factors when the mode is switched to Fixed.

Modify Axis: Clicking on this button opens the Scale Properties window.

Unit: The units of the first graph entry are shown on
the graph display.

Zero-line: The zero-line is depicted in the online graph.

Position: Y-(X)-min, Y-(X)-zero, Y-(X)-max).
Determines the position of the axis either at the minimum,
at zero or at maximum of the other axis, respectively.

Mode: Defines how the respective axis is drawn:
linear, log, inverse, sqrt, square.

Tics: Sets the number of tics plotted on the axis.
A value of zero suppresses the display of axis tics.

Grid, Factor: A grid will be displayed in the given
Analysis Graph. Enter a Factor for the grid density.
If Factor is set to "1" then one line per

Tic is drawn. A factor <1 increases

Scale Properties
X-axis Y-axis
Unit B =
Zero-line = =
Position Y-min X-min
Mode linear linear
Tics 7 5
Grid, Factor B 1.00 | =@ 1.00 |
Include Zero m} a
Nice Values i) O
Centered
Labels a =®
Header [IV-Analysis
Normalize | None
Sort a

the grid density.
ELl Analysis Window 1 = | = |[==3a] || BE Analysis Window1 = |
30,00V TTTTTTTTTTTTogTTTToooooooooogoooomomoooes L 30.0mvy--;
: o
: . ‘o .
7.50mV """ e H 7. 50mV|
o
—15. 0mV[ - e Aemmmomenees Fommomeeneooes : ~15., 0mV[--F-roree
. o . . .
o
R R . . : O A
37.5mV DE g d ' 37.5mvV
o
-60. 0mv™ * * * ! -60. 0mV™ * !
—60.0mV -37.5mvV -15.0mV 7.50mV 30.0mV. —60. 0mV -37.5mV -15.0mV 7.50mV 30.0mV.

¢ Include Zero: The Y- and X-axis always contains "0" at their origin independent of wrapping events.

¢ Nice Values: If selected, the axis limits will be rounded to the next possible "nice" value (e.g. 0, 1,2, 5...).
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* Centered: If selected, the first data point will be set in the center of the graph. This allows the monitoring
of ongoing experiments. The displayed scaling defined by the values entered in the Fixed Scaling is not
considered as an absolute value range but defines a relative one.

Note: This option is only available if Fixed Scaling is on and if Nice Values is off.

® Labels: If selected, the name of the Analysis Function is used as label for X- and/or Y-axis
¢ Header: Text for the graph header can be entered.

* Normalize: Select the type of normalization of the data:

— None
-y =y / max

-y’ =(y-min) / (max - min)
* Sort: If selected, the data will be sort the data according to ascending X-values.

Note: The Sort flag should be set for summary data and non-ordered, non-continiuous
Traces before performing the Save to Tree operation.

Share X-axis: If Share X-axis is checked, then the same X-axis parameters (e.g. "Min", "Max", "Scale") are used for
all graphs
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13.4.2 Graph Entries

1...4: Activate up to four graph entries from this list by checking the box. | Graph Entries

I S I O ¢

Axis: Now choose from the list of available analysis result variables for ¥ [ Timer | Timer Timer | C-slow_1
the X- and the Y-axis. An example could look like that shown on the ¥ |C-slow 1| TraceX 1| Trace 1 || C-slow_1
right in the diagram above. D

The following variables are shown in the figure beneath:

. Max_ 1
e Max_1: Maximum value between two cursor of Trace 1. P
Timer
e Timer: Time of the Timer. C-slow_1
v | Intl
e C-slow_1: C-slow value of Trace 1. S
e Int_1: Integral value between two cursors of Trace 1. Item &
Item 7
e 5...16: Empty item. Ttem &
. . .. .. Item 9
® Select by index...: Select the variables by their index number. This is necessary =
. . Itermm 10
when more than 16 analysis results are defined.
tem 11
tem 12
tem 13
Itemm 14
Item 15
Item 16

Select by index...

Clicking on e ) opens the Marker Properties window:

| Marker Properties
Type Square
Size 3
Connect O

[0 Same Color as Trace

Cancel Done

Type: Choose between the available symbols (point, plus, star, diamond, cross, square).
Size: Size of the symbols.

Connect: If selected, the symbols will be connected with a line.

Set Color: Choose a color for the symbols and the lines.

Same Color as Trace: Use the Trace color for the symbols and the lines. The Set Color setting is ignored.

POTMASTER e June 2023 ¢ www.heka.com 194



13.5. Graph Positions

13.5 Graph Positions

Graph Positions 123456769012
Graphs in Window 1: EROOOOOOOOOO
Graphs in Window 22 OOEXHEOOOOOOOO

Graph Positions: In this section of the Analysis dialog, one can specify if and to what Analysis window (1 or 2) a
graph is plotted. The currently selected graph (in the Graph Entries section) is indicated by red color.

Note: If a graph is not checked in the Graph Positions section, then it is not displayed, even if it
is turned on in the Graph Entries section.
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14 Parameters Window

r

E=8 o ==

E Parameters
[ Marked ltems ‘| Root ltems 1 Group ltems 1 Series ltems ] Sweep ltems 1 Trace Items fA.mpliﬁer Items |ElProScan ltems
® Amplifier State O Titles L3 (_Flag Group 2 ) (_Flag Group 3 ) (_Flag Group 4
O List with Traces Copy Flags from Info to Notebook
@ Amplifier PG610 USB O (_Default Flags ) (_ Target to Notebook )
O Serial Number na O (“Clear all Flags ) (_Marked to Notebook ) (_Marked to File )
O Calibration n.a. o
O RecordingMode [  Standby | DO
@ Potentiostat Mode| _ Potentiostatic o O Stim Range +-10V o
@ E-initial 0000V o 0 |R-Compensation 0.000 Ohm o
8 Current Gain 2 00E-08A o O Electrode Area 1.000 cm2 o
O Electrode Mode 3 Electrodes o O Ref. Electrode SCE o
O Voltage Bandwidtt 200.0 kHz o o E-zero 0.000 V o
@ Current Bandwidth 200.0 kHz o 8 OCP Potential 0.000 V o
o Control Bandwidth 30 kHz o O Lockin Phase 0.000 ° o
O Stimulus Filter 2.00E+05 o O Lockin Attenuatior 1.000 o
O Lockin Mode Off o

-

Parameters are additional values describing the experimental and measurement conditions. The Parameters are
required to interpret the data correctly. In POTMASTER we distinguish different types of Parameters depending

to which level of the data structure they relate.

Note: If possible POTMASTER will use internal values to set the Parameters. E.g. the Amplifier
Mode will be automatically read from the amplifier and stored with the Parameters. For some
Parameters it might be necessary to assign a source (e.g. AD channel or manual input) in the /O
Control section of the Configuration window. For other amplifiers than EPC 10 or EPC 9 most
of the external Parameters have to be entered manually via the I/O Control window.

In the Parameter window either theParameters that are saved with already acquired data, or the Parameters of

the last acquisition (stored or not stored) are displayed.
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14.1 Parameter Tabs

14.1.1 Root Items

& Perameters [E=3) eR =
Marked ltems Group ltems W Series ltems j Sweep ltems ] Trace ltems W
O ROOT O Titles LF EEFISETE ( Flag Group 2 ) ( Flag Group 3 ) (_Flag Group 4 )
o Date 09-Jan-1997 o Copy Flags from Info to Notebook
o Entries : 10 O ( Default Flags ) [ Target to Notebook ) [ Targetto Fils )
o ?mmm Version v8.41 9 (Clear all Flags ) (_Marked to Motebook ) ( Marked to File )
O Text a

Level 0 of the data tree. The Parameters of the Root level are:

¢ Date: Date at the time of acquisition.
¢ Entries: Number of Groups in the file.
¢ Program Version: Version number and date of POTMASTER.

o Text: A descriptive text can be entered and stored if the data file is opened in the Open Modify... mode.
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14.1.2 Group Items

Parameters EI@
[ Marked ltems 1 Root ltems _ Series ltems \] Sweep ltems 1 Trace ltems 1 Amplifier ltems \]EIPrOScan Items}
= GROUP O Titles L3 (_Flag Group 2 ) [ Flag Group 3 ) [ Flag Group 4 |

@ Header GROUP 7 o Copy Flags from Info to Notebook [ Gr1 |

O Label Inactiv. O ( Default Flags ) ([ Target to Notebook ) [ Target to File |

o Count 7 B (Clear all Flags ) { Marked to Notebook ) [ Marked to File )

O Entries 4 o

2 Exp. Number 51 u]

O Text o

o MatrixWidth 0.000 m u]

O MatrixHeight 0.000 m o

Level 1 of the data tree. The Parameters of the Group level are:

199

Header: Index number of the Group (e.g. GROUP_1).

Label: Text identifier; default label is the experiment number.
Count: Number of Group entries.

Entries: Number of Series in the Group.

Exp. Number: Number of the experiment. The Exp. Number can be incremented by creating a new Experi-
ment. An Experiment might contain a collection of different Groups with the same Exp. Number.

Text: A descriptive text can be entered and stored if the data file is opened in the Open Modify... mode.

MatrixWidth: Width of the acquired image in the Matrix Scan mode (only for data acquired with the EL-
PROSCAN).

MatrixHeight: Height of the acquired image in the Matrix Scan mode (only for data acquired with the
ELPROSCAN).
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14.1.3 Series Items

Parameters EI@
( Marked ltems 1 Root ltems ] Group ltems ( Series [tems i Sweep ltems 1 Trace ltems ]Ampliﬁerltems 1

® SERIES O Titles LF [_Flag Group 2 ) [ Flag Group 3 ) [ Flag Group 4 )

® Header SERIES 1 1 O Copy Flags from Info to Notebook [_Gr.1 |

B Label CV-FastScan |0 [ Default Flags ) ([ Target to Notebook | { Target to File |

O Count 1 B (" Clear all Flags ) ( Marked to Notebook ) [ Marked to File )

O Entries 3 u]

O Mumber Sweeps 3 o

8 User Name Username u]

& Date 14-Dec-2015 u]

B Time 11:08:31.240 o

O Timer 00:00:10.187 o

O Auxl 0.000 u]

O Aux2 0.000 u}

O Method m]

O Comment o

s

Level 2 of the data tree. The Parameters of the Series level are:

e Header: Index number of the Group and the Series (e.g. SERIES_1_4).
e Label: Text identifier; default label is the name of the Series.

e Count: Index number of the Series.

¢ Entries: Number of Series in the Group.

e Number of Sweeps: Original number of Sweeps in the Series. The number of Entries gets lower after
deleting individual Sweeps.

® User Name: Name of the user which was entered in the Configuration (5.3.5 on page 45).
¢ Date: Date at the time of acquisition.

¢ Time: Time of the acquisition.

e Timer: Timer time of the acquisition.

e User Param 1/2: User-defined external values (see Configuration, 5.7.2 on page 60).

® Aux3...6: Auxiliary Parameter fields only used when certain extension are switched on.

¢ Comment: Text identifier (see Control window, 8.1 on page 92).

* Method: Name of the used method (see E-Chem Methods, 12 on page 157)
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14.14 Sweep Items

22 Parameters E@
f Marked Items ] Root ltems ] Group ltems ] Series ltems f Sweep Items ] Trace ltems ] Amplifier ltems ]EIProScm Items]
ESNEEE O Titles LF {_Flag Group 2 ) (_Flag Group 3 ) (_Flag Group 4 )

& Header SWEEP 111 ]o CopyFlags from (Gr.1 ] Gr.2 | Gr.3 | Gr4 ) Info to Notebook

Label o Default Flags Target to Notebook Target to File

0 Count 1 B ("Clear all Flags Marked to Notebook Marked to File

O Entries 9 o

o Stim. Count 1 o

@ Time 10:05:42 199 o

@ Timer 00:00:56 234 o

O Temperature 2000C o

O User 1 0.000 vV o

o User 2 0.000V o

o User 3 0.000 V o

o User 4 000 V o

O User 5 0.000V =

O User 6 0.000V =

o User 7 0.000 v o

o User 8 0.000 v o

o User 9 0.000 V o

O User 10 0.000 VvV o

O Digital In 0000000000000000 | O

o Digital Out 0000000000000000 | o

Level 3 of the data tree. The Parameters of the Sweep level are:

¢ Header: Index number of the Group, the Series and the Sweep (e.g. SWEEP_1_4_1).

e Label: Text identifier; label of the Sweep (not the index number).

e Count: Index number of the Sweep.

¢ Entries: Number of Traces in the Sweep.

¢ Stim. Count: Total number of Series in the data tree.

¢ Time: Time of the acquisition.

e Timer: Timer time of the acquisition.

e Marker-1...4: Position of the Sweep Marker (see Markers, 20 on page 227).

¢ Temperature: Temperature value from an external device (see Configuration, 5.7.2 on page 60).
e User 1/2: User-defined external values (see Configuration, 5.7.2 on page 60).

¢ Digital In: Status of the input bits of the digital channels (see I/0 Control, 16 on page 213).

¢ Digital Out: Status of the output bits of the digital channels (see I/0 Control, 16 on page 213).
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14.1.5 Trace Items

Parameters EI@
|/ Marked ltems 1 Root ltems ] Group ltems 1 Series ltems T Sweep ltems ( Trace Items 1 Amplifier ltems WEIProScan Items}
= TRACE O Titles LF [_Flag Group 2 ] {_Flag Group 3 ] [ Flag Group 4 }

® Header TRACE 1131 |o CopyFlags from Info to Notebook [_Gr1 |

& Label l-mon O [ Default Flags ) [ Target to Notebook ) [ Targetto File )

o Count 1 B [ Clear all Flags ) ( Marked to Motebook ) [ Marked to File )

O Data Points 641 o

O File Offset 5384 m]

O Average Count 1 u] O Y-range 1.024 A u] O X-position 0.000 m

O Amplifier Mode Potentiostatic u] O Y-min -20.00mA u] O Y-position 0.000 m

O Amplifier Disk o O Y-max 60.00mA o O Z-position 0.000 m

B Data Kind Adch-lmon m| O Zero Offset 0.000 A m|

o Data Format 2-byte integer u] O Bandwidth 300.0 kHz o

O Data Factor 31.25p u] O DA Channel 1 u]

O Time Offset 0.000 s u] O AD Channel 1 u]

O Y-unit A o O Holding 0.000V o

O X-unit 5 m] o OCP 0.000 V m]

O X-interval 5.000ps u] O Electrode Area 1.000 cm2 o

O X-start 0.000 s u] O Solution m]

O Y-Dffset 0.000 A o O Solution Value 0.000 M u] y

Level 4 of the data tree. The Parameters of the Trace level are:

* Header: Index number of the Group, the Series, the Sweep and the Trace (e.g. TRACE_1_1_1_2).
¢ Label: Text identifier; label of the Trace.

e Count: Index number of the Trace.

¢ Data Points: Number of stored data points.

¢ File Offset: Offset of the data in the according memory block (minimum number is 256 which is the size of
the header).

¢ Average Count: Number of acquired Traces for the calculation of the stored average Trace.

¢ Amplifier Mode: Indicates the operation mode of the device, e.g. "Potentiostatic" or "Galvanostatic" mode.
e Amplifier: Indicates the used working electrode, e.g. "Disk" or "Ring".

¢ Data Kind: AD channel index number and kind of acquired data (e.g. Adc6-Imon).

¢ Data Format: Format of the data (either 2-byte integer, 4-byte integer, 4-byte real or 8-byte real).

¢ Data Factor: Scaling factor for the conversion of interface values into e.g. current or voltage values.

¢ Time Offset: Time delay of DA or AD channels (see Delay, 10.13 on page 126).

® Y-unit: Unit of the Y-axis.

¢ X-unit: Unit of the X-axis.

¢ X-interval: Sample Interval (see Timing, 10.6 on page 102).

e X-start: Indicates any delay of the X-axis, mostly a time delay when using a Start-Segment (see Timing,
10.6 on page 102). But it may also indicate other delays when X-axis is not time but e.g. frequency.

e Y-Offset: Y-axis offset in the Oscilloscope.
* Y-range: Maximal range of the Y-axis (one direction only). This depends on the Gain settings.

¢ Y-min: Minimum Y-value of the Trace (e.g. current or voltage).
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Y-max: Maximum Y-value of the Trace (e.g. current or voltage).
Zero Offset: Calculated Zero Offset (see AD input channel settings, 10.10.2 on page 120).
Bandwidth: Filter frequency of the acquired Trace.

DA Channel: DA channel number (see Channel Settings for DA Output and AD Input, 10.10 on
page 114).

AD Channel: AD channel number (see Channel Settings for DA Output and AD Input, 10.10 on
page 114).

Holding: Holding potential /current value.

OCP: Value of the Open Cell Potential.

Electrode Area: Size of the Electrode Area.

Solution: Name of the used solution.

Solution Value: Value entered in the selected solution
X-position: X-position value in relation to the origin.
Y-position: Y-position value in relation to the origin.

Z-position: Z-position value in relation to the origin.
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14.1.6 Amplifier Items

Potentiostat/Galvanostat state record. Describes the potentiostat/galvanostat settings at the beginning of the
Series. Available for fully software controllable amplifiers like PG 310 or PG 340.

Parameters EI@
[ Marked ltems ] Root ltems T Group Items ] Series ltems ] Sweep ltems ] Trace ltems (Ampliﬁer Items |ElProScan ltems
H Amplifier State 0O Titles IE [_Flag Group 2 ) [_Flag Group 3 ) [_Flag Group 4 ]

o List with Traces Copy Flags from Info to Notebook
Amplifier O [ Default Flags ) (_ Target to Notebook ) (_ Target to File )
0 Serial Number n.a. 2 ("Clear all Flags ) [_ Marked to Notebook | [_Marked to File )
O Calibration none a
O Recording Mode Standby o
B Potentiostat Mode Potentiostatic u] O E-initial Range +-10V (]
& E-initial 0.000 WV o 0 IR-Compensation 0.000 Ohm [u]
Current Gain 1A a O Electrode Area 1.000 cm2 o
O Electrode Mode 3 Electrodes a O Ref. Electrode SCE o
O Voltage Bandwidth 100.0 kHz o O E-zero 0.000V [u]
& Current Bandwidth 300.0 kHz o OCP Potential 0.000 V a]
o Control Bandwidth 100 kHz o o0 Lockln Phase 0.000 ® o
O Stimulus Filter bypass u] O Lockln Attenuatior 1.000 (]
O Current Filter Bypassed o O Lockln Mode Off o
& Notch Filters No a
O External Stimulus Off a
&

The parameters of the Amplifier level are:

¢ List with Traces: If enabled all flagged Parameters will be exported either to the Notebook via "Target to
Notebook", "Info to Notebook" or to a file via "Target to File" (see F1agging, 14.2 on page 208).

e Amplifier: Type of potentiostat/galvanostat used for data acquisition (e.g. "PG310_USB").
e Serial Number: Serial number of the device and revision state.
e (Calibration: Indicates if the calibration file were loaded.

® Recording Mode: Indicates the Cell Connection, e.g. "Cell", "Standby" or "OCP" (see Ce1ll Connection,
7.1.1 on page 72).

¢ Potentiostat Mode: Indicates the operation mode of the device, e.g. "Potentiostatic” or "Galvanostatic mode
(see Amplifier Mode,7.1.2 on page 73).

e E-initial: E-Initial value of the cell potential.
* Gain: Current Range setting.

¢ External Stimulus: Scaling factor when the External Stimulation Input was used (see External Input,
7.1.4 on page 76).

¢ Electrode Mode: Indicates if the 3 or 4 Electrode Mode was used (see Electrode Mode,7.1.4 on page 76).
¢ Notch Filters: Indicates if the notch filter was used (see Notch Filter,7.1.2 on page 73).

* Voltage Bandwidth: Voltage Filter setting (see Voltage Filter, 7.1.2 on page 74).

® Current Bandwidth: Current Filter setting (see Current Filter,7.1.2 on page 74).

e Control Bandwidth: Control Amplifier Bandwidth setting (see Control Amplifier Bandwidth, 7.1.2
on page 74).

e Current Filter: Type of used Current Filter, e.g. "Bessel" (see Current Filter,7.1.2 on page 74).
¢ Stimulus Filter: Stimulus Filter setting (see Stimulus Filter, 7.1.2 on page 74).
¢ E-inital Range: E-initial range setting (see E-initial range,7.1.4 on page 77).

¢ IR-Compensation: IR-Compensation value (see IR-Comp ., 7.1.4 on page 75).
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Electrode Area: Electrode Area value (see Electrode Area,7.2.6 on page 84).

Ref. Electrode: Type of used reference electrode, e.g. "SCM" or "Calomel" (see Zero Potential
(E-zero) window, 17 on page 217).

E-zero: Value of Manual Input for E-zero (see Zero Potential (E-zero) window, 17 on page 217).
OCP Potential: Value of the OCP (see Cell Connection, 7.1.1 on page 72).

Anodic Charge: Value of the anodic charge (see Potential/Current settings,7.2 on page 79).
Cathodic Charge: Value of the cathodic charge (see Potential/Current settings, 7.2 on page79).
LockIn Phase: Phase of the LockIn (see Software LockIn Extension, 24 on page 249).

LockIn Attenuation: Attenuation value of the LockIn (see Software LockIn Extension, 24 on
page 249).

LockIn Mode: "Sine+DC", "PiecewiseLinear" or "On Cell" (see Software LockIn Extension, 24 on
page 249).
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14.1.7 ElProScan Items

E Parameters EI@
[ Marked ltems 1 Root ltems 1 Group ltems 1 Series ltems 1 Sweep ltems T Trace ltems 1 Amplifier ltems -
H EIProScan 0O Titles LF {_Flag Group 2 ) {_Flag Group 3 ) {_Flag Group 4 )

O Listwith Series Copy Flags from Info to Motebook
@ 3can Mode C.D. Matrix O [ DefaultFlags ) {_ Targetto Notebook ) (_ TargettoFile )
@ Scan Alternate Yes O (TClearall Flags ) {_WMarked o Nolebook ) | Marked o File )
B Scan Axis Piezo o

B Scan Speed 100.0 ymis o

B X-origin -54 06 mm o B PullUp Distance 20.00 ym m|

B Y-origin 43.44 mm o B Piezo Step Size 10.00 nm u}

B Z-origin -21.63 mm o O Measure Interval 10.00 ms O

& X-start 57.60 nm m} & Break After Delta 100.0m O

@ Y-start -138.0 nm o @ Track SetPoint 0.000 [u]

B Z-start 6.808 pm [m] B Track Slope 0.000 O

B ¥_slope 0.000 m} B Track Kp 0.000 O

B Y_slope 0.000 o @ Stop Level 0.000 % o

B CD Amplitude 50.00 my m] B Min. Increment 0.000 m O

B CD Frequency 4776 kHz o B HPGL Scaling 0.000 o

B CD Oper. Mode Shear Force o B X Increment 100.0 ym u]

& CD Reg. Input SF Amplitude o B Y Increment 100.0 ym u}

@ CD Distance 10.00m o B Matrix X-index 0 [u]

B CD Slope Dist. 100.0 nm m} B Matrix Y-index 0 O

& Collision Prev. Yes o & Line Wait 0.000 s u]

The Parameters of the EIProScan level are:
e List with Series: If enabled all flagged Parameters will be exported either to the Notebook via "Target to
Notebook", "Info to Notebook" or to a file via "Target to File" (see F1agging, 14.2 on page 208).

¢ Scan Mode: Indicates the used Scan Mode, e.g. "TipDown", "2D Scan" or "3D Scan" (see E1ProScan menu
— Scan dialog).

e Scan Alternate: Indicates if the Alternate for a 3D- or Matrix Scan was used (see E1ProScan menu — Scan
dialog).

® Scan Axis: Indicates the scanned axis, e.g. "XX", "Piezo", or "SF Frequency" (see E1ProScan menu —
Motors dialog).

® Scan Speed: Speed of the performed scan (see E1ProScan menu — Scan dialog).
¢ X-origin: Absolute value (calibrated) of the X-axis.

® Y-origin: Absolute value (calibrated) of the Y-axis.

e Z-origin: Absolute value (calibrated) of the Z-axis.

e X-start: Starting value on the X-axis in relation to the origin.

® Y-start: Starting value on the Y-axis in relation to the origin.

¢ Z-start: Starting value on the Z-axis in relation to the origin.

¢ X slope: Compensating parameter for the X-axis e.g. if the sample and the electrode are lopsided to each
other (see E1ProScan menu — Scan dialog).

* Y slope: Compensating parameter for the Y-axis e.g. if the sample and the electrode are lopsided to each
other (see E1ProScan menu — Scan dialog).

e CD Amplitude: Indicates the used Shear force amplitude in C.D. Mode (see ELProScan menu — Constant
Distance Modes dialog).

¢ CD Frequency: Indicates the used Shear force frequency in C.D. Mode(see E1ProScan menu — Constant
Distance Modes dialog).
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* CD Oper. Mode: Indicates the used constant distance mode, e.g. "Shear Force" or "Surface Tracking"(see
ElProScan menu — Constant Distance Modes dialog).

¢ CD Reg. Input: Indicates the used Regulation Parameters for the Constant Distance Mode, e.g. "SF Ampli-
tude" or "Imon-2" (see E1ProScan menu — Constant Distance Modes dialog).

e CD Distance: Indicates the used constant distance (see E1ProScan: Scan — Const. Dist. scan modes
dialogs — Distance)

* CD Slope Dist: Indicates the slope distance for the used constant distance mode (see E1ProScan menu —
Constant Distance Modes dialog).

* Collision Prev.: Indicates if the Tip Collision Prevention for a 3D- or Matrix Scan was used (see E1LProScan
menu — Scan dialog).

¢ PullUp Distance: Indicates the used Pull Up Distance in a Constant Distance experiment (see E1ProScan
menu — Constant Distance Modes dialog)

e Stop Level: Defined deviation of the measured current size in relation to the initially measured current size
(see E1ProScan menu — Scan dialog).

* Scan Interval: Indicates the set Line Wait (resting time before each line scan) (see E1ProScan menu — Scan
dialog).

* Min. Increment: Indicates the set minimum displacement size (template resolution).

® Matrix X-index: Indicates the X-index number in the defined grid.

® Matrix Y-index: Indicates the Y-index number in the defined grid.

® HPGL Scaling: Scaling factor of the used plotter (HPGL) file (see E1IProScan menu — Settings dialog).
e Amplitude: Stimulation amplitude of the SHEARFORCE (see E1ProScan menu — ShearForce dialog).

® Frequency: Stimulation frequency of the SHEARFORCE (see E1ProScan menu — ShearForce dialog).

e Break After Delta: Break Criteria of the Constant Distance Mode, either in "V", "A" or "" (see E1ProScan
menu — ShearForce dialog).

¢ 3D Y Increment: Line scan distance of a 3D Scan.
® Piezo Step Size: Defined step size of the Piezo (see E1ProScan menu — ShearForce dialog).
* Measure Interval: Total time available for the electrode approximation and the measurement.

¢ (Calib. Interval: Measuring interval during a Constant Distance Scan (see E1ProScan menu — ShearForce
dialog).

¢ Calib. Distance: Total distance for the measuring intervals during a Constant Distance Scan (see E1IProScan
menu — ShearForce dialog).
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14.1.8 Marked Items

All marked (ticked checkboxes) Parameters will be displayed in this tab sorted according to their origin (Root,
Group, Series, Sweep, Trace or Amplifier).

Parameters EI@
J Marked Items 1 Root ltems ] Grou
GROUP
Header
Exp. Number
SERIES
Header SERIES 11
Label CV-FastScan
User Name sername
Date 14-Dec-2015
Time 11:08:31.240
Header SWEEP 111
Label
Time 11:08:31.240
Timer 00:00:10.187
TRACE
Header TRACE 1111
Label Imon-1
Data Kind Adcb-mon
Amplifier State
Amplifier
Potentiostat Mode Potentiostatic
E-initial 0.000V
Current Gain 1A
Current Bandwidth 300.0 kHz
OCP Potential 0.000V
Motch Filters MNo P

Parameter Options:

O'serRIES This checkbox is available in every Parameter tab, if there is no tick set all Parameters of this tab will not
be displayed in the Marked Items tab independent how many Parameter checkboxes are ticked.

EmSERES A highlighted red background color indicates that the display level of the tree is identical to the display
tab of the Parameters. Here, a Series in the Replay tree and the Series Parameters have been displayed.

@ Titles' If selected, the Parameter names will be exported together with their corresponding values. Otherwise,
only the values will be exported.

LF If selected, values and/or Parameter names will be separated with a linefeed when exported.

14.2 Flagging

( Flag Group2 ] { Flag Group 3 ) [ Flag Group 4 )
Copy Flags fram ([ Gr.1]Gr27Gr3 7] Gr4 ) Info to Notebook
{ Default Flags ) [ Target to Motebook ] [ Target to File )
( Clear all Flags ) [ Marked to Notebook ) ([ Marked ta File ]

Via the checkboxes (flag options) you can select information that you want to export to the Notebook window or
to a file (see section before).

Flag Groups 1...4: Four different flag groups can be defined, each containing the information for all checkboxes
in this window.

By default, Flag Group 1 contains the following flags:
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* Group: Header, Exp. Number.
e Series: Header, Label, User Name, Date, Time.

* Sweep: Header, Label, Time, Timer.

Trace: Header, Label, Data Kind.

Amplifier State: Amplifier, Recording Mode, V-Pipette, Gain, Filter 2, C-fast, C-slow.

Copy Flags from: Copy flag definitions from one group to another. First click on the Flag Group that you want
information copied into, then on the copy group button of the group whose flags you want to copy to the active

group.
Info to Notebook: The contents of the Parameters of the selected Flag Group are written to the Notebook window
when the data is replayed and when Replay — Show Tree Info is on.

Default Flags: Set the Flag Group 1 back to the default setting.

Clear all Flags: Reset all flags, i.e. no selected Parameters.

Target to Notebook: Copy all flagged information of the actual target in the Replay window to the Notebook.
Marked to Notebook: Copy all flagged information of the marked target in the Replay window to the Notebook.

Target to File: Copy all flagged information of the actual target in the Replay window to a file. You will be asked
for a file name.

Marked to File: Copy all flagged information of marked targets in the Replay window to a file. You will be asked
for a file name.
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15 Notebook Window

The Notebook window is used to display messages and warnings of the program, such as error messages, analysis
results, and information about displayed data. In many of the POTMASTER windows (e.g. Parameters, Configura-
tion, Analysis), there are checkboxes or options that can be selected to target settings and results to be written into
the Notebook window. The content of the Notebook can be stored on disk; its maximal size has to be specified in
the drop-down menu Notebook — Set Length. To keep a better log of an experiment, the names of opened files
and of executed series are written to the Notebook window.

Notebook 28-Jan-2013 =5 (E=H 55

28-Jan-2013 13:27:28 =

< | o[

When the window is activated (by clicking with the mouse pointer into it), the text editing functions are activated
and applicable in the Notebook window. Thus, the Notebook window is an editor window of the memory-resident
text file » . txt. Therefore, one can modify text in the Notebook window just as in any other text file. This option
can be used to add further information to the text file, or to get rid of messages that should not be stored to the
disk file.

The applicable menu commands are described in the Edit and Notebook menus (see Menus, 4.2 on page 21 and
4.7 on page 34).

Note: The Cut, Copy and Paste commands copy to and from the clipboard.
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16 1/0 Control Window

The I/O Control window can have the following sections:

Digital In/Out,DA-Channels,AD-Channels,Values, Serial
Out, and Parameters. Which sections and items are shown in the
I/0 Control window can be selected in the I/0 Parameters sec-
tion of the Configuration window (see 5.7 on page 56).

The idea of the I/O Control window is that the settings in the Config-
uration window ideally should be edited only during major software
setups, whereas the /O Control window should be used for Parameter
editing during data acquisition. Hence, only those Parameter should
be displayed in the /O Control window that are not set internally and
are subject to change during the experiment. These Parameters do not
have an internal source. That means, are not defined by EPC 10 or
read from a specified AD-channel. E.g. some amplifier settings such
as recording bandwidth can be entered when a non-telegraphing am-
plifier is used.

16.1 Dig-In/Out

Dig-In/Out: Control field of the digital channels. The digital input bits
are only displayed. The digital output bits can be set by selecting or
deselecting the checkboxes.

Clear: Clear all settings for the digital output, e.g., deselect all bits. The
number in the blue field represents the output bits. It can be used to set
the bits. Clear actions are written to the Notebook.

= 170 Control EI = @

Dig-ln DOOOOOOOCOOOOOOO00
: 0123456789012345
Dig-OutCOOOOOoOOoOO0CcO0O0O00d

((Clear J__0 ] MSingle Bit

DA-Channels
[0000V | 0000V | 0.000V | 0.000V |
AD-Channels
0.000V 0.000V 0.000V 0.000V
0.000V 0.000V 0.000V 0.000V
Value-1 WValug-2 Value-3 Value-4
[0000 [ o000 [ o000 [ 0.000 |
Comm-1 [ Configure )
[ Send ] |
Solution 1
| 1: Normal Frog Ringer
Temperature 2000C
Curr. Bandwidth 66.75 Hz
OCP 0.000 WV
Electrode Area 1.000 cm2

Dig-ln DOOOOOOOCOOOOOOO00
: 0123456789012345
Dig-OutCOOOOOoOOoOO0CcO0O0O00d

((Clear J__0 ] MSingle Bit

Single Bit: If selected, only one bit can be set for Dig-Out. The outputted digital value is set to the highest bit.
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16.2. DA / AD-Channels

16.2 DA / AD-Channels

DA/AD-Channels: This section allows you to set the output of the DA- DA-Channels
channels. The currently sampled voltages at the AD-channels are only ~ [_0.000V | 0000V | 0000V | 0001V |
displayed. AD-Channels

-0.000Y | 0001V | -0.001V | 0.001Y
Q.oo0v 0.000v | -0.003V | 0012V

Note: When using these DA-channels to control external devices
from the I/O Control window, make sure that the same DA-channels
are not used by other parts of POTMASTER, i.e. as

a stimulation channel in the Pulse Generator.

16.3 Values

Values (1-32) are global variables which can be used for calculations in Value-1  Value-2  Value-3  Value-4
the Protocol Editor and in the Analysis. In addition, they are used to 0000 | 0000 [ 0000 [ 0000 |
exchange information between these two program modules. In the /O Control dialog the Values are displayed
and they can be manually changed. The number of displayed Values (4, 8, 12, 16, 20, 24, 28 or 32) can be specified
in the Configuration dialog (see 5.7.3 on page 60). In addition, the names of the Values are displayed above the
numeric Values. The name can be set in the Configuration dialog.

16.4 Serial Output

Serial Port: A string can be sent (Send button) to a device via the serial Comm-1 (— Configure )
port (RS-232) of the computer. The Configure button opens the Serial ~ [_Send ]| |

Port Configuration window (see Serial Out, 5.4.9 on page 50). An example is shown in the Protocol Editor,
11.4.3.2 on page 143.

Note: This section is only visible, if the serial communication is turned on in the Configuration
dialog, 5.4.9 on page 50.

16.5 Solutions

Here, it is possible either to monitor the presently active solution or to man- | Selution 1
ually change the solution index. The solution information provided here will | 1: Normal Frog Ringer
be stored in the data file of POTMASTER.

Note: When changing the solution in the I/O Control window there will be no active setting of
external solutions. If you want to do that please use the Solution Changer event in the Protocol
Editor (chapter 11.4.3.6 on page 144) and the Solution Changer dialog (chapter 19 on page 225).

16.6 Parameters
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16.6. Parameters

Various Parameters can be selected in the Configuration window to be listed in ~  Temperature 2000C

the 1/O Control window for display or editing. E.g. if a telegraphing amplifier ~ Curr- Bandwidth -

is used the bandwidth that is read via an AD channel can be displayed. ock 0.000 v
Electrode Area 1.000 cm2

The individual Parameters are described in the context of the Configuration
window, 5.7 on page 56.
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17 Zero Potential (E-zero)

A reference electrode provides a constant potential which should not vary during an experiment. In many cases
it is necessary to relate the potentials which have been recorded with your own reference electrode, to a potential
of a special reference electrode in the literature or a user defined reference potential. The Zero Potential option
allows the selection of a desired reference potential (=Zero Potential) which is used to correct recorded potential
traces.

Clicking on the Zero Potential entry in the Windows menu will open a dialog window. In this window a reference
potential can be specified either by manual input or by a list of reference potentials. Selecting potentials from the
reference list allows additionally to relate these potentials to the Normal Hydrogen Electrode (pH 0) or a Relative
Hydrogen Electrode of a different pH value between pH 0...pH 16. Recorded potential traces will be corrected
in respect to the selected Zero Potential. The value of this Zero Potential is visible in the blue box beside Manual
Input. Recorded potential traces will be corrected against this value by clicking Done.

Note: Only the blue box beside Manual Input displays the Zero Potential which is used for a
correction of recorded potential traces. Please do not forget to select the options E vs. HE and
Use present valueinthe Pg 300 in order to see the applied potential corrections.

Manual Input: Activating this option allows typing of a user-defined reference potential in mV, for instance the
formal redox potential of Ferrocen/Ferrocinium under special experimental conditions. Clicking Done applies
the Zero Potential to recorded potential traces. The short name of the actually tagged reference system will be
stored as a comment.

Zero Potential (E-zero)

# Manual Input m\V [ Add to Comment

£ Reference Potential

£ Mormal H-Electrode to ... (pH=10)

@ Relative H-Electrode to ... pH: at 298 K

# Hg / Hg2ClI2 | KCI (sat.) 241 mV SCE

3 Hg / Hg2ClI2 | KCI (1.0 M) 280 mV NCE

£ Hg / Hg2CI2 / KCI (0.1 W) 334 mV Calomel (0.1 M)

3 Ag / AgCl/ KCI (sat.) 197 mV silver chloride (sat.)

3 Ag / AgCl/ KCI (1.0 W) 236 mV silver chloride (1.0 M)

3 Ag / AgCl/ KCI (0.1 W) 250 mV silver chloride (0.1 M}

3 Hg / Hg2504 / K2804 (sat ) 640 m\V S5E (sat.)

£} Hg / Hg2504 / K2S04 (0.5 M) 680 mV mercurous sulphate (0.5 M)
£ Hg / HgO / NaOH (1.0 W) 140 mV mercurous oxide (1.0 M)
£ Hg / HgO / NaOH (0.1 W) 165 mV mercurous oxide (0.1 M)
£+ User defined | 0 mv Iuserdeﬁned name |

[ Cancel ] [ Done ]
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Reference Potential vs. Normal Hydrogen Electrode: Some of commonly used reference potentials which are
related to the Normal Hydrogen Electrode (= NHE) can be selected by tagging the radio button beside the desired
reference system of a list of reference potentials. The potential values of the list of reference potentials are the
values related to the Normal Hydrogen Electrode at 298 K and 1013 hPa. In the last line of the potential list a user
defined option enables typing a user defined potential and short name that will be stored as a comment. The user
defined potential here is also related to the Normal Hydrogen Electrode!

Zero Potential (E-zera)

3 Manual Input 290.0 mV ] Add to Comment

#® Reference Potential A selected potential trace will be
corrected versus the Zero Potential
@ Normal H-Electrode to ... (pH=10) value in this field

3 Relative H-Electrode to ... pH: at 208 K

{1 Hg / Hg2CI2 / KCl (sat.) 241mV  SCE

{1 Hg / Hg2CI2 / KCl (1.0 M) 280mV  NCE

3 Hg / Hg2CI2 / KCl (0.1 M) 33 mV  Calomel (0.1 M) List of reference
{3 Ag / AgCl/ KCI (sat.) 197 mv silver chloride (sat.) potentials

3 Ag/ AgCl / KClI (1.0 M) 236 mV  silver chloride (1.0 M) the potentials
@® Ag/ AgCl / KCI (0.1 1) 290 mV  silver chloride (0.1 M) are related
3 Hg / Hg2S04 / K2504 (sat.) 640mV  SSE (sat) to ftthhe F‘_Ot?m."‘?'
{2 Hg / Hg2S04 / K2S04 (0.5 M) 680 mV  mercurous sulphate (0.5 0 —-T-%|'-;I;|erga
3 Hg / HgO / NaOH (1.0 M) 140 mv mercurous oxide (1.0 M) Electrade

3 Hg / HgO / NaOH (0.1 M) 165 mV mercurous oxide (0.1 M)

2 User defined | 0 mv Iuserdeﬁned name \ }

[ Cancel ] [ Done ] ‘

Reference potential vs. Relative Hydrogen Electrode: The potentials of the potential list can be related to a
Relative Hydrogen Electrode. The pH differs from pH 0 (activity 1 of the H3O"-ions) and the potentials of the
Relative Hydrogen Electrode is calculated in dependency of the pH value assuming a potential difference of 59.2
mV per pH at 298 K and 1013 hPa. The pH can be varied between 0 and 16, the calculated potentials of the Relative
pH-Electrode are listed in the following table.
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Table 17.1: pH dependence of the potential of the Relative Hydrogen Electrode at 298 K (1013 hPa)
pH Potential [mV]
0,0

59,2

118,4

177,6

236,8

296,0

355,2

4144

473,6

532,8

592,0

651,2

7104

769,6

828,8

888,0

947,2

OO |G| WO IN|~|O

—_
o

—_
—_

—_
N

—_
W

—_
S

—_
Q1

—_
(o)}

Selecting now a reference potential of the reference potential list, the potential of the Relative H-Electrode is added
to the selected reference potential.

List of reference
potentials,
the potentials
are related
to the potential
of the Normal
Hydrogen
Electrode

Done: Applies the Zero Potential to a selected potential trace and closes the window Zero Potential. The value of
the Zero Potential will remain in the window and all potential traces are corrected versus it until a new change is
done.

Undo: Sets the window to the default settings, no corrections of the recorded potential traces are done.
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Cancel: Closes the window Zero Potential, no corrections are applied to selected potential traces.
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18 Solution Base

In most electrophysiological experiments bathing solutions are changed during the experiment. Thus, it is of great
importance to keep track, which solutions were on both sides of the membrane.

POTMASTER provides two ways to handle solution changes during your experiments:

1. A simple one is to use the entry Solution in the /O Control window. To ' galution 0 ]
activate this option please go to the Configuration window and active the
Show Solution checkbox in the I/0 Control tab.

You can set the entry manually or via the event Set Solutions in the Protocol Editor (11.4.5.2 on page 150).
The numbers can be the entry of an external list of solutions, or the index of a specific solution in a POTMAS-
TER Solution Data Base (see 18.1). In case you are using a multiple amplifier and you selected Show
Amplifier Solutions in the Configuration (5.7.2 on page 60) you have to specify the used solutions for
every amplifier. The solution indices are stored together with the recorded data and can be reviewed in the
Parameters window (14.1.5 on page 202).

. A more advanced method is to create a x . sol file. Such a data base is a Tree of solution entries ordered by the
given identifying index.

This way the indices stored with the data are converted to solutions from the Solution Data Base. Here, it is also
possible to use the event Set Solutions in the Protocol Editor (11.4.5.2 on page 150).

18.1 Activating the Solution Base

First, turn on the Solution Base in the Configuration window (5.5.2 on page 52). If no Solution Data Base has
been loaded before and stored with the current configuration, a dialog box shows up asking you if you want to
open an existing data base or creating a new data base.

Mo Solution Base defined yet:

Cancel Create MNew | Find File |

During the experiment, solutions can be set either via the I/O Control window (16.5 on page 214) or via the Set
Solutions event in the Protocol Editor (11.4.5.2 on page 150).
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18.2. Using Solution Indices

18.2 Using Solution Indices

The indices can be given to solutions in any arbitrary way but it certainly is of advantage if one sticks to some
consistent concept in order to be able to identify solutions by their index easily. Since the solution indices are
numbers between 0 and 2'147°483'648 (many more than you will find bottles in the laboratory), there is plenty of
freedom to organize them.

Here is an example: Usually one has several standard solutions, which are frequently used and modified slightly
for various experiments. One could assign numbers divisible by 1000 or 10000 to them. Then one has 999 or 9999
possibilities for modifications of this solution, respectively. An example would be that certain concentrations of
toxin are added to the standard solution 1000 yielding numbers 1001 through 1099. Another toxin could occupy
the numbers 1100 through 1199, etc..

Note: The indices given for internal and external solutions are pointing into the same Solution
Data Base. It is therefore a good idea to index internal and external solutions such that they are
consistent and easily identifiable. For example, you could use odd thousands (or ten thousands) for
external solutions and even thousands (or ten thousands) for internal solutions.

18.3 Solution Data Base

Solution Base

[ 1 ]lNormI Frog Ringer | 1 entry

MNumeric Name|Free Ca | 1.80m |
pH [720 JnaoH | Osmol.| 286.m |  (Duplic Eniry]
Delete Entry
Index Ingredient Conc.
i e
2 |[Kcl 2.50 mM —
3 ||caCi2 1.50 mM [ Export Label |
4 _|[{Hepes 10.0 mM xport Listing

m
c
Z||2

2

To open the Solution Data Base you have toselect Solution Base in the Windows menu of POTMASTER.

Solution Index: Index number for the solution. By clicking into the field you are able to enter a defined index
number directly which might be helpful if you have a large Solution Data Base.

Name: Name of the solution.

Numeric Name: An editable field that may hold a feature of the solution that is not easily determined from its
ingredients (e.g., free calcium concentration, etc.).

Numeric Name Value: An editable field containing a number or value (Osmolarity, pH) which is in relation to
the name entered in the field Numeric Name.

pH: Holds the value of the pH of the solution and the substance used to adjust it.

Osmol.: Holds the value of osmolarity of the solution.
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18.3. Solution Data Base

Ingredient / Conc.: Each ingredient is defined by its index number and its concentration in the solution.

Insert, Append, Delete: By clicking into an index number of the solution ingredients options for modifying the
solution content get available:

¢ Insert: Creates a new entry line for an ingredient before the selected index number.

¢ Append: Creates a new entry line for an ingredient at the end of the ingredient list.

¢ Delete: Deletes the selected ingredient.

Entries: Number of entries in the solution data base.
Create / Duplic. / Delete Entry: Used to generate, copy, and remove solutions in the data base.
Next / Last Entry: This option moves through the data base by selecting the next or last available solution.

Export Label: This is used to output labels of the shown solution:

* ASCII File: Exports the solution information as an ASCII text file (. label).
® Printer: Two labels with two different size containing the solution information are created.
e Igor Text: Exports the solution information as IGOR text (. Label).

* Notebook: Exports the solution information to the Notebook.
Export Listing: This is used to output a list of the entire solution file:

* ASCII File: Exports the index number and the name of the solutions as an ASCII text file (x . List).
e Printer: Prints the index number and the name of the solutions.

e Notebook: Lists the index number and the name of the solutions in the Notebook.

SAVE: Saves the file to disk.
UNDO: Reverts the edited solution to its original form.
DONE: Exits the dialog.
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19 Solution Changer

The Solution Changer dialog can be accessed via the Windows menu of POTMASTER. The Solution Changer dialog
has two main purposes:

1. Manage analog or digital outputs of your perfusion system

2. Align external or internal solutions to the perfusion system

Thus, using the Solution Changer helps to keep track with the solutions used during an perfusion experiment.
The solution information is stored in the data file of POTMASTER. To look up this information use the Parameters
dialog.

Any external perfusion system with analog or digital inputs can be used together with the Solution Changer and
e.g. an EPC 10 USB amplifier.

Solution Changer EI =] @
[ Control 7| Configure |

Index Solution
Of #® Set
Solution 1 O Set 0 undefined
Solution 2 >+ Set 0 undefined
Solution 3 O Set 0 undefined
Solution 4 O Set 0 undefined
Solution & >+ Set 0 undefined
Solution 6 O Set 0 undefined
Solution 7 >+ Set 0 undefined
Solution 8 O Set 0 undefined
Solution 9 O Set 0 undefined
Solution 10 T Set 0 undefined
Solution 11 3 Set 0 undefined
Solution 12 T Set 0 undefined
Solution 13 3 Set 0 undefined
Solution 14 3 Set 0 undefined
Solution 16 T Set 0 undefined
Solution 16 3 Set 0 undefined

The Solution Changer dialog has two main tabs. In the Control tab one sets the active perfusion channel manually
("Set"). Further the solution index and the solution name from the Solution Base is displayed here. By clicking
into the selection field it is possible to change the solution index/solution name.

Note: The solution selection does only work if a Solution Base is defined and loaded.
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Solution Changer

Off
Solution 1
Solution 2
Solution 3
Solution 4
Solution 5
Solution &
Solution 7
Solution 8
Solution 9
Solution 10
Solution 11
Solution 12
Solution 13
Solution 14
Solution 15
Solution 16

Control Configure
16 Solutions

off
External Solution off
External Solution off
External Solution off
External Solution off
External Solution off
External Solution off
External Solution off
External Solution off
External Solution off
External Solution off
External Solution off
External Solution off
External Solution off
External Solution off
External Solution off
External Solution off

In the Configure tab you can define up to 16 solutions used in the perfusion experiment.
Further you can define if the used solutions is an internal or an external solution. In
the last column one defines the output channel e.g. analog or digital. If an analog
output is selected you will have to define the voltage amplitude necessary to activate

the perfusion channel.

Note: Please do not forget to define an output channel for the "Off” position.
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DA-0
DA-1
DA-2
Stim-DA
DA-4
DA-5
DA-6
DA-7
off
Dig-out (word)
Dig-0
Dig-1
Dig-2
Dig-3
Dig-4
Dig-5
Dig-6
Dig-7
Dig-8
Dig-9
Dig-10
Dig-11
Dig-12
Dig-12
Dig-14
Dig-15

Clear all
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20 Markers

The Markers dialog can be opened by selecting Markers from the Windows menu.

Markers

New Marker

Add Marker

Edit Marker

Show Marker

Text
Trace
Time

Text
Trace
Time

(=] & =S

Marker 1
Sweep
From Sweep)
1 of 1
Marker 1 |§|
Sweep

14-Dec-2015 14:48:13.290 IE‘

[ Write to Notebook )

With this dialog, Markers can be set at any time during a running experiment even between Sweep acquisitions.

A Marker is drawn as a blue vertical line in the Oscilloscope.

20.1 New Marker

In this section one can add Markers and define the name of the label.

Add Marker: Adds a new Marker to the data file. The Marker Text and the target Sweep/Trace information is

stored as well.

Text: Enter a label for the Marker you want to add.

Trace: A Marker can be linked either to a Sweep or a Trace which can be specified by this selection menu.

If the Marker is defined for a Sweep it is labeled "[i] Text". The i in square brackets indicates the number of the
Marker in the list (index number) and "Text" shows the label of the Marker.

227
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20.1. New Marker
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1.1 1of1

o =N

=%

T =

of

!

m Q

5 g

g 3

v S

s 3
SGIF e RIEE e 2 ARBEIRECECECERE eERe
2l =2 @ A wnmm% = ES 8 5 b= = (B (Al = A wnmm% & =
o | 1 == . o = = = S o ]| 2 b [ N o = = =
2 1M T A e I A= S EE S E A = B
d2H L2 12132213 2 =B 18l & T = 2B SHELE (271571213 £ =212 E
& & = |= < ||| & w|™ Ja [=] mﬂ L] o == ||| in w|™ Ja [=]
1 1 1 1 1 1 1 1 1 1 - [ 1 1 1 1
. A s wllc A
_ : : : _ : : : : : 4 o all : : : _ : : : : :
A R g 9 = R
S S RCDT EEECEAELEE] EECEE R RRERESEEEETEEEEE 8 3 | Sl BECEE R RRERESEEEETEEEEE
A A £ (0]l 8 ¢ A
! ' ' ' ! ' ' ' ' ' < 5 ] | = ' ' ! ' ' ' ' '
SRS SRS NS SRS AP S RS SR SOS S =R e | S O S S S RS SR SOS S
. A ? 8 e A
1 1 1 1 1 1 1 [ 1 1 e o 1 [
! " " " ! " " " " " &g i " _ ! _ _ _ _ _
[ [ A [ A S [ [ [ [ | o ﬂ 0 = N S [ A S [ [ [ [ |
e I £ 5 ol e — — T
. A B all: .,
! ' ' ' i i i i LR R ! ' ' ' ! i i i e
i SECEECEEEE! PEPEEAREPES EEPES e BEGEE SEEERE SRR L 2 | R TRt EEEEE e BEGEE SEEERE SRR
o L o $ g ol 0 =
. : : : : < = m o |5 : : : : <
. A B A [
SERCCTTEETTESEPUET PECEEEETEES ERLEE ik abLEET SEP AP = % || EEEEEETECEEEELEEET FOPEEEEERES EEREE ik abLEET SEP AP
R . =g =0 = | R A .
R . - & & —|I [
e edlgll Za g BRI . -
= -3 Sy g A R
= e < % 5 | A S Y
R S e L, 8 &3 D |l R N
A A 2L R . . A
A R v B S T A R
R U R S S S T ST K = T S T
[ R AR A1 DR N s S g
I S s g9 =R S N R
| ' ' ' | ' ' 1 ' (=11 - D < m 4= ' ' ' | 1 1 1 1 (=]
e SRl EEEEEEEEEE) EEEEE R RRERESEEEETEER S £ 8= E (Ot R RRERESEEEETEER S
" " " " " " " " Do - 53 sl " " " " " " " -
A O eg 5 B~ [
1 1 1 1 1 1 1 1 1 1 . = 1 1 1 1 1 1 1 1 1
B b R S A S g &8t Il b R B S A S

< = Y

|2}

2= <

~ g .M

L g

<= oz

5.8 ¢

.- h

=57

.houp [

+— © %O

pu=t M <

Time: The time of a new Marker is the actual time if the field is empty. It can be the given time in the time
format "hh:mm:ss.mmm" e.g. if you add a Marker offline. Optionally the time format may be preceded by a date

yyyy/mm/dd".

"
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20.2. Edit Marker

From Sweep: Gets the time information of the Sweep selected in the Replay tree.

20.2 Edit Marker

Marker Index: The Marker index e.g. "1 of 7" indicates the index number of the selected Marker in the Marker
list.

Show Sweep: Selects the according Sweep in the Replay tree and replays it in the Oscilloscope.

Show Marker: Shows the appropriate Marker information in the Marker list if the selected Series in the data tree
owns a Marker.

Delete: Deletes the selected Marker.

Text: Modifies the label of the set Marker.

Trace: Modifies the link (Trace or Sweep) of the set Marker.

Time: Displays the time information of the selected Marker.

[2]©] : The two arrow buttons enable to scroll through the list of added Markers.

Write to Notebook: Writes the time information of acquired Series and set Markers into the Notebook.

EL] Motebook_03-Feb-2015 = e

-

2015/02/09 08:42:24.731 series[1l_1] Continuous
2015/02/09 08:42:59.707 series[l_2] Continuous
2015/02/09 08:43:15.572 series[l_3] Continuous
2015/02/09 08:43:43.091 series[1l_4] Continuous
2015/02/09 08:44:34.212 series[l 5] Continuous
2015/02/09 11:06:49.682 series[1l_&] IV
2015/02/09 11:11:15.726 series[1l_7] Continuous
2015/02/09 11:17:49.161 series[1l 8] Continuous
2015/02/09 11:18:00.471 series[1l_9] Continuous
2015/02/09 11:20:27.845 series[1_10] IV
2015/02/09 11:20:32.962 marker[0] Hello
2015/02/09 11:20:37.236 marker[0] Marker 2 —_

< | o[

Note: In the Protocol Editor event "Set Solutions” it is possible to add Solution Markers. The
Markers set there are also included into the Markers list.
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20.2. Edit Marker
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21 Calculator Window and Equations

Equations are a very flexible way to perform complex calculations within POTMASTER. Equations can be used
at various places, such as Analysis, Trace Buffer, or for DA-Scaling. In addition, a separate Calculator window
allows to use the equations syntax as replacement of the calculator provided by the operating system.

Calculator EI@
pi+2732 || 21142 |
Equation | | | Select Equation | [Sa'-;e E-:uaticn]

(Loap ][ sAvE |

In case an equation has to be edited in the Analysis, Protocol Editor or Trace Buffer, then the following dialog can
be opened by pressing on the Edit button.

Equation:

Results:
| | 00000 |

Equation Select Equation | | Save Equation
| || | ( )

((Loap ][ sAavE ) (Ccancel ) [(_Done )

~

Command Line: Enter the equation string into this field.
Results: The result of the equation will be shown here.

Equation: You can enter an equation name which will be loaded into the Command Line after pressing RETURN.
Alternatively if an equation was selected by the option Select Equation the equation name will be displayed in
this field.

Select Equation: After loading an equation file you can select already stored equations.

Save Equation: For saving an equation enter a name in the Equation field and press the Save Equation button.
When the entered name does not already exist in the equation file you will be asked if you want to save it as a
new entry.

: Prints a help text on the equation syntax to the Notebook.

LOAD: Brings up a file selector to open an equation file (e.g. Equation.txt).
SAVE: Saves the modifications made in the equation file.

Cancel: Closes the dialog without accepting the equation.

Done: Accepts the new equation string and closes the dialog.
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21.1. Equation Syntax

21.1 Equation Syntax

Normal math syntax is to be used. All 3 types of brackets ('("and’)’,’['and’]’,’{’and’}’) are equivalent and can be
freely used and nested. The opening and closing brackets must match.

Math functions:

e +,-* /," (power), % (remainder)

& (and), nor, or, xor: bit operation on integer values
* >, <, =: boolean operations: true=1, false=0
¢ round: rounds towards nearest value using the banking rules (-2.5 — -3.0)
e trunc: rounds towards the smaller amount (-2.5 — -2.0)
e ceil: rounds towards the positive (-2.5 — -2.0)
¢ floor: rounds towards the negative (-2.5 — -3.0)
* exp, sqrt, In, log
® sin, cos, tan
e arcsin/asin, arccos/acos, arctan/atan
® abs, rad, deg
¢ random: returns random number between 0.0 and 1.0
e {[i], i = online function index=1...n
* pli], i = amplifier parameter index =1...n
— pl0] — Icell (Direct Current Monitor value)
— pl1] — Ecell (Cell Potential Monitor value)
- pl2] — Overload (Overload status)
- pl[3] = OCP (Open Cell Potential value)
— pl4] — ElectrArea (Electrode Area value)
- pl5] — Temp (Temperature value)
- pl6] = AnodicQ (Anodic Charge value)
- pl7] — CathodicQ (Cathodic Charge value)
— pl8] — Userl (User-defined parameter 1)
— pl9] — User2 (User-defined parameter 2)
- p[10] — Timer (Time of the Timer)
- p[11] — Time (Time)
- pl12] — Xpos (EIProScan specific parameter)
- pl[13] — Ypos (EIProScan specific parameter)
- p[14] — Zpos (EIProScan specific parameter)
- p[15] — PiezoPos (EIProScan specific parameter)
e v[i],i=valueindex=1...n

e icon[icon descriptor], e.g. “icon[E VHold]'
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21.2. Equations - Where to Use

Constants:
* e pi

Special case:

'@’ as the first character will replace the given label by the formula in the equation file with that label. E.g. ‘@first

1+2’ results in "1+2’.

Comments:

Anything after ’;’ is considered a comment.

21.2 Equations - Where to Use

21.2.1 Analysis

The Equation functions in the Math and Trace section of the Analysis Function dialog provide the possibility to
assign the result of an equation to a function. The advantage of the equation is to perform multiple steps of a
calculation with just one function. In an equation of the Analysis function the results of other Analysis functions

Trace Param.
{3 Trace Count
 C-slow
 R-series
 Rsvalue

> Leak Comp.
 M-conductance
{ Cell Potential
{ Seal Resistance
{3 Pip. Pressure
£ Int. Solution

3 Int. Sal. Value
 Ext. Solution
 Ext. Sol. Value

Sweep Param.
¥ User_1

3 User_2

3 Temperature
{2 Digital-in

Math Trace
{# Equation 2 Trace
O Yy yatpos=x Eguation
3 Constant 3 Q = Integral
Ja+h {31/ (trace )
Qa-b o1/(Q)
Tra*b I ( trace )
Oalb Omn(Q)
Crainb 2 log ( trace )
{3 abs Cilog (Q)
3 log {3 dt = Differential
 sqrt %t Trace x-axis (time)
7 arctan {7 Stimulus
Cla
O 1log
O st
{3 1/arctan
Equation | 4*pi-10

Edit

Mame Pi calc. | [[ Done

]] [ Cancel

can be easily combined.

Math - Equation

Spectra
£ Frequency
£t Distribution

Histogram
£ Histogram Ampl
2t Histogram Bins

The following additional identifiers can be used in the Math - Equation function:

e {[i], i = online functionindex=1...n

* pli], i = amplifier parameter index =1...n

e v[i],i=valueindex=1...n

* icon[icon descriptor], e.g. “icon[E VHold]'
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21.2. Equations - Where to Use

Example - working with the icon descriptor: A parameter of the Parameters window can be easily plotted in the

Analysis graph.

Trace Param. Math Trace Spectra
2 Trace Count ® Equation {3 Trace {3 Frequency
{3 C-slow O Y(x) yatpos =x {3 Equation {3 Distribution
¥ R-series {7+ Constant {+ Q = Integral
3 Rs-value Ca+h 1/ (trace ) Histogram
b Leak Comp. Ta-b G1/(Q) {7 Histogram Ampl
2 M-conductance Ca*b 3 In ( trace ) {2 Histogram Bins
i Cell Potential Cralb Cin(Q)
£} Seal Resistance rainb  log ( trace )
i Pip. Pressure 7t abs Clog(Q)
2+ Int. Solution  log ¥ dt = Differential
2 Int. Sol. Value O sqrt {2 Trace x-axis (time)
¥ Ext. Solution {7 arctan £ Stimulus
3 Ext. Sol. Value ia
3 1/log
Sweep Param. O Aisqrt
3 User_1 3 1/arctan
¢ User_2
2 Temperature
© Digital-n Equation |icun [D AmplCslow]
MName "C-slow” | [ Done ] [ Cancel ]

As equation string you choose the icon descriptor of the C-slow parameter from the Parameters window. Please
note that the Parameters window has to stay open to access the value of this icon. However, you may minimize
the window. The advantage of using the C-slow parameter from the Parameters window instead of the Amplifier
window is that the Parameter is available also during offline replay and analysis of the acquired data.

Trace - Equation

Analysis Functions

Switch to Control Windo]

4 Mean end ] 5[  Time

X-, ¥-seg. Offset

0 Cslow” Iy J G| I3[

(_NEW [ DELETE )[ MOVE )

Trace # | Trace |

( Cursor Bounds (%) )

[not stored in Value

[ Motebook

The Analysis Function Trace - Equation provides the possibility to scale a Trace before plotting it in the online
graph. The advantage of the equation is to perform multiple steps of a calculation with just one function. In an
equation of the Analysis function the results of other Analysis functions as well as other trace data of the selected
trace can be easily combined.

In addition to the identifiers of Math - Equation the following identifiers can be used:

¢ y: The trace y-value, i.e. "amplitude”

i: The index of the trace data point
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x: The trace x-value, i.e. "x-axis value = x-start + index * x-increment"
Q: The integral up to the respective index, i.e. "(y[i] + y[i-1]) / 2 * dx"
dt: The differential between present and preceding y-value, i.e. "(y[i] - y[i-1] / dx)"

tb[i]: The y-value of equivalent sample in buffer i, i = buffer index, 1...4

tr[i]: The y-value of equivalent sample in trace i, 1...n. One can use the trace-ID (e.g. "I-mon") to specify a
trace instead of the numeric trace-count "i". The text must be identical to the text in the trace-count menu.



21.2. Equations - Where to Use

21.2.2 Trace Buffer

In case you would like to permanently modify (rescale) acquired data or at least let the rescaled data then run
through the Analysis then you can use the equation functionality of the Trace Buffer menu or protocol event.

An example: As Trace 3 we acquire the frequency dependence of the Admittance (Gain). This is an output
Trace of the Spectroscopy Extension. The X-axis of the Admittance Trace is scaled in frequency units. The
Admittance itself is scaled in linear units. For some applications it is useful to rescale the Admittance in dB units.

Trace Buffer

OSkip  Delay

| Source Trace-3 || add to il Buffer-3 |
@ Clear Bfr
[Equation ] | (o)

OUpdate Display OUpdate Analysis

The protocol event above shows the following: We take Trace 3 as source, clear the destination buffer, add the
source to the buffer-3, apply the equation (here we calculate 20*log(y), y = values in the destination buffer after
performing the operation), and then put the result back into Trace 3. Now we can run Trace 3 through the Analysis
again and apply the analysis function on an Admittance (Gain) Trace, which is now scaled in decibel. E.g. we can
apply the Time to Threshold function with a threshold of -3 (dB) to search for the cutoff frequency.

The operands are identical to the ones used in Trace - Equations (see 21.2.1 on the preceding page).

21.2.3 DA Scaling
Special Operands:

¢ ampl = The value for output or amplitude as defined by the PGF-stimulus. Used for equations in DA-Scaling
only.
In the following we will describe how to output two consecutive pulses with exponentially increasing voltages.

We first enter in the I/0 Control pane of the Configuration window for the DA Scaling an equation of a single
exponential (5.7.1 on page 57). As Parameters we use the values 1 to 3. As time or x-value we use the Ampl
Parameter of the stimulus.

Scaling Equation of Dac-0:

Results:
1121 explampi3) | 00000 |

Equation Select Equation | | Save Equation
| \ | ( )

) o) Cone)

~

In a second step, we define the appropriate segment pattern for the DA 0 channel and select Use DA Scaling. In
segments of amplitude 0 a constant voltage is put out. In case we want to generate the exponentially increase,
we set the segment type to Ramp and choose for amplitude and duration the same value (1 Volt corresponds to 1
Second). In case the amplitude has to be reset to zero, we insert a constant segment with duration 0 and amplitude
0.
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21.2. Equations - Where to Use

Segments [§][¢] @Store1 [EStore2 [EStore3 [EStore4d [@Store5  OStor

Segment Class Constant Ramp Constant Ramp Constant

Amplitude 0.000 F 100.0m | 0.000_J 100.0m | 0.000
Duration [ms] 100.00 | 100.00 | .i!ili-'_ 100.00 | 100.00 |
fact.fincr. | ' ': | |

t-incr. Mode [ [ '
t-fact fincr. [ms] ' '

Draw: Active Channel, all Sweeps] Delay: DA 0.00s | AD[ 000 5 Amplitude (display)
0.000 O Setla

Leak Pulses
Mo of Leaks
Leak Delay
10.0mV | Leak Size

50 0m Leak Hold

We now set the Values 1 to 3 as desired via the I/O Control window and execute the sequence. The result is shown
in the Oscilloscope window. By changing the values 1 to 3 the stimulus can be easily adjusted.

127 10of1 [ Measure I Scan ] [Freeze ][ Wipe ](_Repaint
Overl_Swp
""""""""""""""""""""""""""""""""""""""""""""""" (Cverl.Ser)

I

Dig. Filter

. _—
Y-scaldR) =L /O Control =] 2 =]

Dig-ln OOOOOOOOOOOOOOOO
Y-offs &5 0123456789012345
[000 | Dig-Outoooonooooooooooo

(Auto Swp) Clear 0| [ESingle Bit
DA-Channels

-------- Start Time [ 0.000v_| 0000V | 0.000v | 0298V |

% AD-Channels

T

'

'

'

'
R R
R
R W
e
R W
e
R

L o S R R SO End (R) 500V | 0000V | -0.001V [ -10.984V]
; | | ; ; ; ; ; 1000 % | [~gozov | -0.008V | -0.002V | -0.003V |
E ; ; : : : : : Page R} "\ o1 valie? Vale3s  Valued

by e0 0 ms Y100y T pooeeees foeeenes poeeeees boeenns [[ 1.0 ]8] o000 ] 1000 ] 1000 ] 0000 |

X 500ms [ Y100V

21.2.4 Values

Set Value
OSkip  Delay
| Value-1 || =equation || |

The protocol event Set Value provides the possibility to assign the result of an equation to a value. The advantage
of the equation is to perform multiple steps of a calculation with just one protocol event. In an equation of the Set
Value event results of the Analysis can be easily combined. Therefore the definitions are identical to the ones in
Math - Equation (see 21.2.1 on page 233).
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22 Photometry Extension

This chapter provides a brief overview of the settings for each of the Photometry Extensions mentioned
above. A complete tutorial/exercise for photometry measurements using POTMASTER is provided in the PATCH-
MASTER Tutorial.

After starting POTMASTER, open the Configuration window and select the appropriate Photometry Extension
in the Hardware section of the dialog. The options are:

TILL Photonics / Cairn OptoScan

DG-4 / DG-5

Lambda-10
e PTI DeltaRAM

Some controls are independent from the photometry hardware. These controls are described in this section. Hard-
ware specific options will be described below.

R-max 1.0000E+00 | R-min 0.0000E+00 | Kd * Sf 1.0000E+00
Background{ 0.0000E+Q0 | BackgroundZ 0.0000E+00 | Backgroundd 0.0000E+00
Dead Time 200 ms [ Compute Traces of Marked Targets )

R-max, R-min: Minimum and maximum ratio (F1/F2).

Kd*Sf: Effective Kd (dissociation constant) of the dye.
Note: These values are required for calculating the free calcium concentration (according to
the Grynkiewicz formalism). The calcium concentration can be stored as a Trace by use of the
"Photo_Ca"” input channel in the Pulse Generator dialog.

Background 1...3: Background fluorescence for the three wavelengths F1, F2, F3.

Note: The parameters R-max, R-min, Kd*Sf and Background 1... 3 are stored as ”Series Param-
eters” with the raw data file and are listed in the Parameters dialog (see figure below).

O Photo1 Backgrouw 0.000 ul
O Photo2 Backgrow 0.000 O
O Photo3 Backgrouw 0.000 ul
O PhotoCa Kd 1.000 m]
O PhotoCa Rmin 0.000 m]
O PhotoCa Rmax 1.000 ul

Dead Time: Time to allow for settling of the commanded wavelength before starting the image exposure.

Compute Traces of Marked Targets: This function allows to recompute stored "Photo" Traces (Photo_W1,
Photo_W2, Photo_W3, Photo_R, and Photo_Ca) with modified fluorescent background values.

237 POTMASTER e June 2023 ¢ www.heka.com



22.1. Photometry Configuration TILL Photonics/Cairn OptoScan

22.1 Photometry Configuration TILL Photonics/Cairn OptoScan

This Photometry selection can either be used with the TILL Photonics Polychrome or the Cairn
OptoScan monochromator.

Photometry: TILL Photonics / Cairn OptoScan E\ =] @
R-max 1.00E+00 | R-min 0.00E+00 | Kd* Sf 1.00E+00
Background1 | 0.00E+Q0 | Background?2 | 0.00E+00 | Background3 | 0.00E+00
Dead Time 2.00 ms [ Compute Traces of Marked Targets )

[ Undo |[ Set Defaults ] Emit-1 0.00V
Emit2[ of | 0.00V
Resting Wavelength [ 280 nm | Excit [DAT] -9.95V | 280 nm |

| No Shutter |

[ Hide [ Show Calibration |

Wavelength Calibration [ Polychrom |-V |

from |-10.00V | to| 10.00V | [Compute Factors|

wavelength - lower - volt wavelength - upper - volt
| 380nm | [Scan] | 450V | | _505nm | [ Scan ] 250V |
Wavelength to Valis
Slope Offset Angle &

[ 7.2500E-02 |[1.8200E+00 |[ 30° |

Undo: Resets all changes made since the last opening of the Photometry window.

Defaults: Resets all changes to the default entries.

Resting Wavelength: Wavelength to be set during resting periods.

Set: Only after pressing the Set button the wavelength entered in the Resting Wavelength field is output.

Shutter Selection:

* No Shutter: No shutter available.
¢ Shutter Control: Shutter can be closed/opened via a button.
¢ Digital-out 7: Shutter control via digital output.

Emit-1, Emit-2: Select the AD channels for sampling the photometry responses. Emit-1 is always active whereas
Emit-2 can be turned off. It may be used for dual emission fluorescence experiments.

Excit.: Select the DA channels for the voltage output. This function is used to control the monochromator. Once it
is calibrated, the output can be defined either in Volts (left) or in nm (right).
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22.1. Photometry Configuration TILL Photonics/Cairn OptoScan

22.1.1 Wavelength Calibration

( Hide [ Show Calibration |

Wavelength Calibration from |-10.00V |to | 10.00V | [ Compute Factors |

wavelength - lower - volt wavelength - upper - volt
| 380nm | [Scan] [ -450V | [ 505nm | [Scan] [ 250V |

In this area the monochromator is calibrated, i.e. the relationship between output voltage and the wavelength is
defined. To do so, voltage ramps ranging between the values specified by from...to are output when the Scan
buttons are pressed. This is done for two bandpass filters with known transmission maxima. The corresponding
wavelengths are entered in the wavelength fields. After both scan operations, i.e. when the voltages correspond-
ing to the peak transmission have been determined successfully, the calibration constants for the control of the
monochromator are calculated upon Compute Factors is pressed.

from - to: Scan range for voltage ramps. For a single bandpass filter usually the full range of +10 V can be
scanned. However, when a single multi-band filter is used, the scan range has to be limited in order to detect only
the peak of interest.

Compute Factors: Compute calibration constants based on the determined relationships of wavelength and volt-
age.

wavelength: Enter here the maximum of the bandpass filter (in nm).

lower - Scan: Do the scan for the low-wavelength calibration filter.

Volt: This field shows the voltage corresponding to the peak transmission.

upper - Scan: Do the scan for the high-wavelength calibration filter.

Volt: This field shows the voltage corresponding to the peak transmission.

Wavelength to Volts: Slope, Offset and Angle are internal calibration constants used to control the monochroma-

tor. These values are the result of the calibration procedure.

Wavelength to Volts

Slope Offset Angle &
| 7.2511E-02 || 1.8235E+00 || 30° |

The conversion between voltages and wavelength is done as follows:

F(\) = arcsin()\/1666.67 « cos(r/360°  3)) (22.1)

V = (27 % F(\) — Of fset)/Slope (22.2)

A = (1666.67 % cos(m/360° * B) = sin((Slope * V + Of fset) /2) (22.3)
Slope = 21  (F(\1) — F(X2))/ (Vi = Va) (22.4)

Of fset = 2m + F(\1) — Slope * V3 (22.5)

with

* (3 = typically 30 degree; depends on your hardware. Please refer to the manual of the monochrometer.
* ) =requested wavelength in [nm]; A, = calibration wavelength 1.
* V =DA voltage in [V]; V; = DA voltage of calibration wavelength 1.

¢ arguments of trigonometry functions in [RAD].
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22.2. Photometry Configuration DG-4/DG-5

Here an example: We calibrate our monochrometer at the wavelength 380 nm and 505 nm. With the 380 nm and
505 nm filters we measure an intensity maximum at -4.5 V and 2.5 V, respectively. Now, we calculate F'(\) for
both wavelength: F(A;)= 0.2383, F'(A2)= 0.3191. Then the Slope is 0.0725 and the Offset is 1.8235.

22.1.1.1 Calibrating the different TILL monochrometers

Polychrome I and Polychrome II: Two bandpass filters are provided with the Polychrome I and II. Enter the
peak wavelength in the Wavelength fields of the Wavelength Calibration section, then put the first filter in place
and press the left Scan button. The voltage of the peak intensity will be automatically detected and shown in the
Volt field. Now, put the second filter in place and press the right Scan button. Finally, press Compute Factors to
calculate all calibration parameters.

Polychrome IV: The Polychrome IV comes with a triple-band filter. When using this filter the scan range to detect
the first or the last peak of the three has to be limited. Therefore, you should limit the scan range for the first
peak from -10 V to -2 V and for the third peak from +2 V to +10 V. We omit the center peak in this calibration.
Please enter the peak wavelengths in the corresponding Wavelength fields and the scan range before performing
each scan in the from - to fields. Then, perform the two scans and finally, press Compute Factors to calculate all
calibration parameters.

Polychrome V: The Polychrome V features an auto-calibration. Please ask T.I.L.L. Photonics for a pair of cali-
bration values. E.g. which analog control voltages refer to the wavelength 380 nm and 505 nm. Then, please
enter the wavelength and voltages in the Wavelength and Volts fields and press Compute Factors to calculate all
calibration parameters.

22.2 Photometry Configuration DG-4/DG-5

-

Photometry: DG-4/ DG-5 e @ [
R-max 1.00E+00 | R-min 0.00E+00 | Kd * Sf 1 .00E+00
Background1 | 0.00E+Q0 | Background?2 | 0.00E+00 | Background3 | 0.00E+00
Dead Time 10.0 ms [ Compute Traces of Marked Targets )

[ Undo |[ Set Defaults ] Emit-1 0.00V
Emit2[ of | 0.00V
Resting Wavelength| 0| Posifion [ 0 ]

| Digital-out 7 | Shutter Open )

Undo: Resets all changes made since the last opening of the Photometry window.

Defaults: Resets all changes to the default entries.

Resting Wavelength: Wavelength to be set during resting periods.

Set: Only after pressing the Set button the wavelength entered in the Resting Wavelength field is output.

Emit-1, Emit-2: Select the AD channels for sampling the photometry responses. Emit-1 is always active whereas
Emit-2 can be turned off. It may be used for dual emission fluorescence experiments.

Position: Enter a number for the filter wheel position of the DG-4/DG-5 between 0 and 15.

Shutter Selection:

e No Shutter: No shutter available.
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22.2. Photometry Configuration DG-4/DG-5

¢ Shutter Control: Shutter can be closed/opened via a button.

¢ Digital-out 7: Shutter control via digital output.

Shutter Open/Close: Toggles between an open and a closed shutter.

Note: To control the DG-4/DG-5 via the POTMASTER software you need a special cable connect-
ing the Digital Outputs of the interface and the DG-4/DG-5. Please contact HEKA (eimeaorder-
scmt@harvardbioscience.com) if you need such a cable (Order Number: 895102).

22.2.0.1 PGF Setting of DG-4/DG-5

When using the DG-4/DG-5 you need to define the Filter Position in your PGF sequence. Therefore you have
to set the DA output channel to Dig Out (word) and use for wavelength. Then you can enter the Filter Position
directly in the segments (Wavelength) of the PGF sequence.

Pulse Generator File: DefPgf E'E'@
[ Full View 1 Condensed View |  Cartoon View )
(S8l 8 (fime_Expand) 10(_LTP ) 11(_Lockin ) 12( TestSeries ) 13 QI #(___DID)

Pool [ LOAD J{ MERGE ){ SAVE ] Name| DG4/DG5 |{_LIST )( COPY J{_MOVE )( UNDO ){ DELETE )

# Interactive Mode {2 Gap Free Mode

Timing EXECUTE
No of Sweeps Sweep Length  Tatal 1000 s 20000 pts
Sweep Interval Stored 1.000 s 40060 bytes
Sample Interval Channel Length  Stimulus 1.000 s 20000 pts

2 | DA Unit Stimulus -= DA Leak AD Unit Link Compr. Points Store Zero Leak
& Ch-1 ] StimDA | V StimScale m] Imon2 L 20000 | @ 0
<[ FRIDig-out (wof nm Wavelength O (Photo W1 2 ] 4000 JC ) =] 0
= 3 | | | O |Photo W2 2 ] 4000 |Cf & B 0
E o [ Photo R 2 J4000 |C{ 5 g [0
Segments [a]lG] 1 [Stored | 2 [Stored | 3 [Stored | 4 [Stored |5 [Stored | 6 [Std[&]%] [ Separate Timin
Segment Class Constant Constant Constant Constant C |
Wavelength 2 4 2 4 2 4 Voltage Clamp
Duration [ms 100.00 100.00 100.00 100.00 100.00 100.00 Filter Factor
W-act.fincr. Analysis:
t-incr. Mode
tfact.fincr. [ms] Rel X-seqg 1
Rel Y-seg 1
Draw: Active Channel, all Sweeps] Delay: DA 0.00 s | AD[55.0 ms]
O Set Last Seg. Amplitude
Leak Pulses
Mo of Leaks
Leak Delay
0.mnm| Leak Size
100 m Leak Hold
p1 p2 p3 pd p5 pb p7 ] p9 p10
100.00m | 0.0000 100.00m | 90.000m | 10.000m J 45 000m | 0.0000 0.0000 0.0000 0.0000

Traces
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22.3. Photometry Configuration Lambda-10

22.3 Photometry Configuration Lambda-10

.

Photometry: Lambda-10 E\ = @
R-max 1.00E+00 | R-min 0.00E+00 | Kd * Sf 1 .00E+00
Background1 | 0.00E+Q0 | Background?2 | 0.00E+00 | Background3 | 0.00E+00
Dead Time 10.0 ms [ Compute Traces of Marked Targets )

[ Undo |[ Set Defaults ] Emit-1 0.00V
Emit2[ of | 0.00V
Resting Wavelength| 0| Posifion [ 0 ]| Speed

| Digital-out 7 | Shutter Open )

Undo: Resets all changes made since the last opening of the Photometry window.

Defaults: Resets all changes to the default entries.

Resting Wavelength: Wavelength to be set during resting periods.

Set: Only after pressing the Set button the wavelength entered in the Resting Wavelength field is output.

Emit-1, Emit-2: Select the AD channels for sampling the photometry responses. Emit-1 is always active whereas
Emit-2 can be turned off. It may be used for dual emission fluorescence experiments.

Position: Enter a number for the filter wheel position between 0 and 15.
Speed: Enter a number between 0 and 7.

Shutter Selection:

* No Shutter: No shutter available.
¢ Shutter Control: Shutter can be closed /opened via a button.

¢ Digital-out 7: Shutter control via digital output.

Shutter Open/Close: Toggles between an open and a closed shutter.

Note: To control the Lambda-10 via the POTMASTER software you need a special cable connect-
ing the Digital Outputs of the interface and the Lambda-10. Please contact HEKA (eimeaorder-
scmt@harvardbioscience.com) if you need such a cable (Order Number: 8§95102).

22.3.0.1 PGF Setting of Lambda-10
When using the Lambda-10 you need to define the Filter Position in your PGF sequence. Therefore you have to

set the DA output channel to Dig Out (word) and use for wavelength. Then you can enter the Filter Position
directly in the segments (Wavelength) of the PGF sequence.
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22.3. Photometry Configuration Lambda-10

Pulse Generator File: DefPgf EI' [=] '@

[ Full View 1 Condensed View | Cartoon View )

[4][4] 9(Time Expand) 10(___ LTP ] 11(__Lockin ) 12( TestSeries | 13l 14 [&l¢]

Pool ( LOAD ){ MERGE ){ SAVE ] Name|[ DG4/DGE |( LIST J{ COPY ){ MOVE }{ UNDO }{ DELETE )

@ Interactive Mode 2 Gap Free Mode

Timing EXECUTE
No of Sweeps Sweep Length  Tatal 1.000 s 20000 pts
Sweep Interval Stored 1.000 = 40060 bytes
Sample Interval Channel Length  Stimulus 1.000 = 20000 pts

2 I DA Unit Stimulus -= DA Leak AD Unit Link Compr. Points Store Zero  Leak
&) Ch1 ] Stim-DA [ V StimScale m] Imon2 A 1 20000 | = 0
i nm Wavelength O (Photo W1 2 | 4000 JC 5 B 0
| | O |Photo W2 2 4000 |C{ & 2! 0
m| Photo R 2 | 4000 JC{ & 5! 0
Segments [4]5] 1 [Stored | 2 [Stored | 3 [Stored | 4 [Stored | 5 [ Stored | 6 [Sti{e]o] m
Segment Class Constant | Caonstant | Constant Constant C |
2 4 2 4 2 ) Voltage Clamp
Duration [ms 100.00 100.00 100.00 100.00 100.00 100.00 Filter Factor

W-fact fincr. Analysis:
t-incr. Mode
tfact.fincr. [ms] Rel X-seg 1
Rel Y-seg 1
Draw: Active Channel, all Sweeps| Delay: DA[ 0.00 s | AD[55.0 ms]
O Set Last Seg. Amplitude
Leak Pulses
Mo of Leaks
Leak Delay
0.mnm| Leak Size
100 m Leak Hold
p1 p2 p3 pd p5 pb p? pd p3d p10
100.00m | 0.0000 100.00m | 90.000m | 10.000m J 45.000m | 0.0000 0.0000 0.0000 0.0000
Traces

22.3.1 Lambda 10-3

Before using the Lambda 10-3 controller for controlling the shutter and the filter wheel via the POTMASTER soft-
ware you need to set the Lambda 10-3 controller into “Parallel Port” mode. By default the Lambda 10-3 controller
is configured for “USB” mode. To set it into the “Parallel Port” mode you need to press the following keys at the
controller:

* Switch on the device

¢ Press “Local”

¢ Press “Mode”

® Press “7 - Default”

® Press “1 - Set the new default”

® Press “4 - Comm Port”

e Press “3 - Parallel Port”

e Press “0 - Set no other defaults”

Once this prerequirement is fulfilled there are two reasonable ways to control the shutter via the Lambda 10-3:
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22.3. Photometry Configuration Lambda-10

1. Using the digital output channel “Dig-7" controlled in the Photometry dialog = TTL Mode

2. Using the digital bit (word) commands either in the Pulse Generator, Protocol Editor or /O Control Window
= Conditional Mode.

TTL Mode

To control the shutter via the “Dig-7” digital port you need to enable “TTL” mode at the Lambda 10-3 controller:

e Switch on the device
e Press “Local”
e Press “Mode”

e Press “3-TTL”

Press “Enable TTL”

If the “TTL” mode at the Lambda 10-3 is disabled it is not possible to use the Photometry extension to control the
the shutter.

EL] Photometry: Lambda-10 E\ =] @
R-max 1.00E+00 | R-min 0.00E+00 | Kd * &f 1.00E+00
Background1 | 0.00E+Q0 | Background?2 | 0.00E+00 | Background3 | 0.00E+00
Dead Time 10.0 ms [ Compute Traces of Marked Targets ]

Emit -0.00V | Emit2 [of | 0.00V
Filter Position [ 0 | |( Shufter- Open ) | Digital-out 7 |
Resting Wavelength 0 ' set | Speed 1 |

Now, one can use the Shutter button in the Photometry Dialog or the digital output channel “Dig-7" in the I/O
Control Window or elsewhere to control the shutter.

Conditional Mode

To control the shutter in the Conditional Mode you need to disable “TTL” mode at the Lambda 10-3 controller:

Switch on the device

e Press “Local”

Press “Mode”

Press “3 - TTL”

Press “Disable TTL”

One can activate the “Conditional Mode” of the Lambda 10-3 e.g. in the I/O Control Window and enter the bit
“299” (deselect Single Bit first). This means the shutter closes automatically when the filter wheel is moved and
opens again when the filter wheel movement has finished.
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22.4. Photometry Configuration pti DeltaRAM

f_‘! 1/0 Contral E\ =] @

Dig-ln EEOEOEOOEOOO0O0OOCO
0123456789012345

Dig-Out mEOEOEOOEOO0O00OO
[ Clear I[_299 | OSingle Bit
DA-Channels

[[0.000V | 0.000V | 0.000V | 0000V |

AD-Channels
0000V | 0000V | 0000V | 0.000V
0000V | 0000V | 0000V | 0.000V

Walue-1 Value-2 Value-3 Value-4
[ oooo | oooo | oooo | oooo |

To switch off the “Conditional Mode” you need to send either bit “298” or bit “300”. Bit “298” disables the
“Conditional Mode” but leaves the shutter open, bit “300” disables the “Conditional Mode” but closes the shutter.

22.4 Photometry Configuration pti DeltaRAM

-

EL] Photometry: pti DeltaRAM E\ [=] @
R-max 1.00E+00 | R-min 0.00E+00 | Kd * Sf 1.00E+00
Background1 | 0.00E+00 | Background2? | 0.00E+00 | Background3 | 0.00E+Q0
Dead Time 200ms [ Compute Traces of Marked Targets )

[ Undo ][ Set Defaults ] Emit-1 0.00V
Emit2[ off | 0.00V
Resting Wavelength [ 300 nm | (Set)  Exct. [DAT] 3.21V_[300 nm |

| No Shutter |
Wavelength to Volts
Volts/inm Wavelength at 0V
| -21414E-02 || 45000E+02 |

Undo: Resets all changes made since the last opening of the Photometry window.

Defaults: Resets all changes to the default entries.

Resting Wavelength: Wavelength to be set during resting periods.

Set: Only after pressing the Set button the wavelength entered in the Resting Wavelength field is output.

Emit-1, Emit-2: Select the AD channels for sampling the photometry responses. Emit-1 is always active whereas
Emit-2 can be turned off. It may be used for dual emission fluorescence experiments.

Excit.: Select the DA channels for the voltage output. This function is used to control the monochromator. Once it
is calibrated, the output can be defined either in [V] (left) or in [nm] (right).

Shutter Selection:

¢ No Shutter: No shutter available.
e Shutter Control: Shutter can be closed /opened via buttons.

¢ Digital-out 7: Shutter control via digital output.
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22.4. Photometry Configuration pti DeltaRAM

Wavelength to Volt Volts/nm and Wavelength at 0 V are internal calibration parameters, which must be given as
described in the specifications of your DeltaRAM system. The PTI system has a linear relationship between the
applied voltage and the wavelength of the excitation light.
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23  SmartLUX (Imaging Extension)

SmartLUX allows to perform simultaneous image acquisition and electrophysiological recordings. The timing of
a fluorescence excitation light source, the camera and the electrophysiological command signals are synchronized
by the Pulse Generator of POTMASTER. Fluorescence mean values from regions of interest (ROI), which can be
marked by the user in the image, are plotted together with e.g. the current Trace in the Oscilloscope window and
stored together with the other data in POTMASTER’s data tree. When stepping through the data tree, SmartLUX
shows the corresponding image. In case more images have been acquired during a single Sweep, the individual
images are shown when stepping through the data points of the fluorescence Trace using the scan function of the
Oscilloscope.

@ Imaging EX] patchMaster o ==
File Edit Windows Replay Display Buffer Motebook Protocols EPCI0_USB Help

EE Testt = |[@][==] || B Replay o= =

17 _11of 11 Measure m Freeze (“Text J{_Label } show [ Series | [Trace | &
i = O i A
[ o
:L_ M-IV 1 ].mnn 7
| i i 1o
| _ | Dig. Filter \\JDD 1
Ty xmm
R [w400_1]
\\JDD 1
T Imon| §
(w001l i
2
EX Online Window 1 o |[@][5=
x: 796, y: 997 pixel: 1936 00:16:19 250.p8; €Y
EL] PGF Primer B 200-p2
150.p8
(v v ][ prime | [ updateLst | izﬂapi
LOpRhr---
Acquisition parameters G'D?Jar 2000 40 £0. s0. 100 l"D-?n'w'

adapt to length

Fetr i - s B Notebook_05-Aug-2011 = |[= =
7, 70.000m, 137.42p, 824.94, =
Cydetime [ms] 200 b2 t 8, €0.000m, 157.10p, 826.76,
9, 90.000m, 176.81p, 817.62, )
10,  100.00m,  196.44p, 823.91, = 750. Voltage
11, 110.00m, 216.05p, 826.43, - s00.
2 wavelengths hd v 0.C 20.1 40. 60.1 80. 100 120.mV
wavelength exposure [ms]
w1 400 5 Contrul\“.’mduw o= || B
. [ idle | 00:46:18 | 00:15:11 (Sel] QT (Freai) (g ) (Tt ) (Wei) (Resume)
Comment | | Average

w3 300

PGF 1A 2iMTestPuls] 3(V-Baseline) 4[ MV pn ) 5[ ) 6( 11 jele]
Protocol 120 2( Exampll ) 3(Example2 ) 4 Link ) 5( Buffer ) 6 SETUP J[ 1 Jele]

SmartLUX consists of an Imaging window in POTMASTER, an additional Control window and an Image window.

SmartLUX supports the following hardware:

¢ Fluorescence Excitation light sources which can be controlled in the same way as:

Polychrome and Oligochrome from TILL Photonics

DG-4/DG-5 wavelength switcher from Sutter Instrument Company

Lambda-10 filter wheels from Sutter Instrument Company

DeltaRAM monochromator from pti
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¢ Cameras supporting the so-called "Bulb Trigger Mode" from Andor, Jenoptic, Qlmaging, Photometrics and
Hamamatsu.

Image files are stored as 16-bit tiff stacks and can be opened by other programs such as Image], IGOR Pro etc....

For further reading we refer to the Smart LUX manual.
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24 Software LockIn Extension

24.1 LockIn Configuration Window

For the activation and the configuration of the LockIn Extension you have to enable the software lock-in function
in the Configuration window (see 5.4.3 on page 47). After switching on the LocklIn, the Lockln Configuration
window opens, which is later on available in the Window menu.

In the POTMASTER manual only the main user functions are explained. If you are inter-
ested in a detailed description how the LockIn Extension works or what might be the best
approach to determine membrane capacitances in different recording modes we refer to the
PATCHMASTER Tutorial: "Capacitances Measurements using the LockIn

Extension™.
- Lockln Configuration EI = @“

Lockin Mode | Off |
Phase Shift | 0.0° |
Attenuation | 1.000
Parent Trace | Trace 1
O Write to Notebook
Points to Average | Off

Offline Computation - Traces to create:
B Real(Y) O RealZ)

E Imag(Y) O Imag(Z)

O Admit(Y) O ImplZ|

O Phase O Sine Average

[ Compute Lockln of Marked Targets ]

Default Y-ranges: Set Defaults
Real(Y) | 200.0n Real(Z) 1.000
|mag(Y} 200.0n |mag(z} 1.000
Admit(Y)[ _200.0 nS ImplZ| 1.000 Ohm
Phase 180.0° O Skip 0

LockIn Mode: Set a LockIn Mode. You have these possibilities:

* Off: No LockIn mode is set.
* On: The LockIn mode is turned on.
* Phase Range: 0..180: Limits the phase to a range of 0°to 180°.

* Phase Range: 0..360: Allows to use the full phase range.

Phase Shift: The user can specify a Phase Shift to be applied to the residual admittance before the equivalent
circuit parameters are calculated. This Phase Shift is only applied to the actual current that is measured and not
the component of admittance which is "nulled out" by C-slow compensation.
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24.2. The LockIn Traces

This feature can be used, for example, to "tweak" the phase determined by Measured or Calculated Calibration.
Another example where this would be useful is if data are recorded with a set of "critical parameters” which
differs from those that were used when a Measured Calibration was performed (this is prevented by the software
if an EPC 9 or EPC 10 is used, but can occur for other amplifiers). The phase difference can be determined by
performing a new Measured Calibration and can be specified as the Phase Shift for replay of the recorded data.

When Manual Calibration is used, the Phase Shift sets the absolute phase of the software lock-in.
Note: Generally the Phase Shift should be left at 0.0°.

Attenuation: It is an amplitude scaling factor for the current signal that can be used to correct the transfer function
of the complete system. This attenuation factor is applied to the residual admittance before the equivalent circuit
parameters are calculated.

Note: Generally the Attenuation should be left at 1.0°.

When Manual Calibration is used the Attenuation should be set to the value estimated by the Measured Calibra-
tion.

Generally, the Attenuation might be set to a value unequal to 1 when the transfer function of the system is not
ideal, i.e. the sine wave frequency is higher than the current filter frequency or the sine wave frequency ap-
proaches the overall bandwidth of the amplifier.

Parent Trace: This option is only available if Manual Calibration is selected. Select the corresponding Trace (e.g.
current or voltage Trace) for the calibration, either the Linked Trace assigned in the PGF (Link) or any other Trace
(Trace 1...16).

Write to Notebook: Enabling this option will print out the LocklIn results to the Notebook window.

Note: The Write to Notebook option does only work if you acquire at least one LockIn Trace in
your PGF.

Points to Average: A global number of points to average can be entered.

Offline Computation - Trace to create: These sections of the LockIn window are used for calculating LockIn data
from pre-recorded current Traces (for further details see The LockIn Traces, 24.2).

Compute LockIn of Marked Targets: Computes the LockIn Traces selected in Offline Computation - Trace to
create of the marked targets in the in the Replay tree.

Default Y-ranges: The user has to define Default Y-ranges for the resulting LockIn Traces. POTMASTER does not
know the range of the forthcoming data because this dependents on cell size. Thus, the user has to provide a
default range (e.g. 0 to 40 pF for the C,, Trace would be a reasonable estimate).

SetDefaults: Resets the Default Y-ranges to the default values.

Skip: A global number of cycles to skip can be entered.

The global setting Skip, when activated, overrules the setting made in the Wave Parame-
ters of the PGF.

24.2 The LockIn Traces
The LockIn Extension provides several output Traces which can be selected in the AD-channel section of the

Pulse Generator (10.10.2 on page 117).

The following Traces which are independent from the LockIn mode are available:
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24.2. The LockIn Traces

LockIn_Phase: The phase angle between stimulus and measured signal.

Phase = 12 x arctan abs(B/A)

LockIn_Real(Y): The real part of the admittance.

Voltage Clamp: Real(Y) = A (Siemens).
Current Clamp: Real(Y) = ﬁ (Ohm).

LockIn_Imag(Y): The imaginary part of the admittance.

Voltage Clamp: Imag(Y) = B (Siemens).
Current Clamp: Imag(Y) = 4225z (Ohm).

LockIn_Admit(Y): The admittance (Siemens).

Voltage Clamp: Admit(Y) = v A? + B2

Current Clamp: Admit(Y) = ﬁ.

LockIn_Real(Z): The real part of the impedance.

Voltage Clamp: Real(Z) = 4245z (Siemens)
Current Clamp: Real(Z) = A (Ohm).

LockIn_Imag(Z): The imaginary part of the impedance.

Voltage Clamp: Imag(Z) = 4225z (Siemens)
Current Clamp: I'mag(Z) = B (Ohm).

LockIn_Imp|Z|: The impedance (Ohm).

Voltage Clamp: Imp(Z) = ﬁ.
Current Clamp: Imp(Z) = VA% + B2.

Abbreviations:

® A = Real part of the admittance.
* B =Imaginary part of the admittance.
e ;. =DC current.

® FE,., = Reversal potential.

Vi, = Stimulus voltage.

fsine = Stimulation frequency.

A detailed description of all terms can be found in the literature (see reference list of the PATCHMASTER Tutorial:
"Capacitances Measurements using the LockIn Extension").
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24 3. Capacitance Measurements - Step by Step

24.3 Capacitance Measurements - Step by Step

you are using CHARTMASTER or POTMASTER several modifications may be necessary!

. The following section was made for PATCHMASTER and HEKA EPC 9 or 10 amplifier. If

Here, we make our first capacitance measurement using a model circuit and the LockIn Extension. We used
an EpPC 10 Single for this tutorial, but most settings are identical for EPC 10 Double, Triple or Quadro amplifiers
and for EPC 9 Single, Double and Triple amplifiers. We will explicitly mention the particular amplifiers, where it
is required.

24.3.1 Activating the LockIn Extension

By default, the LockIn Extension of POTMASTER is inactive. To activate the extension, we have to open the
Hardware tab of the Configuration window and turn on the LockIn. This step only has to be done the first time
one uses Lockin. The setting is stored in the POTMASTER configuration file Potmaster. set.

24.3.2 LockIn Configuration

Immediately after switching on the LockIn Extension, the Lockln Configuration window comes up. Please set
the LockIn mode to Sine + DC. This is the recommended mode, if you are using an EPC 10 or EPC 9 amplifier. At
the moment, no other settings need to be made. We will come back to the Lockln Configuration window later.

be checked and at least one LocklIn trace has to be selected as an AD input channel in the

. If you want LockIn calculations to be written to the Notebook, Write to Notebook should
PGFE.
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24.3. Capacitance Measurements - Step by Step

= | Lockin Configuration E\ =] @

Lockln Made | Sine + DC | Offline Computation - Traces to create:
- : O ReallY) O RealZ) E CM O DC

& Phase Range: 0 .. 180 O Imag(Y) O Imagz) O GM O CV

®  Phase Range: 0 .. 360 O Admit(Y) O ImplZl OGS O GF

Imag[\r'} 200.0n |mag(Z} 1.000

Calib. Sequence v
alib. Sequence | Admit(Y)[ 200015 | Impz] | 1000 Ohm

Calibration Mode | Calculated | U Phase LI Sine Average

Phase Shift | 0.0° | [ Compute Lockln of Marked Targets ]
Attenuation | 1.000 I [ Compute CV + GP from Real + Imag. Trace ]
Parent Trace | Linked Trace | DefaultY.ranges: Set Defaults
PL-Phase [ 00" J( Compute ) Real(Y)| 2000n Real(z) | 1.000

[ - Perform Measured Calibration Phase 18000

O Write to Notebook cM 40.00 pF oc 4.000 nS

Paints to Average | Off | oM 4000 nS oV 40.00 pF
GS 400.0 n3 GP 400.0 n3

Note: The Default Y-ranges section can be used to set reasonable display ranges according to the
expected values.

24.3.3 Creating a PGF sequence

The next step is to prepare a PGF sequence, that can be used for C,, measurements. Please open the Pulse
Generator window. We could either modify an existing sequence or create a new one from the scratch. Let us
create a new sequence this time. A click on an empty button in the sequence pool will create a new sequence and
you are prompted to enter a name for the new sequence. We name the sequence we want to create "LockIn".

POTMASTER automatically creates a new and very simple protocol: it just consists of one Constant segment with
a duration of 10 ms. 10 ms is quite short, therefore we will increase the duration to 100 ms. Furthermore, we
have to change the Segment Class to Sine, since at lease one sine wave segment is required for the LockIn. Of
course, one can also use other segment classes (Constant, Ramp, Square) in the same sequence, for example to
define a depolarizing voltage step at the beginning of the Sweep. But LockIn data can only be calculated from
Sine segments.

N
Q1
[O8]
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24.3. Capacitance Measurements - Step by Step

L Pulse Generator File: DefPgf 12 o] ® |2z

[ Full View 1 Condensed View | Cartoon View )

[l 1 @ETI 2( ) 3( ) 4( ) 5( ) 6( IEE
Pool [ LOAD }{ MERGE )( SAVE ] Name|[  Lockin | LIST J( COPY J{ MOVE )( UNDO ){ DELETE }
# Interactive Mode {2 Gap Free Mode

EXECUTE

Timing
Mo of Sweeps Sweep Length  Total 100.0 ms 2000 pts
Sweep Interval StartSeg Stored 100.0 ms 4000 bytes
Sample Interval StartTime Channel Length  Stimulus |__100.0 ms 2000 pts
Stimulus -= DA AD Unit Link Compr. Points Store Zero  Leak

StimScale

Segments [§]4]®Store1 [OStore2 [OSioe 3 OStored OStore s OStor

Segment Class |
Voltage [mV] [V-membl
Duration [ms] | 100.00 | Filter Factor
V-incr. Made |

V-fact fincr. [mV] I Analysis:
t-incr. Mode

t-fact.fincr. [ms]

Rel ¥-seg 1
Rel Y-seg 1

Draw- Active Channel_all Sweeps] Delay- DA{ 000s [ AD[ 0005 | V-membrane [mV] (display)
O Set Last Seg. Amplitude

Leak Pulses

Mo of Leaks
Leak Delay
2.00mv | Leak Size
Leak Hold [mV]
pd p3

10.0ms
p1 p2 p3 p4 ph pb p7 pl0
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Traces

The Sample Interval is set to 50 us. This corresponds to a sampling rate of 20 kHz. Please keep that sampling rate
in mind. We will need that information later on. For the calculation of the LockIn parameters, we need to know
the whole-cell conductance. The conductance can only be measured, if the holding potential is not "0". Therefore,
you should not forget to enter a holding potential for the Sine segment. One can either enter a fixed value, for
example "-70 mV" or set Voltage to "hold". If Voltage is set to "hold", the holding potential from the Amplifier
window is used.

If a Sine segment exists in the PGF sequence an additional button ( ) appears in the dialog. This
button can be used to modify the parameters (frequency, amplitude,...) of the sine wave segments in a protocol
(see Sine Wave Parameters, 10.9.1 on page 104).

In this dialog, you can decide, if the Sine segments in the sequence should be used for LockIn measure-

ments (Use as LockIn Sinewave) or just as a simple sine wave stimulus (Use as Simple Sinewave:
common/separate frequency). Of course, we want to use it as LockIn sine wave.
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24.3. Capacitance Measurements - Step by Step

Sinewave Parameters

| Use as Lockln Sinewave |

Peak Ampl. [mV] [ 100 value |
Requested Freq. 800.0 Hz |

Actual Frequency 800.0 Hz
Points / Cycle “
Cycles to Skip IR Checking

Cycles to Average

5

1 d
Total Cycles a0
| [ Done ]

=
L)

V-reversal [mV]

Now, we increase the Requested Frequency. A frequency of 800 Hz is quite good for most approaches. All
segment durations must be integral multiples of the sine wave period. Therefore the Actual Frequency might be
slightly different from the Requested Frequency. An appropriate value is calculated by the software and cannot
be changed.

Please note, that the Sample Interval in the PGF sequence is adopted, upon changing the setting for Requested
Frequency or Points/Cycle. 1t is intuitive that for higher frequencies higher sampling rates are required. If you
want to reduce the sampling rate, you can decrease the number of Points/Cycle. We will do that and set
Points/Cycle to "25".

The number of Points/Cycle should never be below 10, otherwise the accuracy of the C,
measurement is dramatically reduced.

The setting of 10 mV for the sine wave amplitude is fine and a V-reversal of 0 mV is also correct for our model
circuit. The V-reversal setting is actually not very critical if G, is low. A value of zero is often used in the
common situation where G, is low and the actual reversal potential is unknown. Now, we can go back to the
PGF sequence.

Since we decided to use the Sine segment in the sequence for LockIn measurements, the entry Stimulus — DA
in the PGF sequence has automatically been changed from "StimScale" to "StimScale, LockIn" upon closing the
Sinewave Parameters dialog. This LockIn flag is important. Without that flag, no C,, data can be calculated.

Unit Stimulus -= DA Leak
StimScale, Lockln u}

m}
[m]
m}

The AD input is set to "Imon-2", the current input of your amplifier. This is undoubtedly a good idea, however,
we need an additional Trace to store the C,, value. A click in an empty AD field opens a long list of available
inputs. What we need is a LockIn_CM Trace. You will see, that the compression factor is automatically set to "25"
(the value, we have set for Points/Cycle in the Sinewave Parameters dialog). That means, 25 data points are in
one cycle and one C,, value is calculated from each cycle, therefore you will get 80 C,,, data points in that 100 ms
Sweep.

AD Unit Link Compr.
Imon2 A 1
Lockln CM g0

Points Store Zero  Leak
2000 B 0
0

B
[m]
m}

Please note, that Link is set to "1". This tells POTMASTER to use the first Trace (the current Trace) for calculating
the LockIn information. This point is not crucial as long as you have only one current Trace and one LockIn Trace,
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24.3. Capacitance Measurements - Step by Step

however, it is important if you should have more then one current Trace (e.g. if you are using a Double or Triple
amplifier).

Store is active for both Traces. It would also be possible to store only the LockIn information and to discard the
current data. However, in most cases, it is reasonable to store both Traces.

24.3.4 Amplifier Settings

Now it is time for the experiment. Switch the model circuit into the "10 M" position to simulate a 10 M2 pipette
that is open to the bath solution.

In the Amplifier window you can correct pipette offset potentials by adjusting the V, value or you can alternatively
click on the Auto Vj button to let POTMASTER do this correction automatically for you. The same is done by calling
the protocol "SETUP".

Now simulate a pipette sealed to the membrane by switching the model circuit into the middle position. Make an
automatic fast capacitance cancellation by clicking on the Auto C-fast or the "SEAL" protocol button.

To break into the cell, set the switch of the model circuit to the "0.5 G" position. Make an automatic slow capac-
itance cancellation by clicking on the Auto C-slow or "WHOLE-CELL" protocol button. With the V-membrane
control change the pipette holding potential to "-70 mV". Now we are ready to run the PGF sequence we defined
before.

24.3.5 Running the PGF sequence

In POTMASTER, PGF sequences can be run from the Pulse Generator directly (Execute button) or from the Control
window. We click on the LockIn button to start the sequence.

=1 Control Window EI@
| idle | 12:45:34 || 00:54:18 (Set]( Store J(Break J(_Stop ) (_ Next )(_Wait ) (Resume]
Comment | I Average

PGF [ Lockin Il ) 3( ) 4 ) 5( ) 6( | BE
Protocol 1IEZ00 2(Examplez ) 3( Link ) 4( Buffer ) 5( SETUP ) 6 SEAL )| 1 Je]el

The results are displayed in the Oscilloscope. As defined in the PGF sequence, you can see the current Trace
(black) and a second Trace (red) with the LockIn data.
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24.3. Capacitance Measurements - Step by Step

By default, all data points are connected by lines. If you want to see the individual data points, you can modify
the Trace Properties in the Display menu. The MC-10 model cell circuit in the "0.5 G" position has a capacitance
of 20-22 pF. The calculated C,, values are well within this range which can be seen in the Notebook window (only

ChirpTutorial =

—————————————————————————————————————————————————

—————————————————————————————————————————————————

_________________________________________________

_________________________________________________

if Write to Notebook is activated in the Lockln Configuration).

24.3.6 Analysis

In the Oscilloscope, the LockIn information is displayed with a high time resolution. Even fast membrane capac-

itance changes can be observed in that way.

However, in some experiments, the expected C,, changes are in the range of several seconds or minutes. In
that case, we should use the Analysis to monitor the changes in membrane capacitance. For that purpose, it is
necessary to modify the LockIn PGF sequence. We will increase the No of Sweeps from 1 to 100. That is all we

have to do for the moment.

257
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24.3. Capacitance Measurements - Step by Step

Analysis: DefAnal EI [=] @
| Use Selected Method |
Analysis Methods: Analysis Pool

BRI Lockin — E 33 14 [ J[e[e]

(Load ) Merge J( Save )| Lockln | New [ Delete [ Move |

Analysis Functions
[oTa] 1 EETETSN 2(_ LI CM 2 ] 3( ) 4( BE

Function Type| Sweep Count | Change ] { New J[ Delete ][ Move )

MName SweepC
Input Qutput
K Motebook
| Mot Stored in Values
Cursors Operation Options
X, Yseg Offset | 0 | ¢

(Cursor Bounds (%) ] 0.0 | 1000 |

Analysis Graphs

On | Graph2 | OF J(_ Graph3 | oOff | [o[p]

{ SavetoTree [ Copy J{ Print ][ Redraw ]

Scale Axis [ Overlay Graph Entries
Min Max Scale D2 EEOC4

X 0.00 1.00 Auto Swp. ¥ | SweepC || SweepC || SweepC || SweepC
¥ | 10.0p 30.0p Fixed ¥ [L_CM 2| SweepC || SweepC | SweepC
[ Modify Axis  JOShareX-axis ([ .. J( .. ) .. 1 .. ]

Graph Positions 1 23456578900122456
Graph in Window 1 E00000000O00O0OO0O0OOO

Graph in Window 2 OOOO0OOO0OO0OOOOOOO

Click on an empty button to define a new Analysis Method. We name the new analysis "LockIn". We decline the
question if we want to copy the settings from an previous method. Again we will start from the scratch. Further,
you have to do the following modifications:

e Graph Positions: Activate checkbox "1" in the row "Graphs in Window 1". This enables the display of the
Graph 1 (which will be defined below) in the Analysis Window 1. Enable "Use Selected Method" to make
sure that the now specified Analysis Method is used.

¢ Analysis Functions: Click on an empty field and the Function Type dialog will open. First, select Sweep
Count for the X-axis analysis then click again on an empty button field and select LockIn_CM for Y-axis
analysis. Please take care that Trace # for the proper C,,, values has to be Trace 2.

* Analysis Graphs: Switch on the Graph 1.

* Graph Entries: Activate the checkbox "1" and select SweepC (Sweep Count) for X-axis and LI CM_2 (CM
for trace 2) for Y-axis.

e Scale Axis: Select Auto Swp. for X-axis and Fixed for Y-axis. 10 to 30 pF (10 p / 30 p) are sufficient for our
model cell.

* Analysis Window: If not visible, go to the Windows menu and activate Analysis Window 1.
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24 3. Capacitance Measurements - Step by Step

If we now run the LockIn PGF sequence, one LockIn data point per Sweep is plotted in the Analysis window.
This single point is the mean value from all C,,, values within a Sweep.

' '
::IDDDDDDDDEEDDDDDDDDDDDDDDDDDDEEDDDDDDDDDDDDDDDDDDE’JDDDDDDDDDDDDDDDDDDEEDDDDDDDDDDDDDDDDDDEUDDDDDDDD:
' '

B e L e e e |
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25 Spectroscopy Extension

25.1 Introduction

The Spectroscopy Extension allows to measure the transfer functions of a system. The complex transfer
function can be presented as two real traces: Magnitude (or Gain) and Phase. E.g. if we send a sine wave stimulus
of amplitude 1 into a system and we measure as response a sine wave of the same frequency but amplitude of 0.5,
then we would get a Magnitude or Gain of 0.5.

In case the system converts a voltage stimulus to a current signal, we can interpret the Magnitude (or Gain) as
Admittance (Y) or Impedance (Z).

The POTMASTER LockIn Extension performs this type of analysis at a given single frequency. In order to
obtain a complete spectrum, repetition of the measurement at different frequencies is required. This ends up
in a very elaborate procedure. The Spectroscopy Extension, however, uses a stimulus containing a set of
multiple frequencies, allowing to calculate a complete spectrum from a single measurement.

25.1.1 Chirp Wave Forms

The Pulse Generator of POTMASTER provides three different chirp wave forms:
Linear Chirp:

In a Linear Chirp, the frequency £(t) varies linearly with time:

f(t) = fo+kt (25.1)

where fj is the starting frequency (at time t = 0), and k is the rate of frequency increase or chirp rate. The corre-
sponding time-domain function for a sinusoidal Linear Chirp is:

x(t) = sin[2nw(fo + gt)t] (25.2)

Exponential Chirp:

In an Exponential Chirp, the frequency of the signal varies exponentially as a function of time.

f(t) = fok' (25.3)

where fy is the starting frequency (at t = 0), and k is the rate of exponential increase in frequency. Unlike the
Linear Chirp, which has a constant chirp rate, an Exponential Chirp has an exponentially increasing chirp rate.
The corresponding time-domain function for a sinusoidal Exponential Chirp is:

27 fo
In(k)

x(t) = sin| (k' —1)] (25.4)
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25.2. Activating the Spectroscopy Extension

Spectroscopy Chirp:

A chirp wave form created by inverse Fourier Transform from a spectrum with frequencies increasing with ¢? and
constant amplitude. The Spectroscopy Extension uses this stimulus wave form as input only.

25.1.2 Transfer Function Ratio

The transfer function (H) of two signal processing units in series is given by:

H(A+ B) = H(A) ® H(B) (25.5)

H(A) \ H(B) \

Reference
Eesponse

Owerall

Eesponse

In case one is interested the transfer function of an individual signal processing unit, the "ratio" of the transfer
function can be calculated:

H(B) = W (25.6)

The Spectroscopy Extension provides a so-called Correction Mode to calculate the Transfer Function Ratio
of the recorded response (nominator) and the reference response (denominator).

In some application a reference element (e.g. calibrated resistor) is used for a calibration measurement of the
system. In this case the value of the reference element has to be taken into account when calculating the transfer
function of the measuring system without reference element. We offer the option to use the measured resistance
or a given resistance for this correction.

25.2 Activating the Spectroscopy Extension

The Spectroscopy Extension is activated in the Configuration window on the tab Hardware.

General Hardware T

EPC10_USB Amplifier
LIH 8+8
Sound LIH §+8 Sound
Lockin Off
Spectroscopy On
Imaging Of
Photometry Off
ElProScan Off
Serial Out Off
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25.2. Activating the Spectroscopy Extension

Once the extension is turned On, the Spectroscopy window can be opened via the Windows menu list in POT-
MASTER.

@Spectroscopy Cenfiguration E\ = @
Correction Mode | Buffer 1 |

Input Source | RawDataTrace |

B4 Reference Element Correction
3 Measured Resistance

@ Given Resistance | 10.00 MO

B Log Compression Comp.Factor 1.40

Offline Computation - Traces to create:
B Admit(Y) & Phase [ Awverage
E Real() B Imag(Y)

O Real(Z) O -lmag(Z) O ImplZ]

Parent AD-Trace

[ Compute Spectroscopy of Marked Targets ]

Default Y-ranges:
Admit(Y) | 1.000 S Phase 180.0 °

Real(Z} 1.000 0 -|mag(Z} 1.000 0

Correction Mode: It is possible to correct the spectra during online and offline calculation with respect to another
chirp response (see Transfer Function Ratio,25.1.2 on the facing page).

* In case a simultaneous recording of the reference chirp is possible:
Under certain circumstances it might be possible to record the reference Trace simultaneously with the chirp
response. In this case you can select the respective Trace which contains the reference chirp response in the
Correction Mode.

* In case the reference chirp is recorded in advance:
The reference chirp has to be copied in one of the four Trace Buffers and in the Correction Mode the respec-
tive Buffer has to be selected.

If a correction Trace is selected, the admittance of the recorded response is divided by the normalized magnitude
of the reference. In addition, the phase of the reference is subtracted from the phase of the recorded response.

Input Source: Defines the data type from which the spectra are calculated. In case a Correction Mode is used, the
type of input data for the acquired data and the reference have to be the same.

Reference Element Correction: Must be used in case the measurement system has been calibration with respect
to a reference element (e.g. a 10 MQ2 resistor), which is removed and replaced by the cell under study. Two options
are available:

1. Measured Resistance: The resistance of the reference element is measured at the lowest frequency.

2. Given Resistance: A given resistance can be used to normalize the calibration measurement.

In case Reference Element Correction is not activated the unscaled raw data of the reference transfer function
are used. This method usually applies only if it is possible to measure from two different locations in the signal
processing path.

Log Compression: Often the results of the chirp analysis are plotted on a logarithmic frequency scale. In this case
the higher frequencies contain much more measuring points than the lower frequencies. For better display and
post analysis (e.g. fitting of the spectra) a equidistant scaling on the logarithmic frequency axis is of advantage.
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25.2. Activating the Spectroscopy Extension

Therefore we offer the option of a logarithmic compression. The Compression Factor (usually a value between 1
and 2) defines the strength of the compression. When logarithmic compression is used the frequency axis is scaled
in units of logarithm to basis 10.

Offline Computation - Traces to create: You can mark by using the checkboxes which Traces (Admit(Y), Real(Y),
Real(Z), Phase, Imag(Y), -Imag(Z), Average, Imp(Z)) should be created during re-calculation of the spectra.

Parent AD-Trace: Select the corresponding Trace for computing spectroscopy, either All or any other Trace (Trace
1...16).

Compute Spectroscopy of Marked Targets: Recalculates and generates the selected Traces (select and mark the
target (Sweeps or Series) first).

Default Ranges: For the various spectroscopy Traces the default Y-ranges for display in the Oscilloscope window
are defined. E.g. a Y-range of 1 S (Siemens) defines that at scaling of 1 and offset of 0, the Oscilloscope shows a
range from -1 Sto +1S.

25.2.1 The Spectroscopy Traces

Chirp_Avg: Average of the chirp response. In case multiple Chirp segments are used in one Sweep, the
Chirp_Avg contains the average of all Chirp segments.

Chirp_Phase: The phase angle between stimulus and response versus frequency. The default unit is degree(®).
This is a frequency based Trace (X-unit is Hertz).

Chirp_Admit(Y): Contains the magnitude of the spectrum normalized to the stimulus amplitude. In case of a
recorded current response this parameter can be interpreted as admittance. The default unit is Siemens (S). This
is a frequency based Trace (X-unit is Hertz).

Chirp_Real(Y): The real part of the admittance. This is a derived frequency based Trace (X-unit is Hertz), calcu-
lated as follows:

Admittance

Real(Y) =
\/1 + tan (Phase)?

(25.7)

The default unit is Siemens (S).

Chirp_Imag(Y): The imaginary part of the admittance. This is a derived frequency based Trace (X-unit is Hertz),
calculated as follows:

Imag(Y) = tan (Phase) * Real(Y) (25.8)
The default unit is Siemens (S).

Chirp_Real(Z): The real part of the impedance. This is a derived frequency based Trace (X-unit is Hertz), calcu-
lated as follows:

B Real(Y)
Real(Z) = Real(Y)? 4+ Imag(Y')? 259)

The default unit is Ohm (€2).
Chirp_Imag(Z): The imaginary part of the impedance. This is a derived frequency based Trace (X-unit is Hertz),

calculated as follows:

B Imag(Y)
~ Real(Y)?+ Imag(Y)?

—Imag(Z) (25.10)

The default unit is Ohm (€2).
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Chirp_Imp|Z|: The impedance. This is a derived frequency based Trace (X-unit is Hertz), calculated as follows:

1
Imp|Z| = 25.11
rlZ| VReal(Y)2 + Imag(Y)? ( )

The default unit is Ohm (12).

25.3 Setting up a Spectroscopy Acquisition

The following section was made for PATCHMASTER and HEKA EPC 9 or 10 amplifier. If
you are using CHARTMASTER or POTMASTER several modifications may be necessary!

Create a new PGF sequence with one Chirp segment as stimulus. When at least one segment contains a chirp
wave form then a button Chirp Wave appears in the top right section of the Pulse Generator window.

25.3.1 The Chirp Wave Dialog

A detailed description of the available chirp wave parameters can be found in Chirp Wave Parameters,10.9.3
on page 109.
25.3.2 Parametrization of the Chirp Stimuli

Possible Frequency Range: The maximal possible frequency in a chirp wave is half the sampling frequency
(Min. Points / Cycle =2).

¢ Linear and Exponential Chirp: The Start and End Frequency can be directly entered in the Chirpwave
Parameters dialog. According to Start and End Frequency and given segment duration the rate of fre-

quency increase (k) and the Min. Points / Cycle are calculated.

Chirpwave Parameters

| Linear Chirp |
Amplitude [mV] [ 100 | value |

Start Frequency 78.13 Hz

End Frequency 10.00 kHz | :
Min. Points { Cycle 2.0

Cancel
Segment Points 256

* Spectroscopy Chirp: Start Frequency and End Frequency can not be entered directly. Both parameters are
defined by the Sampling Frequency, Segment Duration, and the Min. Points / Cycle. The End Frequency
is given by Sampling Frequency divided by Min. Points / Cycle. The Start Frequency then depends on the
duration of the segment. The longer the segment the smaller the starting frequency of the chirp.
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25.3. Setting up a Spectroscopy Acquisition

Chirpwave Parameters

| Spectroscopy Chirp

Amplitude [mV] [ 100 | value |

Start Frequency B4 Pre-Chirp
End Freguency

Min. Points / Cycle [ 2.0 | Checking
Chirps to Skip o | ( Cancel )

Segment Points 256 [ Dane ]

Useful Frequency Range: In the preceding section we have discussed the possible frequency range in a chirp
stimulus. Correct analysis of the chirp response, however, has to obey some additional boundary conditions. The
most important rule is to obey the Sampling Theorem or Nyquist Theorem! That means that the response has to
be low pass filtered to prevent aliasing artifacts. The filtering can be either done by the system under study itself
or by additional filters. When using filters with steep cut-off (e.g. 8-Pole filter) unbiased analysis can be extended

to about 80 % of the possible frequency range.

25.3.3 Adding Chirp Analysis Traces

Once you have configured the chirp stimulus you can add multiple chirp analysis Trace

to the AD selection in the Pulse Generator.

25.3.4 Minimizing Swing-In Effects

In order to minimize swing-in effects, two methods can be used:

Dig-15

Chirp_Avg
Chirp_Phase
Chirp_Admit(Y)
Chirp_Real(Y)
Chirp_Imag(¥)
Chirp_Real(Z)
Chirp_Imag(Z)
Chirp_Imp|Z]

Lockln_Avg

1. Use at least two Chirp Segments: We duplicate the Chirp segment and set the StartSeg to "2". In case of very

long chirp stimuli this method is very time consuming.

Note: When you have more than one Chirp segment, please deactivate the checking routines
during editing the parameters of the segments. Once you have finished the edition, turn the

Checking on again.

In the following screenshot you see a sample Pulse Generator sequence for a chirp acquisition.
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5.3. Setting up a Spectroscopy Acquisition

. Pulse Generator File: chirp EI’E‘@
[ Full View 1 Condensed View |  Cartoon View |

FIEINRE  Chip R )3 )4 15 16 EE
Pool [ LOAD ) ( MERGE )[_SAVE | Name | Chirp | LIST ) COPY J(_MOVE )( UNDO [ DELETE )
@ Interactive Mode 3 Gap Free Mode

Timing @I ( Chip Wave ) (_EXECUTE )

Mo of Sweeps
Sweep Interval
Sample Interval

Sweep Length Total 327.7 ms 65536 pts
Stored 163.8 ms 320 kb
Channel Length  Stimulus | 327.7 ms 65536 pts

AD Unit Link Compr. Points Store Zero  Leak

Vmon-2 | V 32768
Chirp Avg ] A | 1 C{ 32768
[Chirp Phas]_° 1 2 |C{ 16384
Chirp Adm S| 1 | 2 |C{ 16384
Segments [4]<4] = Store 1 ® Store 2 [OStore3 [OStored [OStore5 O Stor
Segment Class
Voltage [mV] | | _ | _
Duration [ms] | 163.84 [val] 163.84 | | | | Fllter Factor
V-incr. Mode |
V-fact.fincr. [mV] | Analysm.
tincr. Mode

t-fact.fincr. [ms]

Rel X-seg
Rel Y-seg

Draw: Active Channel. all Sweeps| Delay: DA[0.00s | AD[0.005 | V.membrane [mV] (display)
O Set Last Seg. Amplitude
Leak Pulses
MNo of Leaks
Leak Delay
2.00mv | Leak Size
z[] Oms Leak Hold [mV]
o7 | o8 | p10
[ UUUUU I UUUUU I UUUUU I UUUUU | UUUUU I UUUUU J_0.0000 | 0.0000 § UUUUU | 0.0000 I

Traces

2. Use of a Pre-Chirp Segment: In order to reduce the time for swing in to a minimum, a Constant segment

267

of fixed length can be defined before the Chirp segment. When the option Pre-Chirp is activated in the
Chirpwave Parameters dialog, then this segment is automatically filled with appropriate swing-in stim-
ulus data. Please note that the Pre-Chirp segment should not be recorded (use Start Segment "2") to ensure
accurate chirp analysis.
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r Pulse Generator File: chirp |E| = |E|
[ Full View 1 Condensed View |  Cartoon View |
[<lla] 1 T 2( ) 3( ) 4 ) 5( ) 6 I8l
Pool [ LOAD ) ( MERGE J[_SAVE | Name | Chirp |(_LIST ) COPY )(_MOVE )( UNDO [ DELETE )
@ Interactive Mode 3 Gap Free Mode
Timing @I ( Chip Wave ) (__EXECUTE )
Mo of Sweeps Sweep Length  Total 2671s 267144 pts
Sweep Interval Stored 2621s 2560 kb

Sample Interval

Channel Length  Stimulus 2671s 267144 pts
AD Unit Link Compr. Points Store Zero Leak

[(imon2 | A 262144 @ [0

| Vmon2 | V | 1 C{262144| & 0

Chirp Admi] S | 1 2 _|C{131072| = 0

Chirp Phas| ° | 1 | 2 |C{131072] = [0
Segments [J][<] @Store 1 [ Store 2 Chirpwave Parameters
Segment Class [ Constant | Chirp :
Voltage [mV] | SPECNE DS ey oltage Clamp
Duration [ms] Amplitude [mV] [ 100 | walue | e eEnn
¥'}§§{}M°"e{ v Start Frequency 3815 mHz | [X Pre-Chirp

fact.fincr. [m
t-incr. Mode End Frequency 50.00 kHz Choc
tfact fincr. [ms] Min. Paints / Cycle 20 hecking
Chirps to Skip 0 (_Cancel )

Draw: Active Channel_all Sweeps| Delay: DA[| Segment Points 262144
) T T =T Ca=t —2d. Amplitude
\ Leak Pulses
Mo of Leaks
Leak Delay
2.00mv | Leak Size
200.ms Leak Hold [mV]
[ ot | o2 | p3 | p4 [ p5 | pb
[ 0.0000 | 0.0000 | 0.0000 |§ 0.0000 | 0.0000 J 0.0000 I UUUUU I UUUUU I UUUUU | UUUUU I
Traces

In the following screenshot the swing in signal of a Pre-Chirp segment is shown. The first 5 ms of the stimulus
are the Pre-Chirp segment which provides an optimal swing-in of the chirp segment.
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25.4. Display of Spectra in the Oscilloscope Window

25.4 Display of Spectra in the Oscilloscope Window

The chirp analysis Traces are stored in the Replay window.
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Their X-unit is Hertz and the number of points differs from the raw data Trace. Since raw data Trace and spectra
have different X-axis scaling it is difficult to show them at the same time on appropriate scaling in the Oscilloscope,
which supports only one X-scaling. By default you will see the raw data Trace in the Oscilloscope, since the
Oscilloscope takes its X-scaling from the first Trace in the Sweep.
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In order to show also the chirp analysis Traces in the Oscilloscope, please select Fixed X-width from the Display
menu and enter as X-max (panel to the right in the Oscilloscope window) the maximum frequency in the spectrum
(e.g. 12k, what stands for 12 kHz).
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Trace 10 (orange) and Trace 11 (green) show the phase and the admittance, respectively.
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26 Appendix I: File Overview

26.1 File Types

Figure 26.1: The different file types of PATCHMASTER, POTMASTER AND CHARTMASTER

File Type Extension | Default File Note

Amplifier file (only generated when mul- * . amp Chapter 271 on

tiple amplifiers are active (EPC 10 USB page 273

Double, Triple and Quadro)

Data file (includes the measured data) *.dat

Dialog setting for the dialog of windows x.dia Chapter 2.3 on page 10;

(if no dialog file exists, the software will (+.dia files are always

start with its own default values.) named after the win-
dow that is saved, e.g.,
Oscilloscope.dia.)

EPC files for amplifier-dependent cali- *.epc SCALE-XXXXXX.epc

bration parameters; SCALE for amplifier

calibration; CFAST for Cfast calibration.

Starting with EPC 10 amplifiers of revi-

sion “N” the scale file is stored on the

EEPROM of the amplifier.

Key file for key commands (includes all * . key Potmaster.key Chapter 3 on page 13

key commands)

Macro file for macros; not supported *.mac Chapter 11 on page 131

anymore starting with version 2.40

Markers file for all marker information *.mrk Chapter 20 on page 227

Method file for Protocol Editor Methods *.mth Chapter 12 on page 157

Online file for Analysis settings (can in- *.onl DefAnal.onl Chapter 13 on page 179

clude more than one Analysis Method)

PG3 files for amplifier-dependent cali- *.pg3 SCALE-XXXXXX.pg3 Only for Potentiostats

bration parameters SCALE for potentio- (PG Series)

stat calibration

Stimulus file for the Pulse Generator set- *x.pgf DefPgf.pgf Chapter 10 on page 99

tings

Protocol file for a protocol pool (can in- *.pro DefProt.pro Chapter 11 on page 131

clude more than one protocol)

Equation file for storing equation strings *.txt Equation.txt Chapter 21 on page 231

Acquisition parameters file *.pul

271

Continues on next page
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26.1. File Types

File Type Extension | Default File Note

Settings file *.set Potmaster.set

Solution file for storing the entries of the *.so0l DefSolutionBase.sol| Chapter 18 on page 221

Solution Database

Filename template file *.tpl Chapter Using a
Recorded Waveform
as Stimulus in the
PATCHMASTER Tutorial

Notebook file *.txt Chapter 4.7 on page 34
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27 Appendix II: Data Format

In this chapter we describe the general structure of the files generated by POTMASTER.

27.1 Data Files

POTMASTER generates up to 8 files, when a data file is created:

1. The Raw Data File (x .dat).

2. The Marker File (x .mrk).

3. The Method File (* .mth).

4. The Analysis File (x .onl).

5. The Stimulation Sequence File (» . pgf).
6. The Acquisition Parameters File (» .pul).
7. The Solution File (*.so1l).

8. The Notebook File (. txt).

If Make Bundle Files is checked in the Configuration window (5.5.2 on page 52), then all files will be merged into
one single bundle file with the file extension « . dat.

Except for the Raw Data File and the Notebook File, all other files have a "Tree" structure. The entire trees are kept
in memory, whereas the raw data Traces are always loaded from disk, when needed.

27.1.1 Raw Data File

This Raw Data File has an optional header, followed by a continuous data stream. Each data point is a 16-bit
signed integer or 32-bit IEEE real as defined in the respective PGF template. When a Sweep is stored, POTMASTER
stores the various Traces (if available) sequentially as defined in the respective PGF template. Traces with leak
pulses are stored leak subtracted. The leak Traces are normally stored after the Traces themselves.

Very long traces with "continuous" segments may be stored as interleaved blocks. The size of such a block is given
in the "InterleaveSize" field (in bytes) of the Trace record, the distance to the next block in the "InterleaveSkip" field
(in bytes).

The structure of the Raw Data File (x . dat) is defined by the file DataFile_v9.txt.
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27.1.2 Markers File

It contains the Marker records. The structure of the Markers File (+.mrk) is defined by the file
MarkerFile_v9.txt. It has a tree structure:

Table 27.1: Markers File Description

Record Description
Root Version information
Marker Description of one marker event

27.1.3 Protocol Methods File

It contains possibly used protocol method records. The structure of the Protocol Methods File (x .mth) is defined
by the file MethodFile_v9.txt.

27.1.4 Analysis Methods File

It contains the assigned analysis method for every Series. The structure of the Analysis Methods File (» .onl) is
defined by the file AnalysisFile_v9.txt. It has a tree structure:

Table 27.2: Analysis Methods File Description

Record Description

Root Version information

Method Description of one Analysis Method
Function Description of one Analysis Function

27.1.5 Stimulation Template File

Stores the stimulation protocol. The structure of the Stimulation File (».pgf) is defined by the file
StimFile_ v9.txt. It has a tree structure:

Table 27.3: Stimulus Template File Description

Record Description
Root Version information
Stimulation Description of an ensemble of pulse patterns;

e.g., I-V curve

Channel Combines the definition for one output
(DAC) and one input (ADC) Trace

Segment Individual segment of a pulse pattern

Stimulation Files can be loaded into the Pulse Generator. In fact, the Pulse Generator Files for the stimulation
protocols used during the experiments have the same data structure as the PGF files, which belong to the recorded
data. In this way it is possible to exactly repeat an experiment by using a copy of a PGF file as Pulse Generator
File.
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27.1.6 Acquistion Parameters File
Stores parameters, such as e.g. Gain, Capacitance.... The pointer to the data stored in the Raw Data File

is also contained in this file. The structure of the Acquisition Parameters File (».pul) is defined by the file
PulsedFile_v9.txt. It has a tree structure:

Table 27.4: Acquisition Parameters File Description

Record Description

Root Version information

Group Larger section of an experiment; e.g., cell or
patch

Series Description of an ensemble of Sweeps

Sweep Description of a Sweep, i.e. one collection of
Traces

Trace Description of an individual data Trace

A graphical template of the Pulsed File (Tree) is shown in the Replay window. It contains information nec-
essary to reconstruct the experimental conditions as the data were recorded.

27.1.7 Solutions File

The file is only generated, when the option Solution Base is activated. It contains the solution record for every
Series. The structure of the Solutions File (x . sol) is defined by the file SolutionsFile_v9.txt. It has a tree
structure:

Table 27.5: Solutions File Description

Record Description

Root Version information

Solution Description of one solution

Chemical Description of one chemical compound

27.1.8 Notebook File

The Notebook File is a standard ASCII text file with line breaks.

27.2 The Tree Format

The idea of POTMASTER is to order the data of an experiment in "Trees". The trunk of the tree (Root) is the main
descriptor of a data file (it could, for example, correspond to one cell or the entire experiments of one day). The
next level is the Group. This level can be defined by the user to identify data that belong together. An example
would be to open a new Group for each patch. The Group may contain several families of records. Such a
family (e.g., records of a current-voltage relationship) is called Series. The individual records of a family are
called Sweeps. Finally, each Sweep may be composed of Traces. A copy of this data tree is accessible to the user
throughout the experiment (so one has an overview of what was recorded, and one can immediately edit the
entries (e.g., discard bad records).
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The following is a description of the Tree format. An example tree with 5 levels can be diagrammed as follows:

Level 1 1T Level 308 1]-T{Level 30 1
NrTr ENETE RATTE B
TiLevel 48 1

B B2V Ho,

The above tree has five levels:

0 : Root
1 : Group
2 : Series
3 : Sweep
4 : Trace

The format of a tree stored to a file is as follows:

1. Magic number: 054726565 (hex) = "Tree"

2. Number of levels

3. Level sizes, one per level

4. Tree records, top down, left-to-right. Each record has the format:

¢ Record contents

e Number of children
All of the values (except the record contents) are INT32 values, i.e., 32-bit (4 bytes) values.

Note: Check the record sizes in the file headers. The record sizes may differ from what you are
expecting, e.g., because the file has been created by an older program version which used fewer fields
than it is currently using, or a newer version with additional fields. You must use the record
sizes stored in the files themselves.
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Note: The "Magic2 number will be 065657254 (hex) = "eerT”, if the file was written on an oper-
ating system with opposite byte ordering (e.g. written under Mac OS, read under MS Windows).
In that case, appropriate byte swapping has to be performed (highest — lowest, etc.), when the data
is read in.

A detailed description of the POTMASTER data file format for programmers is available for down-
load from our FTP server: ftp://server.hekahome.de/pub/FileFormat/Patchmasterv9/.

27.3 File Template

27.3.1 Filename

In POTMASTER you can use so-called template files for stimulation.
You have the following options how to use the file templates:
Option 1: One template per DA channel common to all Sweeps of a Series

In this case, the name of the template file would be:
[stimulus name]_[channel number].tpl

E.g., if the stimulus name is "IV", then POTMASTER looks for the Template File IV_1 .tpl to be used as Template
File for the first DA channel of all Sweeps.

These Template Files must be in a sub-folder of the folder with the pgf files. The sub-folder must named identically
to the stimulus, e.g., "IV".

Option 2: A different template per DA channel and Sweep

In this case, the name of the Template File would be:
[stimulus name]_[sweep index]_[channel number].tpl

E.g., if the stimulus name is "IV", then POTMASTER looks for the Template File Iv_1_1.tpl to be used as Tem-
plate File for the first DA channel of the first Sweep, IV_1_2.tpl for the first DA channel of the second Sweep
and so on.

These Template Files must be in a sub-folder of the folder with the pgf files. The sub-folder must be named
identically to the stimulus, e.g., "IV".

27.3.2 Data Format of the File Template

27.3.2.1 Potentiostatic Stimulation or plain DA output
The file should contain one voltage value per stimulus point. POTMASTER fills missing samples with the holding
value, if Apply StimScale is active, or alternatively with zero. Excessive samples are ignored.

The voltage must be a "short" (4 byte), binary IEEE-floating point format number. All values must be in Volt, i.e.,
if a voltage of -80 mV has to be output, the required value is -0.080. The total number of samples should be equal
to the total number of input samples.
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Index

Analysis

Analysis Graphs
Scrolling Bar, 194

Analysis Methods
Scrolling Bar, 184

Input
X-Trace, 186
Y-Trace, 185

Analysis Window, 183

Analysis Functions, 185
1/(Q), 192
1/(trace), 192
1/a,192
1/atan, 192
1/log, 192
1/sqrt, 192
3D_X, 193
3D_Y, 193
ainb, 192
a*b, 192
a+b, 192
a-b, 192
a/b, 192
abs, 192
Absolute Segment Time, 190
Amplitude, 189
Analysis Function Types, 189
Analysis Index, 189
Anodic Charge, 190
atan, 192
Cathodic Charge, 190
Change, 185
Constant, 192
Cursors, 186
Delete, 185
Differential, 192
Digital-In, 191
Distribution, 193
Duration, 189
Electrode Area, 191
ElProScan, 193
Equation, 191, 192
Extremum, 190
Extremum Amplitude, 190
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Function Type, 185
Histogram, 193
Histogram Amplitude, 193
Histogram Bins, 193
Input, 185

Integral, 190

Intercept, 190

List, 185

In/(Q), 192

In/(trace), 192

LockIn, 191
LockIn_Amplitude, 191
LockIn_Frequency, 191
LockIn_Phase, 191

log, 192

log/(Q), 192
log/(trace), 192

Math, 191

Matrix-X, 193

Matrix-Y, 193
Maximum, 190
Maximum Amplitude, 190
Mean, 190
Measurements, 190
Minimum, 190
Minimum Amplitude, 190
Move, 185

Name, 185

New, 185

OCP, 191

Operation Options, 187
Output, 187

Power Spectra, 193
Q=integral, 192

Real Time, 189

Relative Segment Time, 189
Reversal, 190

Scan Rate, 190
Scrolling Bar, 185
Series Time, 189

Slope, 190

Solution, 191

Solution Value, 191
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sqrt, 192 Share X-axis, 197

Stim. Frequency, 190 Sort, 197

Stimulation Properties, 189 Tics/Direction, 196

Stimulus, 192 Units, 196

Sweep Parameters, 191 Wrap, 195

Tau, 190 X, Y, 195

Temperature, 191 Zero Line, 196

Threshold Amplitude, 190 Analysis Methods, 184

Threshold Crossings, 190 Assign, 185

Time, 189 Automatic Stimulus Control: Assigned, 184

Time to Extremum, 190 Automatic Stimulus Control: Pool, 184

Time to Maximum, 190 Copy, 184

Time to Minimum, 190 Delete, 184

Time to Threshold, 190 Duplicate, 185

Timer Time, 189 Load, 184

Timing, 189 Merge, 184

Trace, 192 Move, 184

Trace Count, 191 Name, 184

Trace Parameters, 191 New, 184

Trace Time, 192 No Analysis, 184

User_1,2, 191 Save, 184

Variance, 190 To Pool, 185

X-position, 193 Use Selected Method, 184

y at pos = x, 191 Cursors

Y-position, 193 Adjust to Position of Function, 186

Z-position, 193 Cursor Bounds, 186

Zero Offset, 191 Cursor Type, 186
Analysis Functionss X-, Y-seg. Offset, 186

Sweep Count, 189 Graph Entries, 198
Analysis Graphs, 194 Axis, 198

Auto after a Series, 196 Connect, 198

Auto after each Sweep, 196 Same Color as Trace, 198

Centered, 197 Set Color, 198

Copy, 194 Size, 198

Fixed, 196 Type, 198

Fixed with last Min/Max, 196 Graph Positions, 199

Grid,Factor, 196 Input

Header, 197 Operation, 186

Include Zero, 196 Value, 185

Labels, 197 Nomenclature, 183

Max, 195 Operation Options

Min, 195 Average Points, 188

Modify Axis, 196 Baseline, 188

Nice Values, 196 Crossings, 188

Normalize, 197 Equation, 188

On/Off, 194 Fit, 187

Overlay, 195 Histogram Bins, 188

Position, 196 Ramps Only, 188

Print, 194 Output

Redraw, 194 Notebook, 187

Save to Tree, 194 Result Unit, 187

Scale, 195 Store in Value, 187

Scale Axis, 195 Stimulus Control, 184
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File Template, 281
Tree Format, 279
Data Format of the File Template, 281
Filename, 281

Calculator Window, 235
Command Line, 235
Equation, 235
Equation Syntax, 236

Comments, 237

Constants, 237

Math Equation, 237, 238

Math functions, 236

Special Case, 237
Equations

Analysis, 237
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Load, 235
Question Mark, 235
Results, 235
Save, 235
Save Equation, 235
Select Equation, 235
Configuration
Hardware
DoculUX, 52
EIProScan, 53
Photometry, 52
Configuration Window, 45
Batch Communication
Connections, 49
Disable, 48
Enable as Receiver, 49
Enable as Sender, 49
Logging, 49
Polling, 49
Synchronize Files, 49
Display, 58
3D Graph, 59
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Grid Digits, 59
Hide Charge Controls, 59
Hide Current Density Controls, 59
Hide PGF-Bar in Control Window, 59
Hide Protocol-Bar in Control Window, 59
Notebook, 58
Notebook Digits, 58
Show Amplifier Protocols, 59
Show Fixed Control Protocols, 59
Show Leak Pulses in PGF Editor, 59
Show Options, 59
Time Digits, 58
Wipe at Start, 58
Files, 55
Ask for Data File, 56
Auto Filename, 56
Batch Path, 55
Data File, 55
Dialog Files, 55
Equations File, 55
Experiment Number, 57
Home path, 55
I-gain Lookup, 56
Make Bundle Files, 56
Maximum File Size Alert, 57
Miscellaneous Settings, 56
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Naming Folders and Files, 56 1/0 Control, 60
Online File, 55 AD scale, 63
PGF Pool File, 55 AD/DA Input Scaling, 61
Protocol File, 55 AD/DA Output Scaling, 61
Save after Break, 56 Curr. Bandwidth, 64
Save Settings File, 56 DA scale, 64
Solution Base, 55, 56 Default, 60
Startup Protocol, 57 Electrode Area, 64
Temporary Path, 55 List, 60, 63
Verify Quit, 56 Name of Value, 64

General, 47 Show AD Values, 64
Batch Communication, 48 Show AD-channels, 64
Log Compression, 48 Show DA Controls, 64
Max Shown Traces and Values, 47 Show Digital In, 64
Max. Shown Traces, 47 Show Digital In/Out, 64
Max. Shown Values, 47 Show Digital Out, 64
Maximum Number of Stimulation Traces x Show Solutions, 64

Points, 48 Show Values, 64

Maximum Sample Points, 48 Source, 60
Memory Allocation, 47 Temperature, 64
Minimum Wait Time, 48 User Parameters, 64
Spectrum Buffer Size, 48 Individualize POTMASTER, 46
User Name, 49 Miscellaneous, 68

Hardware, 49 Analysis Maximum Sweeps Redraw, 69
ITC-1600, 50 Analysis Mode, 68
ITc-16, 50 Analysis: Compress Vectors, 69
ITC-18, 50 Analysis: Include Headers, 69
L1H 1600, 50 Analysis: Sweeps | Results, 68
L1H 8+8, 50 Analysis: Write Sweep Index, 69
Amplifier and Digitizer Selection, 50 Clear Comment, 69
Amplifier Selection, 50 Replay Scroll Rate, 69
Board Type, 50 Save, 47
Current In, 51 Default Settings, 47
Demo Mode, 51 Default Windows, 47
Digitizer Selection, 50 SAVE, 47
E-initial Out, 51 SAVE AS..., 47
Imaging, 52 Trace Assignment, 65
LocklIn, 51 AD-Channel, 65
Lookup Tables, 51 Amplifier, 65
Output and Input Channels, 51 Digital, 66
PG 284, 50 EIProScan, 67
PG 285, 50 Imaging, 67
PG 300, 50 Leak, 66
PG 300 USB, 50 LockIn, 66
PG 330 USB, 50 Photometry, 67
PG 400 Local, 50 S.W.Voltammetry, 67
PG 400 Remote, 50 Spectroscopy, 66
Serial Out, 54 Trace Count, 65
SmartLUX, 52 Virtual, 66
Spectroscopy, 52 Configuration Windows
Stim. Scale, 51 1/0 Control
Telegraphing Amplifier, 50 OCP, 64
Voltage In, 51 Control Window, 95
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Controlling Data Acquisition, 96 Edit Marker, 233
Average, 96 Delete, 233
Break, 96 Marker Index, 233
Next, 96 Scrolling Marker List, 233
Resume, 96 Show Marker, 233
Stop, 96 Show Sweep, 233
Store, 96 Text, 233
Wait, 96 Time, 233
Fixed Control Protocols, 97 Trace, 233
Information, 95 Write to Notebook, 233
Comment, 96 New Marker, 231
State, 95 Add Marker, 231
Time, 96 From Sweep, 233
Timer, 96 Text, 231
Start PGF Sequence, 97 Time, 232
Starting a Protocol, 97 Trace, 231
Menus, 21
1/0 Control Window, 217 Buffer Menu, 37
AD-Channels, 218 Accumulate Trace, 37
DA-Channels, 218 Add Trace, 37
Dig-In, 217 Buffer 1...Buffer 4, 37
Dig-In/Out Clear, 37
Clear, 217 Clear All, 37
Dig-In/Out, 217 Deaccumulate Trace, 38
Single Bit, 217 Equation, 37
Dig-Out, 217 Export, 37
Parameters, 218 Import, 37
Serial Output, 218 Parameter Handling, 38
Serial Port, 218 Replace Target Trace, 38
Solutions, 218 Scale, 37
Values, 218 Show, 37
Imaging Extension, 251 Subtract Trace, 37
Introduction, 1 Use Full Trace, 37
Closing Potmaster, 7 With Marked Target and Children, 38
Disclaimer, 1 Display Menu, 33
Installing Potmaster, 6 3D-Mode, 34
Key Conventions, 5 Auto Show, 33
Naming Conventions, 4 Auto Y-scale, 33
EPC Type Amplifiers, 4 Buffer, 35
Syntax, 5 Center, 36
Windows versions, 5 Dimmed Overlay, 33
Online Help Controls, 7 Done, 36
Online Help on Keys, 6 Extend, 35
POTMASTER Concept, 1 Fixed X-width, 33
Scope, 1 Fixed Y-scale, 33
Starting Potmaster, 6 Freeze Zero Line, 34
Support Hotline, 8 Labeling, 34
Supported System Software, 4 Marker, 36
Overlay Pages, 33
Keys, 17 _ Overlaz Seﬁes, 33
K.ey. file, 18 Overlay Sweeps, 33
Listing, 17 Overlay Traces, 33
Markers, 231 Reference Series Correction, 36
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Repaint, 36
Show, 36
Show Tree Info, 34
Show Zero Line, 33
Subtract Reference Series, 33
Subtract Trace Buffers Series, 33
Subtract Zero Offset, 33
Trace, 35
Trace Buffer Correction, 36
Trace Properties, 33, 35
Use Trace Scaling, 36
Vectors, 36
Edit Menu, 25
Clear, 25
Copy, 25
Cut, 25
Find Same, 25
Find Selection, 25
Find..., 25
Paste, 25
Replace Same, 25
Replace..., 25
Select All, 25
Undo, 25
File Menu, 21
Close, 22
File Status, 22
Merge..., 22
New Experiment, 22
New Group, 22
New..., 22
Open Modity..., 22
Open Read Only..., 22
Page Properties Notebook. .., 23
Page Properties Traces..., 24
Page Setup..., 23
Quit, 24
Update File, 22
Write Tree File, 22
Help Menu, 43
About POTMASTER, 44
Hide Keys, 44
List all Items, 44
List all Macro Items, 44
List Keys, 44
Save Keys, 44
Show Keys, 43
Show Tooltips, 43
Notebook Menu, 38
Auto Store, 39
Clear, 38
Clear when Saved, 38
Font Size..., 38

Line Numbers, 38
Merge. .., 38

Print..., 38

Save, 38

Save as..., 38
Scientific Notation, 39
Set Length.. ., 38
Zoom, 38

PG 300/PG 600 Menu, 40

Calibrate PG300, 41

E vs HE, 40

E vs OCP, 40

E vs Reference, 40

EIS Calibration, 41

Initialize PG300, 41

Serial Number, 43

Update Delay, 40

Update DelayStimulus Ranging, 41
Use Value in Data File, 40

Protocols Menu, 39

Append Macro File, 39
Execute, 39
Execute while Recording, 39

Replay Menu, 27

ASCII, 28

ASCII-Text Format, 30
Copy PGF to PGF-Pool, 27
Delete, 27

Export, 28

Export Format, 28
Export Full Sweep, 28
Export Mode, 29
Export Trace, 30

Igor Pro, 28, 29

Import Trace, 30
MatLab, 28

PICT, 28

Print, 28

Printer, 28

Reference Series, 27
Show, 27

Show Method, 27
Show PGF Template, 27
Trace Time, 28

With marked Target and Children..., 30

WME, 28

Windows, 26
Windows Menu

Analysis Window, 26
Calculator, 26

Close Front Window, 27
Configuration Window, 26
Control Window, 26
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Markers, 26 Flagging, 212
Notebook, 27 Clear all Flags, 213
Oscilloscope Window, 26 Copy Flags from, 213
Parameters Window, 26 Default Flags, 213
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Protocol Editor Window, 26 Info to Notebook, 213
Protocol Methods, 26 Marked to File, 213
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Replay Window, 26 Target to File, 213
Reset Front Window Position, 27 Target to Notebook, 213
Save Front Dialog, 27 Parameter Tabs, 202
Solution Base, 26 Amplifier Items, 208
Spectroscopy, 26 ElProScan Items, 210

Group Items, 203

Notebook Window, 215 LF, 212
Marked Items, 212
Oscilloscope Parameter Options, 212
Display Root Items, 202

Cursor shapes, 71
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Series Items, 204

Sweep Items, 205
Measure, 72 Titles, 212
Overlay Options Trace Items, 206
Overlay Series, 72 Photometry Extension, 241
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Page Reset, 73 Set, 244
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Trace Color, 73 Conditional Mode, 248
Trace Selection, 73 TTL Mode, 248
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Y-Scale, 73 Emit-1, 246
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Zooming, 71 Filter Position, 246
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Scan, 72 Speed, 246

Navigation, 72
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pti DeltaRAM, 249 I-initial, 76
Defaults, 242, 244, 246, 249 IR-Compensation, 79
Emit-1, 249 Monitor, 75
Emit-2, 249 Notch Filter, 77
Excitation, 249 OCP, 76
Resting Wavelength, 249 Open Cell Potential, 76
Set, 249 Reset, 80
Shutter Selection, 249 Standby, 76
Undo, 242, 244, 246, 249 Stimulus Filter, 78
Wavelength to Volt, 250 Tuning, 77

R-max, 241 Voltage Filter, 78

R-min, 241 PG 340 - Special Functions, 89

TILL Photonics/Cairn OptoScan, 242 Additional Settings, 90
Calibrating TILL monochrometers, 244 Electrode Conditions, 89
Compute Factors, 243 Electrode Mode, 90
Emit-1, 242 Potential/Current Settings, 90
Emit-2, 242 PG 600 - Main Functions, 83
Excitation, 242 Amplifier Protocols, 87
from - to, 243 Auto Filter, 85
lower - Scan, 243 Auto Range, 86
Polychrome I, 244 Break + Standby, 85
Polychrome II, 244 Charge Controls, 87
Polychrome 1V, 244 Control Amplifier Bandwidth, 85
Polychrome V, 244 Current Density Control, 87
Resting Wavelength, 242 Current Range, 84
Set, 242 DC Subtraction, 85
Shutter Selection, 242 E-cell, 83
upper - Scan, 243 E-initial, 84
Volt, 243 Electrode Area, 88
wavelength, 243 Electrode Mode, 86
Wavelength Calibration, 243 Filter Settings, 85
Wavelength to Volts, 243 Galvanostatic Mode, 83

Potentiostat Window, 75 I-cell, 83

PG 300 - Main Functions, 75 I-initial, 84
Amplifier Mode, 77 IR Comepensation, 86
Amplifier Mode Switch, 80 Monitor, 83
Amplifier Protocols, 81, 82 OCP, 83
Auto Filter, 77 Open cell potential, 83
Auto Range, 80 Output Filter, 85
Break+Standby, 77 Potentiostatic Mode, 83
Cell, 76 Reset, 86
Cell Connection, 76 Standby, 83
Control Amplifier Bandwidth, 78 Stimulus Filter, 85
Current Filter, 78 Tuning, 84
Current Range, 76 Voltage Range, 84
E-cell, 76 PG 618 - Special Functions, 91
E-initial, 76 Amplifier-1, 91
E-initial range, 81 Amplifier-2, 92
Electrode Area, 82 Amplifier-2 - Additional Features, 93
Electrode Mode, 80 Amplifier-2 - Filter Settings, 92
Ext. Input, 80 Electrode Conditions, 91
Filter Settings, 77 Protocol Editor - E-Chem Methods, 161
I-cell, 76 Cyclic Voltammetry, 165
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+1 end cycle, 166
Anodic Peak, 166
Auto Ranging, 166
Baseline, 166
Cathodic Peak, 166

Customizing Acquisition Sequence, 170

CV Parameters, 165

Increment, 166

Keep at End, 166

Number of Cycles, 166

Reversal Pot. 1, 166

Reversal Pot. 2, 166

Scan Rate, 166

Start/End Potential, 165

Total Length, 166

Use E-init, 166
Impedance Spectroscopy, 172

Acquisition, 173

Auto Ranging, 172

Customizing Analysis, 175

Cycles to Skip, 172

EIS Parameters, 172

End Frequency, 172

Freq. per Decade, 172

Min. Cycle Count, 172

Sine Amplitude, 172

Start Frequency, 172

Total Length, 173

Use Calibration Table, 173
Open Circuit Potential, 176

Acquisition, 176

Duration, 176

Parameters, 176

Set OCP, 176
Optical Spectroscopy, 181
Square Wave Voltammetry, 178

Acquistion, 180

Alternate Scan Direction, 179

Amplitude, 178

End Potential, 178

Frequency, 178

I sampled from, 179

Keep at End, 178

Keep Traces, 179

Number of Cycles, 179

Parameters, 178

Peaks, 179

Pot. Increment, 179

Rel. to E-init, 178

Scan Rate, 178

Start Potential, 178

Tau, 178

Total Time, 179
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Cyclic Voltammetry
Acquisition, 167
Analysis, 168

Protocol Editor Window, 135

Acquire Each Sweep
Duration, 145
Increment, 145

Acquire Properties
Set Min. Wait Time, 146
Update R-membrane and I-pipette, 146
Wipe Display at Start, 146
Write Events to Notebook, 146

Acquire Series
Averages, 145
Break Keys, 145
Comment, 145
Edit PGF Template, 145
Label, 145
Sequence, 145

Amplifier
Auto Filter, 147
Auto Range Once, 147
OCP Set, 147
Set Amplifier Mode, 147
V-membrane, 147

Analysis
Analysis Mode, 149
Edit, 149
Name, 149
Set Graph Position, 149
Wipe, 149

BREAK
Type, 139

Chain Protocol
Edit Protocol, 139
Protocol Name, 139
Return, 139
Select Protocol, 139

Display Properties
Overlay Series, 150
Overlay Sweep, 150
Reset Timer, 150
Show Leaks, 150
Show Traces, 151
Show Tree Info, 150
Subtract Leaks, 150
Subtract Zero, 150
Wipe Online, 150
Wipe Osci, 150

ElProScan
Piezo-Position, 158
Position, 158
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Scan Mode, 158
X-Position, 158
Y-Position, 158
Z-Position, 158

Event Handling, 136
Delete, 136
Duplicate, 136
Events, 136
Insert After, 136
Insert Before, 136
Move, 136

Events, 138
Acquire Each Sweep, 145
Acquire Properties, 146
Acquire Series, 145
Acquisition, 145
Amplifier, 146
Analysis, 149
Annotation, 156
Beep, 157
BREAK, 139
Chain Protocol, 139
Clear Key, 139
Data/Display, 149
Digital Filters, 149
Display Properties, 150
ElProScan, 157
ELSE, 142
ELSEIF... THEN, 142
Export, 151
Extensions, 157
File Operation, 151
GOTO, 140
GOTO_MARK, 140
Hardware, 146
IF...THEN, 140
Imaging, 159
Launch, 143
Macro Command, 143
Messages, 156
Methods, 159
PGF Parameters, 154
Photometry, 159
Protocol Sequence, 139
REPEAT, 143
Replay, 152
Serial Output, 147
Set DAC, 147
Set Digital Bit, 148
Set Digital Word, 148
Set Solution Changer, 148
Set Solutions, 154
Set Sweep Label, 146
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Set Value, 155
Switch Window, 144
Trace Buffer, 153
Value/Parameter, 154
WAIT, 144
Write Icon Value, 157
Export
Filename, 151
Full Sweep, 151
Overwrite, 151
Target, 151
File Operation
Close File, 152
File Status, 152
Label, 152
New Experiment, 152
New File, 152
New Group, 152
Save after Break, 152
Store Data, 151
Update File, 152
GOTO
Mark, 140
GOTO_MARK
Mark, 140
IF...THEN
Left Source, 140
Logical operators, 142
Right Source, 141
Macro Command
Command, 143
PGF Parameters
1...10, 154
Operation, 154
Value, 154
Photometry
New Resting Wavelength, 159
Open Shutter / Close Shutter, 159
Set New Speed, 159
Set New Wavelength, 159
Set Resting Wavelength, 159
Protocol Handling, 135
Delete, 136
Load, 136
Merge, 136
Move, 136
Name, 136
New, 136
Protocol Pool, 136
Record Macros, 136
Relative Value, 136
Save, 136
Step, 136
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To End, 136
Write, 136
Recurring Functions, 137
Delay, 137
If etc. Result, 137
Repeat Status, 137
Skip, 137
REPEAT
Duration, 143
Increment, 143
Serial Output
String, 147
Set DAC
Channel, 148
Operation, 148
Use Dac Scaling, 148
Voltage, 148
Set Digital Bit
Channel, 148
low, 148
Set Digital Word
Digital Bits, 148
Digital Word, 148
Set Solution Changer
Set Marker, 148
Solution, 148
Set Solutions
Set External, 154
Set Internal, 154
Set Marker, 154
Set Sweep Label
Sweep Label, 146
Sweep Label Target, 146
Set Value
Copy, 156
Operation, 155
Value, 156
Value 1...16, User 1 -2, 155
Trace Buffer
Clear Buffer, 153
Operation, 153
Replace, 153
Scaling, 153
Target, 153
Trace Buffer Source, 153
Update Analysis, 153
Update Display, 153
WAIT
Wait type, 144
Write Icon Value
Alertbox, 157
Icon Text / Icon Value, 157
Item ID, 157
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LF, 157
Notebook, 157
Title, 157
Pulse Generator
Check and Execute
Execute, 108
Segment Classes
Delete, 126
Pulse Generator Window, 103
Acquisition Modes, 106
Gap Free Mode, 106
Interactive Mode, 106
AD Input Channel
AD, 121
Build Instructions, 123
Chirp, 121
Compression Modes, 122
Defaults, 123
Dig-0...15,121
Dig-in (word), 121
Digital Filter, 122
E-mon, 121
I-mon, 121
Imaging, 122
Leak, 124
Link, 122
LockIn, 122
Mux, 121
Off, 121
Photometry, 122
Set Offset, 122
Unit, 122
Virtual, 121
Zero Offset, 124
Auto Sample, 106

Channel Settings DA - Output/AD Input, 118

AD Input Channel, 121
Channels, 118
DA Output Channel, 118
Use of Digital Outputs, 119
Check and Execute, 107
Checking, 108
Not Checking, 108
Chirp Wave Parameters
Amplitude, 114
End Frequency, 114
Exponential Chirp, 114
Linear Chirp, 114
Points/Cycle, 114
Pre-Chirp, 115
Segment Points, 114, 115
Spectroscopy Chirp, 115
Start Frequency, 114
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Value/Parameter, 114
DA Output Channel
Analog output, 118
Apply StimScale, 119
Dig-0...15,118
Dig-out (word), 118
Leak, 120
load from file template, 119
Off, 118
relative to Einit, 119
Stim-out, 118
Stimulus - DA, 119
Unit, 119
use DA-Scaling, 119
use for Imaging, 119
use for LockIn, 119
use for Spectroscopy, 119
use for Wavelength, 119
E-initial, 131
Error Handling, 134
Increment Modes
Alternate, 127
Decrease, 127
Increase, 127
Interleave +, 127
Interleave -, 127
Toggle, 127
Leak Correction, 131
Alt. Leak Average, 132
Hardware Leak, 132
Leak Alternate, 132
Leak Delay, 131
Leak Hold, 131
Leak min/max, 131
Leak Size, 131
No of Leaks, 131
Software Leak, 132
Wait, 133
Logarithmic Increment Modes
dt*Factor, 128
dV*Factor, 128
t*Factor, 128
V*Factor, 127
Miscellaneous, 129
Analysis Method, 130
Break Condition, 129
Break if >, 129
Break if <, 129
Break if abs <, 129
Break on next, 129
Common Timing, 129
Filter Factor, 130
Galvanostatic, 129

No Break, 129
Potentiostatic, 129
Recording Mode, 129
Relevant Segments, 130
Separate Timing, 129
PGF Parameters, 134
Photometry Wave Parameters

Adapt to Maximal Sweep Length, 116

Expand, 116

Number of Cycles, 116

Number of Segments, 116

Trunc, 116
Recording Mode

Any Mode, 129
Segment Classes

Chirp, 126

Constant Segment, 126

Continuous, 126

Delete, 126

Duplicate, 126

Duration, 126

Insert, 126

Potential, 126

Ramp, 126

Segment Class, 126

Sine, 126

Square, 126

Store, 125

Value setting, 126
Segments, 125

Increment Modes, 127

Logarithmic Increment Modes, 127

Scan Rates, 127
Segment Classes, 125
Sequence Pool, 105
Copy, 105
Delete, 105
List, 105
Load, 105
Merge, 105
Move, 105
Name, 105
New, 105
Save, 105
Sequence Selector, 105
Sequence Buttons, 105
Sine Wave Parameters, 108
Actual Frequency, 109
Common Frequency, 109
Cycles to Average, 111
Cycles to Skip, 110
LockIn, 110
Peak Amplitude, 109
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Points / Cycle, 109
Requested Frequency, 109
Separate Frequency, 109
Total Cycles, 111
Use Theoretical Stimulus, 110
Value/Parameter, 109
Square Wave Parameters
Actual Frequency, 111
Amplitude Increment, 112
Common Frequency, 111
Cycles to Average, 113
Cycles to Skip, 113
LockIn, 112
Negative Amplitude, 112
Peak Amplitude, 111
Points/Cycle, 113
Positive Duration Factor, 112
Requested Frequency, 111
Separate Frequency, 112
Total Cycles, 113
Use Theoretical Stimulus, 113
Value/Parameter, 111
Stimulus Template, 130
Delay, 130
Preview Mode, 130
Sweep and Channel Length, 108
Channel Length, 108
Stimulus, 108
Stored Sweep Duration, 108
Sweep Duration, 108
Sweep Length, 108
Timing, 106
Allow Continuous Redraw, 106
No Wait before 1. Sweep, 106
No. of Sweeps, 106
Not Triggered, 107
Sample Interval, 107
Start Segment, 107
Start Time, 107
Sweep Delay, 106
Sweep Interval, 106
Trigger Mode, 107
Trigger Series, 107
Trigger Sweep, Main only, 107
Trigger Sweeps, Main + Leaks, 107
Use Durations, 107
Use Scan Rates, 107
Wait before 1. Sweep, 106
Views, 104
Cartoon View, 104
Condensed View, 104
Full View, 104
Wave Parameters, 108
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Chirp Wave Parameters, 113
Imaging Wave Parameters, 116
Photometry Wave Parameters, 115
Square Wave Parameters, 111

Replay Window, 99
Main window functions, 99

Apply, 100

Arrows, 100

Interpreting Tree objects, 100
Label, 99

Maneuvering, 101

Mark, 100

Mark a Target and its Children, 101
Mark All, 100

Repeat Rate, 100

Selecting /Marking multiple objects, 101
Show, 100

Text, 99

Tracing, 100

Tree Handling, 100

Unmark, 100

Visible, 100

Window Scroll Arrows, 100

Software LockIn Extension, 253
Capacitance Measurements, 256

Activating the LockIn Extension, 256
Amplifier Settings, 260

Analysis, 261

Creating a PGF sequence, 257
LockIn Configuration, 256

Running the PGF sequence, 260

LockIn Configuration

Points to Average, 254

LockIn Configuration Window, 253

Attenuation, 254

Compute LockIn of Marked Targets, 254
Default Y-ranges, 254

LockIn Mode, 253

Offline Computation - Trace to create, 254
Parent Trace, 254

Phase Shift, 253

SetDefaults, 254

Skip, 254

Write to Notebook, 254

LockIn Mode

On Cell, 253

Phase Range: 0..180, 253
Phase Range: 0..360, 253
Piecewise Linear, 253
Sine + DC, 253

LockIn Traces, 254

LockIn_Admit(Y), 255
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LockIn_Imag(Y), 255 Chirp_Real(Z), 268
LockIn_Imag(Z), 255 Compute Spectroscopy of Marked Targets, 268
LockIn_Imp|Z|), 255 Correction Mode, 267
LockIn_Phase, 255 Default Ranges, 268
LockIn_Real(Y), 255 Input Source, 267
LockIn_Real(Z), 255 Log Compression, 267
Solution Changer, 229 Offline Computation - Traces to create, 268
Solutions, 225 Parent AD-Trace, 268
Solution Base, 225 Reference Element Correction, 267
Solution Data Base, 226 The Spectroscopy Traces, 268
Append, 227 Supported
Concentration, 227 Potentiostats/Galvanostats, 4
Create Entry, 227
Delete, 227 User Inferface
Delete Entry, 227 Dialog Controls, 9
Duplicate Entry, 227 Background Color, 10
Entries, 227 Boolean, 10
Export Label, 227 Button, 9
Export Listing, 227 Checkbox, 9
Ingredient, 227 Drag, 9
Insert, 227 Edit Text, 9
Last Entry, 227 Enter, 10
Name, 226 Framed Text, 10
Next Entry, 227 List, 9
Number, 10

Numeric Name, 226

Numeric Name Value, 226 Ra(?lio Button, 9
Osmolarity, 226 Switch, 9
pH, 226 User Interface, 9
Solution Index, 226 Copy and Paste Functions, 16
Solution Indices, 226 Dialog antrols
Spectroscopy Extension, 265 Nume.rlcal Input, 10
Display of Spectra, 273 SI F.Jmts, 10
Introduction, 265 String Bulffer, 10
Chirp Wave Forms, 265 Modifying Dialogs and Controls, 10
Exponential Chirp, 265 Deleting Controls, 14
Linear Chirp, 265 Dialog Control Window, 11

Hiding Controls, 13
Saving Dialogs and Controls, 14
Switching Windows, 15

Spectroscopy Chirp, 266

Transfer Function Ratio, 266
Spectroscopy Acquisition, 269

Adding Chirp Analysis Traces, 270

Minimizing Swing-In Effects, 270

Parametrization of the Chirp Stimuli, 269

Possible Frequency Range, 269

The Chirp Wave Dialog, 269

Useful Frequency Range, 270
Spectroscopy Extension, 266

Chirp_Admit(Y), 268

Chirp_Avg, 268

Chirp_Imag(Y), 268

Chirp_Imag(Z), 268

Chirp_Imp(Z), 269

Chirp_Phase, 268

Chirp_Real(Y), 268

Zero Potential Window
Manual Input, 221
Normal Hydrogen Electrode, 222
Reference Potential, 222
Relative Hydrogen Electrode, 222
Zero Potential Windows, 221
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