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The Multi Channel Experimenter is the online data acquisition software of the Multi Channel Suite package. The
Multi Channel Analyzer is for offline analysis of data generated with the Experimenter, and the Multi Channel
DataManager allows to export Experimenter Data to 3™ party file formats. Please read the following chapters
to understand the general concept of the Multi Channel Suite before starting.

You are free to use Multi Channel Experimenter for its intended purpose. You agree that you will not
decompile, reverse engineer, or otherwise attempt to discover the source code of the software.

Multi Channel Systems MCS GmbH makes no guarantee as to the accuracy of any and all tests and data
generated by the use the Multi Channel Experimenter software. It is up to the user to use good laboratory
practice to establish the validity of his findings. To the maximum extent permitted by applicable law, in no
event shall Multi Channel Systems MCS GmbH or its suppliers be liable for any special, incidental, indirect, or
consequential damages whatsoever (including, without limitation, injuries, damages for data loss, loss of
business profits, business interruption, loss of business information, or any other pecuniary loss) arising out of
the use of or inability to use Multi Channel Experimenter or the provision of or failure to provide Support
Services, even if Multi Channel Systems MCS GmbH has been advised of the possibility of such damages.



Experimenter. If you do not fulfil all requirements stated below, this may lead to malfunctions or
breakage of connected hardware, or even fatal injuries. Always obey the rules of local
regulations and laws. Only qualified personnel should be allowed to perform laboratory work.
Work according to good laboratory practice to obtain best results and to minimize risks. Make
always sure to validate your findings. Prepare backup copies on a regular basis to avoid data
loss.

: Warning: Make sure to read the following advice prior to install or to use Multi Channel

The operator is obliged to ensure that Multi Channel Experimenter is only be used for its intended purpose and
that it is only used by qualified personnel.

devices. MCS devices are not intended for medical uses and must not be used on humans,
especially not for uses that could impair health. MCS assumes no responsibility in any case of
contravention.

: Warning: Multi Channel Experimenter software is developed for Multi Channel Systems MCS

One of the following Microsoft Windows ® operating systems is required: Windows 10, 8.1 or Windows 7
(English and German versions supported) with the NT file system (NTFS). Other language versions may lead to
software errors. For operating devices with USB 3.0 connection, Windows 10 or 8.1 are strongly
recommended, as frequent errors are reported with USB 3.0 under Windows 7.

If a computer was acquired from MCS, the Multi Channel Suite will be preinstalled. Updates are available for
free download on a regular basis from the MCS web site. It is recommended always to install the latest
software version. To install the software, download and start the respective *.exe file and follow the
instructions on the screen. It is possible that at the first use after installation of an update the software offers a
firmware upgrade. Allow the firmware upgrade and follow the instructions on the screen.

The following automatic services of the Windows operating system interfere with the data storage on the hard
disk and can lead to severe performance limits in Multi Channel Experimenter. These routines were designed
for use on office computers but are not very useful for a data acquisition computer.

e  Turn off Screen Saver.

e  Turn off Windows Indexing Service. Only important for data hard drive.

e Manual management of automatic Windows Update.

e Power Options: Power scheme: Never turn off monitor, hard disk and system standby.

Itis also not recommended to run any applications in the background when using Multi Channel Experimenter.
Remove all applications from the Autostart folder. Be careful when using a Virus Scanner. These programs are
known to disturb Multi Channel Experimenter and even data loss may occur.

Please be sure to install the newest USB driver and/or the driver for main board chip set available.
This is recommended if there are problems with the data acquisition.

When using a MEA2100-120-System or a MEA2100-2x60-System it is recommended to connect a high
performance computer with a separate hard disc for program files and data storage. The provided possibility to
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use up to 240 channels with a sample rate of up to 50 kHz needs high memory capacity. Please remove data
and defragment the hard disc regularly to ensure optimal performance.

computer were preconfigured by MCS and should not be changed by the user. Changing

: Warning: If purchased from MCS, the operating system settings of the data acquisition
these settings can lead to program instabilities and data loss.

The Multi Channel Experimenter will operate only with data acquisition systems from Multi Channel Systems.
Currently the MEA2100-, the ME2100-, the W2100-, the Basic Wireless-System, the SE-Wireless and the USB-
ME data acquisition systems are supported (USB-ME16/32, USB-ME64/128/256), in all respective variations.
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The Multi Channel Suite consists of four parts: The Multi Channel Experimenter for online data acquisition, the
Multi Channel Analyzer for offline data analysis, the Multi Channel DataManager for data conversion, and the
Multi Channel VideoControl for controlling a video camera. Many features and concepts apply to all parts.

Open the software with a double click on the Multi Channel Experimenter icon or select it from the start menu.

\

S\ A2

The Multi Channel Experimenter operates with virtual instruments, which can be combined and saved as so
called Experiments for later use. When opening the software, all available instruments are shown as blue icons
on the left hand side of the screen. Each icon can be dragged and dropped in the main window.

Multi Channel Experimenter (Instance: 1) - - 8 “

P start DAQ | 4 Load Bxperiment ¥ Save Experiment As.

Experiment Setup

Data Sources

-y
-~y
by =
MEA2100
Recorder

Stimulators

|| Stimulator 1 A

General

{¢————=Available Instruments

s-Channel

euro
v P v

Number of USB data losses: 0 Recording Time: 0 DAQ Time: 00:35:24

¥ Save Experiment

Most instruments have color coded data ports. Ports on the upper side represent data input to the instrument,
ports on the lower side represent data outputs of the instrument. Only ports with matching colors can be
connected by drawing a connection line between a data output and one or more data inputs. Data flows along
those lines from the data source through the instruments.
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An instrument without connected data inputs is not functional. Please see movie for illustration.

Multi Channel Experimenter (Instance: 1) - - =
| | yew— I y——
Experi Sety

p
Data Sources

Draw a connection
between two matching

ports to connect two
/ instruments

Data input ports; one input can
only be connected to one output

MEA2100 1 B

Stimulator 1 A

Trigger Generator
Data output ports; one
output can be connected

to more than one input \f
Filter Digital Event Det...

ke Detector

Recorder input port; as an exception
/ from the rule, the Recorder input will
accept an unlimited number of inputs

) of any kind of data
Recorder

Number of USB data losses: 0 Events:  Recording Time: DAQ Time:

Hovering the mouse pointer above an Output Port will give you a Tooltip with the data type the port provides.
A right click on a data connection allows to delete the connection. A right click on an instrument brings up a
menu which allows to delete or rename the instrument.

=
MEA2100

Delete Instrument
Edit Instrument Name...

Show Info...

Once a configuration of instruments has been designed, it can be saved for later use. Such a configuration is
called Experiment, and can be saved and loaded from the main menu bar. The file extension for an Experiment
file is *.mse. The Save and Load Experiment functions do not save or load data, just the combination of
instruments.

Multi Channel Experimenter (Instance: 1) - oS

| ¥ save Experiment As.. I

-1 ox

| ¥ save Experiment

P startDAQ I 4 Load Bxperiment

Experiment Setup Save and load Data Acquisition

m G —
-0 | Data Acquisition: 2 7 5
- D O O N N
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A double click on each instrument opens a tab with the control interface for that instrument. Each instrument
has its’ own control window tab. The tab of the selected data source always shows the raw data. Most
instruments can be selected more than once, and be connected in parallel or in series. Exceptions are the data
source, the recorder, and the stimulator, which can be selected only once.

Multi Channe! Experimenter (Instance: 1) - - o
P> startDAQ I A Lo B(perlmentl | ¥ s Expenmentl | ¥ Save Experiment As... I
- ox
Save and Ioad Data Acquisition

Al
triment
configuration

(==
MEA2100

O]

Recorder

Sample Rate:

Stimulators

L stmuator 1 A

\ BOMEA100/10
\ 322222
X 388809

o ! 00000000
L. \VAE s88828s
J-L Digital Event Detector E‘;’:ss—channel

000

“f’i"‘ Cross-Channel () Audio Settings:

Instruments in () Resitime Feedback

series

v

L SPIke Detector

o]
Recorder

Tabs with control interfaces
for all instruments

[ memrmon]Fiver 20z P croer et (1 |Fecorar (0]t sove ]

Recording Time: 0 DAQ Time: 00:00:05

The connecting lines between the instruments represent the flow of data. In the example above, there is a
stream of raw data coming from the data source MEA2100 into the recorder directly, and will consequently be
recorded in the file. The same raw data stream is processed through a 20 Hz high pass filter, and the filtered
data is further processed by the Cross-Channel Tool. The data processed by those two instruments is then
connected to the recorder and will generate a second data stream with filtered AND referenced data in the
recorded file. A third data stream will be the raw data filtered by a 50 Hz notch filter.

Instruments operate as independent units. They process the data from the respective input port and generate
one or more data streams in the output port(s). Settings have to be done separately for each instrument in the
respective control window tab.

If multiple data sources are connected to the computer, they are indicated as separate icons in the
Experimenter. In case of a MEA2100-HS2x60, each individual MEA slot is a separate data source. Only one data
source can be used in one instance of the Experimenter. Multiple instances can be opened simultaneously to
control different data sources independently, for example two instances to control the two MEAs of a
MEA2100-HS2x60. The active data source is shown in a light blue color. Data sources already occupied by
another instance of the software are shown in grey. Not selected but available data sources are darker blue.
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Experiment Setup

Recorder

DAQ not active,
but available

DAQ active
in other instance

DAQ active

The types of data occurring in the Experimenter, as indicated by the color-coded ports are:

Blue:

Green:
Red:

Purple

Light brown:
Dark brown:

Electrode data, raw or filtered, Cross-Channel data. These data types have the same
structure and the same compatibility with instruments, hence they use the same
data port color.

Auxiliary analog data from the additional analog inputs on the Interface Board.
Digital data, the 16 bit digital data stream from the Interface Board.

Trigger events.

Spike cutouts generated by the Spike Detector instrument, a fragment of data
around a detected spike.

Spike time stamps generated by the Spike Detector Instrument, just the time stamp
of a detected spike.

Sweep data, as generated by the Sweeps tool, a fragment of data around

a trigger event.

Averaged Sweeps, as generated by the Sweeps tool.

Gyroscope data, rotation versus time from wireless headstages.

Accelerometer data, acceleration in x y z direction from wireless headstages.

The types of files occurring in the Experimenter are:

e * mse: Experiment file, a configuration of instruments. Created manually by the user.

o *.msrd: Data file, generated by the Recorder, contains the raw data of all data streams.

e *.msrs: Settings file, generated by the Recorder, must also be present to open a data file in the Multi
Channel Analyzer.

o * html: Instrument settings, one *.html file is generated by the Recorder with each data file.
Each *.html is linked to the *.xml files of the individual instruments.

o * xml: One *.xml per instrument is generated for each recording. It contains all settings of the
respective instrument.

e * stsd: Stimulation patterns in the MEA/ME2100 Stimulator instrument can be saved as *.stsd. Earlier
Experimenter versions used *.xml.

e * nsf: Stimulation paradigm of the W2100 electrical stimulator.

e * osf: Stimulation paradigm of the W2100 optical stimulator.

e *Imp: A sequence of stimulation electrode patterns in Stimulator List mode, see 5.9.3.9.

All files generated during a recording have the same name, in case of the *.xml files with an extension
representing the instrument name ([file name][instrument name].xml).
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The main menu bar contains the major control functions for starting and stopping the Data Acquisition, the

Data Recording and the Stimulator, as well as the Save or Load options for Experiment files. Furthermore,
there is a button to open the general settings.

Multi Channel Experimenter (Instance: 1) -

- O
I | P startDAQ | |. Recording Off | |> Start Stimulator lli Load Experiment | |i Save Expemmeml |i Save Experiment As... I open Set‘[ings
Experiment Setup *

Start Data Acquisition
Clear Experiment Diagram

St.a'.-t.l StOp Data. Save / Load Experiment files, Settings for ME2100 / MEA2100-Mini
Acquisition, Recording

; : not datal Help..
_ and Stimulation About

Check for Updates

The Start / Stop controls can be undocked from the main Menu and be dragged anywhere. They will always
stay on top of all other windows.

Settings

Multi Channel Experimenter (Instance: 1) -

|i Load Experiment

| ¥ Save Experiment

| ¥ Save Experiment As..

Experiment Setup

Data Sources HENLESS DAQ| |. Recording Off | |) Start Stimulator

Float/Dock

The Start / Stop DAQ button controls the data acquisition, but does not yet start recording data. The Recorder

can be in three conditions, Off, On (actually recording data) or Standby (armed and waiting for start condition).
Standby can happen if the Recording is activated, but the DAQ is still off, or if the Recording is set to start on a
Trigger event, and the software is waiting for the trigger.

'.' Recording Off . Recarding On Standby

The lower menu bar contains information about the ongoing recording, available disc space and status LEDs for
Trigger events and the internal stimulators, provided that the respective instruments are in use. In the
example below, two Digital Event Detectors and all three Stimulator units were used.

Events: @ @ Stimulator @ @ © 250.75GB  Recording Time: 00:00:06 DAQ Time: 00:00:06
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4.5 Settings

The settings include the Start option again, Clear all instruments, the Info page on the software version (About)
and the file path settings. The Help will open the latest version of the manual directly from the MCS web site.
This is of course only available if the data acquisition computer is online. About will show the currently
software version.

About Multi Channel Experimenter Check For Updates B

Multi Channel 4‘
Experimenter i
s WV

Multi Channel Experimenter is up to date!

Program: Multi Channel Experimenter
Version: 2.14.0.19346

Architecture: 64 Bit (Amde4d)

oK Download | | Visit Website | Close

Itis recommended to use the Check for Updates function on a regular basis. Free upgrades of the Multi
Channel Suite are released on a regular basis.
4.5.1 Settings for File Directories and Visual Appearance

The Multi Channel Experimenter uses a default file path for all data, stimulation patterns and Experiment files,
which can be changed in this menu.

Options = =

MG St o=
OMCSHC Seoct =N

= I

Red Light

Furthermore, the visual appearance of the complete software can be set to Standard or Red Light mode. In
Red Light mode, all displays are optimized for minimal brightness and optimized contrast under low light
and/or red light conditions. This allows working with light sensitive tissue.
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For the ME2100 and the MEA2100-Mini Systems, two operation modes are available, Multi Instance and Single
Instance. In Single Instance Mode, all headstages connected to one SCU are operated from a single Instance of
the Experimenter. They start and stop simultaneously. In Multi Instance Mode, each headstage appears as
independent data source, and can be operated independently in a separate instance of the Experimenter.
More detailed explanations can be found in the description of the respective instruments. This operation mode
can be set here. Changing it requires a restart of the software.

Global Options = o [IEl

Start Data Acquisition ME2100 / MEAZ100-Mind O Mod
g g ! -Mini ti

Clear Experiment Diagram i it peration Mocs

) Multi Instance

Settings
Settings for ME2100 / MEAZ100-Mini

®) Single Instance Please restart the software to change the mode for ME2100

Help...

[ o | [ o |

Check for Updates

Analysis Instruments (Sweep Analyzer, PSTH, Spike Analyzer, Burst Analyzer) allow the continuous export of
analyzed parameters to ASCII files during recording. In the respective settings, the name for these ASCII files
can be selected. In addition to the given name in the settings, there will always be a prefix with date and time,
and a suffix with the respective instrument name, for example “2019-07-22T15-21-51[GivenName]_Burst
Analyzer.txt”.

Analyzer Options = B

Analyzer Filename: | McsAnalyzerRecording |

Ok Cancel

-17-



In most control windows, there are additional display or control functions which can be hidden or shown, as
need be. By default, if more than one control window is open, they are shown as tabs, and only one window is
visible at a time. This option is called “Dockable”.

Data Acquisition Floating

MEA2100 e Dockable

Tabbed
!E o 3 Data Acquisition: MEA2100

Auto Hide

Analog Channels
Hardware Info

Display options

-

0:0:0 0:0:2 0:0:4 0:0:6 0:0:8 0:0:10

Time (h:min:sec)

@ fdio Settings: .
Realtime Feedbackd  Windows can be
Data Acquisition oW - daen

e |

However, there is also the option to make individual control windows Floating. A floating window can be
individually resized and dragged anywhere, also out of the main Experimenter window and onto a second
monitor. All control windows can also be hidden, either with the Pin Icon, or from the drop down menu (Auto
Hide). Hidden windows go to a sidebar on the left side of the Experimenter window. To make them visible

again, hover the mouse over the sidebar. A part of the control window will pop up and you can click the pin
icon to unhide it.

| P start DAQ| |. Recording

Sample fate:

(1) 42picaay | uomsinby eleg

Click to E
unhide
E

H

MEA Confi
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In all control windows, all channels of the data acquisition are shown, and one channel can be selected to be
shown in the Zoom Display below. Both displays can be controlled independently (pause/resume, scaling). All
Displays share similar scaling and zoom functions. Under each display the x- and y-axis scaling can be changed.
Data displays can be paused and resumed while the data acquisition is running, without interfering with the
actual data recording.

Data Acquisition

() Data Display | Digital Out Bit Selection | Digital Out Generator

(). Analog Channels

0014 00:16 0017

In a paused display, it’s possible to zoom in by dragging a frame around the region of interest. A double click
will reset the zoom to fit the signal. The return button will return to the scaling currently selected in the drop
down menu. After two successive zoom steps, the UN button will become active, and allow to go back one
zoom step.

The Apply to Overview button will transfer the currently selected scaling for the zoom display to the overview
display. To indicate this, the scaling display of the overview will become yellow. The reset arrow will switch the
overview back to the selected scaling. For most displays, this will apply only to the y-axis. In some cases, like in
the Sweeps Tool, both axes are affected.

-19-



For all devices with physical analog inputs, a display for those Analog Channels can be toggled. Only analog
channels activated in the data source will be shown and can be given random labels. The Calculate button will
determine the current offset of each channel and compensate it. Active Offset Correction is shown by a green
LED. Reset will deactivate the Offset Correction.

Analog Channels

Mo Enabled Name

] @ Analeg Channels

<

Microphone

Temperature

2

<

Temperature

O oOooogoao

[}
=
o
=)
=
A
LR
I+
-
=
3
<

Calculate

E Offset Correction:

| Reset

Analysis Instruments (Sweep Analyzer, PSTH, Spike Analyzer, Burst Analyzer) allow the continuous export of
analyzed parameters to ASCII files during recording. The file name will consist of a given file name, with date
and time as prefix, and the instrument of origin as suffix, see chapter 4.5.3. If enabled in the respective analysis
instrument, parameters generated during data acquisition are stored in the same directory as the data, as
selected in the Settings (see 4.5.1). This will work while recording, but also if only acquiring data without
recording.

All parameters generated by a specific instrument are exported. They need to be written into the file as they
appear. For example, network burst parameters occur mixed within the other burst parameters, marked with
an N instead an electrode label.

A | B | C D | E
1 [MultiChannel Experimenter Burst Anakvzer ASCI Export
2
3 |[Channel t Liuration Count Ereguency
434 |ES 28,089 2810 192 50,131
437 |E4 55,089 3310 192 50,131
438 [E3 Cg 4845 C414 5 285 42 758
439 [E2 55,089 3310 192 50,131
A40 |EA 58,085 3810 192 50,131
4.4 CT G0 A0 (= T B oo
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In the following chapters, all instruments of the Multi Channel Experimenter are described individually.
Instruments operate as independent units. They process the data from the respective input port and generate
one or more data streams in the output port(s). Settings have to be done separately for each instrument in the
respective control tab. Instruments without a connection to the respective input ports are not functional. Data
generated by an instrument is only recorded if the output port is connected to the recorder.

All data sources can be added only once to the Experiment. They have only data output ports and no data
inputs. All data source instruments show unfiltered raw data for all available channels. The control window of
each data source contains the same main control functions:

Sample Rate:

Analog Channels

Hardware Info

Only the available sampling rates for the respective device and recording mode turn up in the Sampling Rate
drop down menu. The additional eight Analog Input channels on the Interface Board (green data port) can be
individually toggled in a pop up menu. Analog Channel inputs can be given random names. All relevant
information about the connected hardware is also available.

Analog Channels Hardwarenfo - = HES

Device Name: MEA2100-256

No  Enabled Name
Serial Number: 80113-A

Voltage Range Electrodes: -230,0 mV to +230,0 mV

[«

2 Temperature
LV/Digit Electrodes: 0027418
LR Voltage Range Analog:  -2500.0 - 25000 mV/
V/Digit Anzlog: 0298023 Filter Information = =
+ O
Firmware Versions
5 O Index  Type Filter Filter Band Corner Freq. Order Active
0 Hardware RC Lowpass 10600 2 True
O Uss 033 0 Software  Bessel Highpass 2 True
5 0 - Mcu1 N/A 0 Software  Bessel Lowpass 3500 4 True
! ! Altera 020
FPGA2 034
Sootstrap 117
Close

The Filter Info button is available for all devices using an IFB. It will bring up a menu showing the currently
active filters of the device. The 10 kHz low pass filter is fixed in the hardware, and always active. The filters
labeled under Software are implemented in the firmware, and may be changed at any given time, using the
MCS Filter Config software for all MEA2100 and ME2100 devices, or W2100-System Config for the W2100
wirelsess system.
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1 MEA2100 1 A ——1 MEA2100 1 A MEA2100-256 1

The MEA2100-System is supported in all available headstage variations. One MEA is always operated
independently by one instance of the software, also in case of the MEA2100-2x60 headstage. The icon indicates
which headstage and MEA it represents. 1 or 2 indicate the headstage connected to port 1 or 2 of the Interface
Board, A and B indicate the left or right MEA on a 2x60 headstage. The type of connected headstage (1x32,
2x32, 1x60, 2x60, 1x120 or 1x256) is detected automatically. Once the MEA2100-System is added to the
instrument configuration, the MEA2100 Stimulator will also become available as instrument. Please also see
movie for illustration.

The MEA2100-System has four output ports: Electrode Raw Data (blue), Analog Data (green) Digital Data (red)
and Triggers (pink). As with all data sources, there are no input ports. The MEA2100-System can be connected
directly with any number of other instruments with blue, red or pink input ports. The green port can only be
connected to the Recorder at the moment. There are no export options.

MEA2100 MEA2100-256

The MEA2100 data source control window shows all available data channels, and optionally also the additional
Analog Input channels from the Interface Board. If a standard MEA is used, the respective layout can be
selected from a drop down list, to match the display to the actual electrode configuration.

Individual channels can be toggled by clicking on them. Deactivated channels will neither be displayed nor
recorded. [shift] click or [crtl] click on any electrode will toggle the whole row or column. Hover the mouse
pointer over an electrode channel for a few seconds to bring up the hardware channel ID for that electrode.

eggggig@ 000000
$-0-0-0-0-9- [shift] click to

SR Z QT S E T select a whole row
00000 - ee

00000 00 G@@@@@@@
83332 5 GHIHE
@@@@;@ 000000

[crtl] click to select
a whole column

-22-


http://www.multichannelsystems.com/media_colorbox/2354/default/en

Data Acquisition {Conﬁgure Real Time Feedback

cedback Dota Display | Digital Out Bit Selection | Digital Out Generator

MEA2100

000060060
00000 -0
00000, 0
0000
(©) Audio Settings:

Toggle 2200 WV E| El lz‘ @‘— Create custom layout (for Datasource only!)

individual () Zoom Display
channels

Toggle Audio
Settings

o] o]

The required MEA layout, which will define the display layout for the MEA2100-System data source and all
other instruments, can be selected from a drop down list. Based on the automatically detected headstage type,
only compatible layouts will show up in the list. If a 60-6wellMEA is selected, channels of only one well are
displayed at a time, other wells can be selected by mouse click. This does not affect the recording in any way.

For the 60-6wellMEA200/30iR-Ti, two different layout options are available. The 60-6wellMEA200/30iR layout
shows only one well at a time. You can switch between the wells by clicking at them. Settings for all connected
instruments (Filters, Stimulator, Cross Channel Tool...) can be set independently for each well. Settings will be
shown for the well currently selected in the data source. An Apply to all wells allows to make uniform settings.

f Filter
Filter
Type: High Pass =

Order: 5 E MEA Layout:

O;£>
Cutoff [Hzl: 200 E 6-Well 5

Og® ——— 000000000
000000000

: . 00000000
000 000 000000000
000 ggg 000000000
000 000000000

Alternatively, the 6-Well-S layout shows all electrodes of the 6-Well MEA with the correct electrode label and
grouped by wells, but they are all treated as one unit. All settings and stimulation patterns are global for all
channels.

Filter:

MEA Layout: 60-6wellMEA200/30iR =

6-Well 5 =

For the MEA2100-256-System, two multiwell MEAs are available, the 256-6wellMEA200/30iR-ITO and the 256-
9wellMEA300/30iR-ITO. In both cases, depending on the MEA2100-256 contact unit in use, a true multiwell
layout or the single well variant is available.
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To generate a custom layout for the display, click the Settings icon under the main display. The following menu
will allow to generate any desired electrode grid, and then assign channels to any grid position.

Display Layout Customization n

Electrode Layout Display Layout Define electrode grid

0000000000 | I« [
9800000000 .. .,

0000006000
@@@@@@@@@Wgsag and drop to define
@@@@@@@@@@ = electrode-position

e Jeso Loss s eso Lose e Y esc Toso ol

Name: E19

Copy Electrode Layout | Clear Display Layout |

Group: 0
Load Available Display Layout:

Load and save

Layout_Custom v |
custom layout |

Save Display Layout As ...

The label of the electrodes is defined by the layout selected from the drop down list. To get the linear
hardware channel IDs, select Linear60 as MEA layout from the drop down list.

MEA Configuration

MEA Layout:

Linear60 =

Currently, the Custom Display Layout is only available for the data source.

To route individual electrode channels to the Stereo Audio Output on the Interface Board, open the Audio
Settings.

@ Audio Settings:
O Mono

®) Sterso

Left Channel Right Channel

2 | e -
Volume Volume

Sound can be either mono or stereo, each electrode channel can be assigned to the two audio channels.
Volume control is also independent. The Audio output will generate an audio signal from the raw data of the
selected channel(s) in real time.

The Real Time Feedback (RTF) option can detect spikes and generate a feedback stimulation with the internal
stimulator with a time delay of only about 1 ms. In addition to starting the internal STG, an outgoing TTL can be
generated to control an external device by the RTF. The events generated by the RTF are available as triggers
on the pink port of the MEA2100 data acquisition. Feedback controls are located on an extra tab in the
MEA2100 Data Source. Real Time Feedback is always only available for the first instance of the Experimenter.
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=
MEAZ2100

To achieve this fast feedback, the data is processed on a digital signal processor (DSP) inside the Interface
Board before being send to the PC via USB. The DSP can also filter the data before signal detection, therefore

the user has the option to send filtered or unfiltered data to the PC. A warning is displayed, if filtering is
applied, but raw data is recorded.

Data Acquisition

@ Data Acquisition | Feedback

| Realtime Feedback On/Off |

Filter Settings

Highpass Filter Cutoff Freuquency |10 v| Hz

[[] Lowpass Filter Cutoff Freuguency 1000 v| Hz

Filter Order

I

Data Acquisition

Warning: Data RECCRDED and
DISPLAYED in Multi Channel
Experimenter is different from the
data processed by the real time
feedback processor on the device!

() Filtered Data

®) Raw Data

After filtering, signals are detected based on a detection threshold. The detection threshold can be either
positive or negative. Once the RTF is activated, the detection thresholds show up as red lines in the data
display. In Manual Threshold mode, the threshold for each electrode can be selected manually by typingin a
value, or by dragging the red line in the zoom display.

Detection

Threshold ﬂ

| Thresheld
Manual Threshold

(® Falling Edge 49 v

Automatic Threshold Estimation

Rising Edge 50 Std. Dev.

s
2.
i
;;,

Falling Edge -5,0 @ Std. Dev.

Estimate 0:0204 0:0:2045 00205 002055

Time (hzmin:sec)

Alternatively, in Threshold mode the threshold can be calculated individually for each channel based on the
standard deviation of the noise on each channel times a user defined factor. Clicking on Estimate will

recalculate the standard deviation. Factors between 4 and 6 usually work best, depending on noise and signal
size.

Once the data is filtered and events are detected, a user defined feedback logic on the DSP determines
whether a RTF event is generated. The RTF events can be used as internal Trigger events from the pink port of

the MEA2100 Data Source, to generate external TTL pulses via the Digital Out (see 5.2.4.1), or to control the
internal Stimulator (see 5.9.3.5).

The feedback mechanism operates with logical states. The logical state of an electrode, or a combination of
electrodes, can be TRUE or FALSE regarding the condition defined by the user. If necessary, the logical states of
more than one electrode are combined (see AND and OR function below). An event is generated if the logical
states, or the combination of logical states, fulfil the user defined condition.
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Feedback Logic

Time Window Event Duration
‘IOU@ ms 5@ ms
60MEA100/10

00
00

Spike Count
@® Overall Rate'® AND
(O Single Rates | OR

First, select one or more channels from the electrode field which should be monitored for signals. Select a
Time Window in milliseconds from the numeric updown box. The time window defines the time in which the
rates of signals should be counted. For performance reasons, the window is limited to 1000 ms. The time
window is not a fixed time bin, but a moving window. For example, if the window is set to 1 s, and a rate of 10
Hz is set as condition, the condition is fulfilled as soon as 10 events within a second are detected. Therefore, it
may not happen that these ten events fall by chance in two separate time bins and are not counted as 10 Hz.

Important: For the purpose of this feature, a Rate is defined as the number of events in the selected time
window.

Select the Event Duration in milliseconds from the numeric updown box. The Event Duration is the time after a
crossing of the detection threshold that the detection condition is considered as fulfilled. This duration
influences the length of the resulting feedback TTL, if the RTF is used to control the Digital Out, and is
especially important when the input from several electrodes is combined with the AND and OR function (see
below). That means, for the Feedback Logic, the logical state of a channel becomes TRUE from the detection
point of an event till the end of the event duration. Please see the image below.

logical state
TRUE

[ ) ——

e e

detection points

detection
threshold

If only one channel is used as input, the duration of the resulting digital TTL pulse is as long as the logical state
is TRUE. If more than one electrode and “Single Rates” is selected, it is necessary to combine the logical states
of the different electrodes with the functions AND or OR. If AND is selected, a feedback is generated only if all
electrodes have the logical state TRUE at the same time.

If OR is selected, a TTL is generated if any of the electrodes has the logical state TRUE. The length of the TTL is
determined by the overlap (AND) or addition (OR) of the TRUE states of the individual electrodes.

Please see the following example:
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TRUE
Channel 1
Logical State of FALSE
Data Channel TRUE
Channel 2
FALSE
I—I HIGH 1
AND
Resulting TTL Lowo
on Output Bit i
OR | | | | | |
LOWO

When selecting Overall Rate or one channel only, the logic option “And” or “Or” is not applicable.

In case of Rate detection, the logical state becomes TRUE from the detection point of the last event that is
needed to fulfil the rate condition till the end of the event duration. If the rate of detected events stays above
the rate threshold, the logical state will remain TRUE as long as the rate condition is fulfilled. In the example
below, a window of 200 ms and a rate of five events per window is set as condition. The logical state becomes
TRUE upon detection of the fifth spike within 200 ms and stays TRUE because the event rate remains above
threshold.

TRUE

logical state

FALSE

moving time window, 200ms

detection
threshold

IR

detection points

As shown above the status of the TTL output bit will remain HIGH as long as the logical state, or the
combination of logical states of all selected electrode channels, fulfils the condition defined by the user,
including the AND / OR function.

In the example shown below, data is high pass filtered at 10 Hz at the DSP before signal detection, and the raw
data is send to the PC for recording. Four channels are monitored (22, 33, 23 and 33) for spikes, with s
detection threshold of 5.5 x SD of the noise. If the spike count is larger than 5 in a 100 ms moving window in all
of the four electrodes combined, the logical state becomes TRUE for 5 ms minimum, or as long as the condition
is fulfilled.
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| Realtime Feedback On/Off |

jlt=r Settinge
ﬁ Highpass Filter Cutoff Freuquency |10 v | Hz

[] Lowpass Filter Cutoff Freuguency

Filter Order Feedback Logic
Time Window Event Duration
Data Acquisition
) Filtered D Warning: Data RECORDED and ‘IOO@ ms 5 B ms
) Filtered Data  15p) AVED in Multi Channel
E imenter is different fi the
© Raw Data xperimenter is different from GOMEAT00/10

data processed by the real time
feedback processor on the device!

Detection . e@ N TN e
Threshold - - ee N ea (e (e

() Rising Edge

@ Falling Edge 56 WV

Automatic Threshold Estimation (D G

Rising Edge 5,0 Std. Dev.

Falling Edge 55 Std. Dev.
& Spike Count

AND
CR

Additional Examples:

The following examples further illustrate the possible combinations of the Feedback Logic. In example one,
single spikes are detected on two channels combined with the condition OR. Hence, the logical state of each
channel is TRUE from the detection of an event till the end of the event duration (shown in red). As the two
channels are combined with OR, a TTL is generated as long as any of the two channels, or both, have the
logical state TRUE.

In example two, the same channels are combined with the condition AND. This means, a TTL is generated only
if both channels have the logical state TRUE. This setting can be used to detect simultaneous events. By
adjusting the event duration, it is possible to define how close together two events have to be to trigger a
feedback stimulation.

Important: In extreme cases, if the overlap between the TRUE states of all selected channels is very short
(below 20 ps), the generated TTL might be too short to trigger another device.

Example 1: single spike detection, Example 2: single spike detection,
combination with OR combination with AND
— — event duration — -— event duration
I I I | | events I I I I I events
Channel 1 TRUE Channel 1 TRUE
logical state logical state
FALSE FALSE
-— — — event duration — — - event duration
| I events I | l events
Channel 2 TRUE Channel 2 TRUE
H logical state ’_l logical state
FALSE FALSE
HIGH HIGH

TTL Output TTL Output ﬂ
Low Low
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In example three, spike rates are detected with the condition eight spikes per time window. The two channels
are combined with the condition OR. The logical state of channel one becomes TRUE upon detection of the
eighth event in the time window until the last event that fulfils the condition, plus the event duration. In
channels two, the event rate is too low. As both channels are combined with OR, the TRUE state of channel one
is sufficient to trigger a TTL output.

In example four, the overall event rate of channel one and two is combined and the condition is again eight
events per time window. The addition of both channels results in longer and more TTL outputs. As the activity
of both channels is counted together anyway, the combination parameter AND / OR is not applicable.

Example 3: rate detection, 8 spikes/window, Example 4: rate detection, 8 spikes/window,
single rates, combination OR overall rate, combination not applicable
.................... —_— time window Cr s sttt s — time window
— event duration K event duration

[ (i Il events et 1118 I Il
(| I N | e

TRUE Channel 2 |

Channel 1
FALSE logical state TRUE
logical state
FALSE

— — — — —_— — event duration

(I | I I | events

Channel 2 TRUE

logical state
FALSE

HIGH HIGH

TTL Output TTL Output
Low Low

The MEA2100-, ME2100- and W2100-Systems feature an Interface Board with a 16 bit digital output channel
(DigOut). The DigOut channel can generate TTL pulses to control or synchronize external devices. The function
of the DigOut channel can be controlled in the Data Source instrument. It is possible that several data sources,
and hence several instances of the software, share one Interface Board (see chapter 4.1.4). This means all data
sources/software instances have to share the 16 available DigOut bits. Therefore, one tab in the MEA2100
data source is available to assign the available output bits to the different data sources, and to the available
instruments which might use the DigOut.

Data Acquisition

MEA2100 Display | Digital Out Bit Selection | Digital Out Generator
nalog Channels

()| Anaiog cherrels B

o — ---
Analog Channels
pp B2 |

[
S0 ] Data Acquisition: MEA2100

The Digital Out Bit Selection tab allows to assign each bit of the Digital Out channel to a certain data source and
function. In case of multiple software instances, only the first instance in which the Data Source instrument is
activated allows to edit the bit assignment. All other instances show the assignment, but only follow passively
the settings made in the first instance.

The Digital Out Bit Selection tab is available in two layouts, IFB Outputs and DI/O Box. For most applications,
four Digital Out bits are enough, so four bits Digital Out 1 to 4, are available as Lemo connectors directly on the
Interface Board. If you have this configuration, select IFB outputs, and you will see only the four available
outputs.

Display | Digital Out Bit Selection | Digital Out Generator
(® IFB Outputs ) DI/O Box
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Some applications need all 16 bits. In such cases, a DI/O extension box must be connected to the IFB, which
makes all bits available with BNC connectors. If you have such an extension, select DI/O Box to see all available
bits. Be aware that the 16 bits on the DI/O are not in addition to the four IFB inputs, Digital In 1 - 4 on the IFB
are identical to bit 0 - 3 on the DI/O box.

Display | Digital Out Bit Selection | Digital Out Generator

® IF8 Outputs ) DI/O Box

( Bit Control

Digital Cut 1: HS/MEA Instrument

Digital Qut 2: HS/MEA ASSIgn each Instrument
dlgltal OUtpUt to
Digital Out 3: HS/MEA one data source Instrument

Digital Qut 4: HS/MEA |28 ilx Instrument

14

1B m Download changes
- to take effect

24

2]

All changes must be downloaded to take effect. The label of a data source is shown on the respective icon.

After assigning the bits to the different data sources, select the instruments/functions which should use the
respective bit. In a MEA2100-System, three options are available, the Digital Out Generator, the Stimulators
and Real Time Feedback. Each bit can be assigned independently to a different function.

Just like the bit assignment to the different data sources, the functions can only be edited in the first instance.

Display | Digital Out Bit Selection | Digital Out Generator

® IFB Outputs ) DI/O Box

( Bit Control

Digital Cut 1: HS/MEA E Instrument  [Nane
None

Digital Qut 2 HS/MEA Instrument Digital Out Generator
Stimulator 1

Digital Qut 3: HS/MEA E Instrument | gyimylator 2
Stimulator 3

Digital Out 4: HS/MEA Instrument | RT Feedback

The Stimulator 1 - 3 option assigns the respective bit to one of the three internal stimulation units. If the
Marker option is used (see 5.9.3.8), each Marker can generate a TTL on the Digital Out bit selected here. The
Real Time Feedback (see 5.2.3.4) can also be used to control the internal stimulators, but also to generate an
external TTL pulse on the assigned bit(s).

Finally, the Digital Out Generator can be used to program a selected bit to generate any random pattern of TTL
pulses. Again, all changes must be downloaded to take effect.
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The Digital Out Generator allows to program each bit of the digital out channel to generate a random pattern

of TTL pulses. The Digital Out Generator tab is only active if at least one digital bit has been assigned to the
generator. Only the assigned bits will appear in the tab.

Each bit can be programmed with a random pattern of TTLs. Each bit assigned to the Digital Out Generator has
its own programming interface and WYSWYG display to show the programmed pattern.

Display | Digital Out Bit Selection | Digital Out Generator

Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit

Row Repeat | Group Repeat
D 0 500| ms 1 100 ms 0 100| ms
- -

200| ms 0 100 ms 1 300| ms 3
0 100| ms ms ms
Digital Qut 3: Value | Duration | Unit | Value

Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat

E 0 200| ms 1 500| ps ms 20
o0

ms ms ms

Time (h:min:sec)

{— Download changes to take effect

The pattern for each bit can be programmed step by step, with value and duration for each step. Value can
only be 1 (HIGH) or 0 (LOW).

Duration can be any time, in multiples of 20 us, which is the time resolution of the Digital Out Generator. The

time unit can be changed to us, ms, s or min. Double click on any time unit field and select the desired unit
from the drop down menu.

Duration | Unit |
500 fm ~
200| ws
100 | M=

s

Duration | mif

The Row Repeat allows repeating the contents of a specific row. If the pattern which should be repeated is
longer than one row, it is possible to combine rows to groups, and use the Group Repeat function instead.

Data Display | Digital Qut Bit Selection | Digital Out Generator

Digital Qut 2:

Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit

Row Repeat | Group Repeat
1] 9 ms 1 1| ms ms 50
Stop 0
o

0 500 ms ms s ﬁ

0:0:05

Time (h:min:sec)

Download changes to take effect
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Display | Digital Out Bit Selection | Digital Out Generator

Digital Qut 1: B |Va|ue ‘ Duration | Unit |Va|ue | Duration | Unit ‘Value | Duration ‘ Unit ‘ Row Repeat | Group Repeat
I:| 0 500| ms 1 100| ms 0| 100| ms
- 1] 200 ms o 100| ms 1| 300 ms 3
G U‘ 'IOUl ms | | ms ‘ | ‘ ms ‘
roup

\\|1|||\2|||3|\\|4|||\||||\\||||\||||\||||\\||||\||||\\

0:0:0 0:0:0,5 U1 U:0:1,5 0:0:2 0:0:2,5 0:0:3 0:0:3,5 0:0:4 0:0:5

Time (h:min:sec)

55 ¥

To define a group, hold the SHIFT and CTRL key, and click the cells you want to add one by one. You can also
remove cells from a group by SHIFT/CTRL click.

Row Repeat | Group Repeat

»

The Digital Out Generator can be started on different conditions. Stop is always manual. In Manual mode, Start
and Stop are on manual command. Alternatively, the Generator can be started with the Start of the data
acquisition (Dacq), or on an incoming TTL on any of the Digital In bits. Finally, The Real Time Feedback (see
5.2.3.4) can also be used to start the Digital Out Generator.

Continuous repeat

[
| Start | | Stop
o2
Manual ~ |
Manual

Digital
Digital In 2
RN Cigital In 3
Y Digital In 4
Digital In 5
Digital In 6
| Digital In 7
Digital In 8
Digital In 9
Digital In 10
Digital In 11
Digital In 12
Digital In 13
Digital In 14
Digital In 15
Digital In 16
Realtime Feedback |

By default, the programmed pattern for each bit will be generated once after each Start command. If the
Continuous repeat (o) tick box is active, the pattern will be repeated indefinitely till the data acquisition is
stopped, or till a manual Stop command.

The settings and paradigm programmed in the Digital Event Generator are also stored in the Experiment file
(see 4.1.2).

-32-



This section highlights a few common uses of the MEA2100-System Data Source and the Digital Out Generator.

Mult Chanael Experimenter (Instance: 1) -
1

4 L0ad Expenment | 1 # Sove bxpenment ‘ ¥ Save Expenment As

ox

Recorder (1)

o Recorder
Recocder
ta Fle

| Events: Recording Time: DAQ Time:

In the experiment above, the blue electrode data port and the green analog data port are connected directly to
the Recorder. Therefore, both data streams are recorded continuously. Analog channels 1 and 2 are activated,
and a 60HDMEA layout is selected for the MEA data with 25 kHz sampling rate applied to both. Analog data can
come for example from a Patch Clamp amplifier or a temperature sensor. The red digital data port is connected
to a Digital Event Detector instrument (please see chapter 5.17, Digital Event Detector), which will generate
Trigger events based on TTL inputs to the Digital In connectors on the Interface Board. The trigger events will
also be recorded, as the pink trigger output port is connected to the Recorder. The digital channel itself will not
be recorded, as it is not connected directly to the Recorder.
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Multi Channel Experimenter (Instance: 1) - [ -8

[E—

Ampltude (%]

o;'ﬂﬁm‘ —_ Aegltude ) [1500 =] e =
u
P L P e ) o | |
= P
s | con [ E [
g »0 l=_=
- (=] o=l Y o
= x Durssien ] [0 = [¢ = =
Rising Edge oM u o e - el @
. FEE Festback - -
® Falling Edge — Stimulation
‘ peeocees e - J ;
[ Raw data, RTF and utamatie Thresheld Estmation R v g parametsrs
Stimulation events Rising Eage st pee 2; R l‘;, :um
are recorded Faling tdge | 5,008 std Dev * =

Estimate Stimulation
electrodes
RTF as Start/Stop

condition for
stimulaton

The Real Time Feedback function can for example detect coincidence of spikes on two or more electrodes. In
the given example, electrodes 22 and 42 are monitored. Data is filtered at 200 Hz high pass to improve spike
detection. Even though the RTF works on the filtered data, unfiltered raw data is sent to the computer for
recording. Every time spikes occur simultaneously on both electrodes within a time window of 10 ms, the
feedback condition is fulfilled. The stimulator instrument is programmed to start on the Feedback, and to
deliver a short 100 Hz burst of stimuli to a cluster of four electrodes in the lower right quadrant of the MEA. If
the feedback condition is fulfilled again while the Stimulator is still running, this will be ignored. Please see
chapter 5.9. Stimulators, MEA2100 Stimulator for details on programming of the Stimulator. Unfiltered raw
data and events generated by the RTF and stimulation are recorded.

In valve controlled perfusion systems, like the VC-8 from Warner Instruments, the valves can often be
controlled by external TTL pulses. Usually, a LOW state on the TTL input of each valve means valve closed, while
a HIGH state means valve open. Assuming that a DI/O box is connected to the MEA2100 Interface Board, and
bits 0 - 7 are connected to the valves 1 - 8, the following setup of the Digital Out Generator would result in
valve 1 being open for 15 min (baseline with medium/ACSF), then valves 2 - 8 for five minutes each, and then
valve 1 again for 15 min for washout.

First, assign eight bits to the data acquisition you want to use, and select Digital Out Generator as Instrument
for all of them. Download the settings.

-34-


https://www.warneronline.com/product_info.cfm?name=Eight%20Channel%20Perfusion%20Valve%20Control%20System%20(VC-8)&id=960

[oisplay | Digital Qut Bit Selection | D

al Out Generator

) IFB Outputs DI/O Box

¢ Bit Control
Bit O: HS/MEA Instrument
Bit 1: HS/MEA Instrument
Bit 2: HS/MEA Instrument
Bit 3: HS/MEA Instrument
Bit 4 HS/MEA Instrument
Bit 5: HS/MEA Instrument
Bit & HS/MEA Instrument
Bit 7: HS/MEA Instrument

All Digital Out bits are started simultaneously with the start of the DAQ.

Display | Digital Out Bit Selection | Digital Qut Generator

Digital Out Bit : Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat
1 15| min 0 35| min 1 15| min
ms ms ms

Digital Out Bit 1:

Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat

15| min 1 5| min 0 45| min

ms ms ms

Digital Out Bit 2: Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat
0 20( min 1 5| min 0 40| min
ms ms ms

Digital Qut Bit 3: Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat

1 5| min 0 35| min

ms ms

Digital Out Bit 4: Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat
0 30| min 1 5| min 0 30| min
ms ms ms

Digital Out Bit 5 Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat

35 min 1 5| min 0 25| min

ms ms ms

Digital Qut Bit & Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat
0 40| min 1 5| min 0 20| min
ms ms ms

Digital Out Bit 7:

Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat

45| min 1 5| min 0 15 min

ms ms ms

Time (h:min:sec)
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El MEA2100-Mini 1

The MEA2100-Mini-System is supported in all available headstage variations. One SCU (Signal Collector Unit)
with all attached headstages is always operated independently by one instance of the software. The icon
indicates which SCU it represents. 1 and 2 indicate the SCU connected to port 1 or 2 of the Interface Board.
Once the MEA2100-Mini-System is added to the instrument configuration, the MEA2100-Mini Stimulator and
the SCU Stimulator will also become available as instruments.

The MEA2100-Mini-System has four output ports: Electrode Raw Data (blue), Analog Data (green) Digital Data
(red) and Feedback Events (pink). As with all data sources, there are no input ports. The MEA2100-Mini-System
can be connected directly with any number of other instruments with blue or red input ports. The green port
can only be connected to the Recorder at the moment. There are no export options.

!

MEA2100-Mini

The MEA2100-Mini System can operate up to four headstages on one SCU. These headstages can all be
controlled from within a single instance of the Experimenter (Single Instance Mode). Alternatively, each
headstage can be treated as an individual device, and can be operated independently by its own instance of the
Experimenter. This can be decided by the user in the Settings, see chapter 4.5 for details. The default is Single
Instance Mode.

The MEA2100-Mini data source control window shows all available data channels for all connected
headstages, and optionally also the additional Analog Input channels from the Interface Board. One headstage
is visible at a time. All headstages are shown with their serial number. Click on the headstage to see the
respective data. This has no influence on recording, all active channels from all active headstages will be
recorded, independently from the display.
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Data Acquisition (1)

Dats Display | Overview Data Display | Digital Out Bit Selection | Digital Out Generator

MEA2100-60
SM00o7 ABCDEFGH
N/A
74

Headstage Layout: NMW\\k\l\ﬁl\ﬂ\\%\\h\k‘u\k‘ﬂk‘ﬂh

Availsble Channels: = =--

Voltage (mV)
b hom

i»\udm Settings:

Toggle Audio Toggle individual
Settings recording
channels

The MEA layout, settings for the MEA2100-Mini stimulator and other instruments connected to the data source
also depend on the currently selected headstage. All settings apply only to the selected headstage, which
makes individual changes per headstage possible, and allows the independent control of the stimulators in
each headstage. For example, a filter connected to the MEA2100-Mini data source can have different filter
settings for each headstage. To adjust them, select the respective headstage and the individual settings will
show in the filter tool. The same applies to the MEA2100-Mini stimulator. The stimulation paradigm can be
different for each headstage, changes only apply to the stimulator of the currently selected headstage.

Individual channels can be toggled by clicking on them. Deactivated channels will neither be displayed nor
recorded. [shift] click or [crtl] click on any electrode will toggle the whole row or column. Hover the mouse
pointer over an electrode channel for a few seconds to bring up the hardware channel ID for that electrode.

00000 0o -$+-4-44+-
= g [shift] click to {21

select a whole row
0@@@@ @@

00¢
00000 - 00 G@@@@@@@
00000 06 00000006
@@@@;@ 000000

[crtl] click to select
a whole column

As soon as more than one headstage is connected, the tab Overview Data Display will appear. On this display,
the data of all connected headstages can be seen in parallel. Channels are labeled with 1 - 4 for the headstage
and the channel number from the selected layout, respectively.
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Data Acquisition (1)

YR R Y ()| Anzlog Channels

Q MEAZ2100-Mini Data Displayl| Overview Data Display |[Digital Out Bit Selection | Digital Out Generator

To generate a custom layout for the display, click the Settings icon under the main display. The following menu
will allow to generate any desired electrode grid, and then assign channels to any grid position.

Display Layout Customization n

Electrode Layout Display Layout Define electrode grid

0000000000 - [ /3« [ [
sossesssss . .
@®@®®@@@@W§Sag and drop to define
@@@@@@@@@@ = electrode-position
226020800Q

Electrode Info

ID: 18

Name:  E19 Copy Electrode Layout

| Clear Display Layout |

Group: 0
Load Available Display Layout:

Load and save
custom layout

Layout_Custom - |

Save Display Layout As ..

The label of the electrodes is defined by the layout selected from the drop down list. To get the linear
hardware channel IDs, select Linear60 as MEA layout from the drop down list.

MEA Configuration

MEA Layout:

Currently, the Custom Display Layout is only available for the data source. In contrast to the electrode layouts
from the drop down list, a custom display layout is not adopted by the other instruments.

To route individual electrode channels to the Stereo Audio Output on the Interface Board, open the Audio
Settings.

@ Audio Settings:

) Mone

@ Stereo

Left Channel Right Channel

2 | o .
Volume Volume

Sound can be either mono or stereo, each electrode channel can be assigned to the two audio channels.
Volume control is also independent. The Audio output will generate an audio signal from the raw data of the
selected channel(s) in real time.
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The MCS-SCU has an Analog Out port, and it’s possible to adjust the Analog Output ADC and DAC Range. As
soon as the Analog Out is enabled, the signal input range of the MEA2100-Mini headstage can be converted to

different output ranges on the analog output, depending on the input range of the connected 3rd party data
acquisition:

@ Analog Cut

Enable
Analog Output DAC Range: AO DAC Range Conversion factor Gain setting
0 7 | +25V 0.043 23
5V 0.022 46
= £+10V 0.011 92
=10V I|

The signal on the AO output times the conversion factor, or divided by the Gain setting, is the actual signal
size.

The ADC range setting is necessary as the 24 bit resolution incoming digital data needs to be converted back to

an analog signal with only 16 bit resolution. For best results, select the smallest range which will cover your
expected maximum signal size.

-042 to +042 mV

-085 to +0.85 mV

-1,70 to +1,70 mV

-340 to +3.40 mV

-6,79 to +6,79 mV

-13,59to +13,59 mV

-27 17 to +2717 mV ‘
-53435t0 +3435 mV

-108,70 to +108,70 mV

-108,70 to +108,70 mV - |

The Real Time Feedback (RTF) option can detect spikes and generate a feedback stimulation with the internal
stimulator with a time delay of only about 1 ms. In addition to starting the internal STG, an outgoing TTL can be
generated to control an external device by the RTF. The events generated by the RTF are available as triggers
on the pink port of the MEA2100-Mini data acquisition. Feedback controls are located on an extra tab in the
MEA2100-Mini Data Source. Real Time Feedback is always only available for the first instance of the
Experimenter.

Data Acquisition (1)

@ Data Acquisition | Feedback

MEA2100-Mini
Q Data Acquisition: MEA2100-Mini

More details on Real Time Feedback are described in the Data Source: MEA2100 section in chapter 5.2.3.4.
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If Multiple Instance Mode is selected in the main Settings menu, each connected MEA2100-Mini headstage will
show up as individual Data Source device in the Experimenter and can be operated separate instances of the
Experimenter. Otherwise, the operation is identical to Single Instance Mode.

|;] MEA2100-Mini 1 D

1: 200000

|;] MEA2100-Mini 1 MD

Z A-00011

The Suspend Mode function is only available in Multiple Instance Mode and for the latest generation of SCUs.
It allows to set the MEA2100-Mini to record for a period of time (Acquire). After that, the system is
automatically powered down for the time set under Suspend.

GOMEAT00/10

000000
00000000
00000000
00000000
00000000
00000000
00000000

000000

Enable Suspend Mode
Acquire 5@ min
Suspend 55@ min

(%) Audio Settings:

oo

s
€]
o
£
=

W

0029

() Analog Out Time (h:min:sec)

This function allows to reduce the heat emission of the Mini headstage while placed in the incubator, as the
electronics are shut down during the Suspend period, and no extra heat is produced.

The MEA2100-, ME2100- and W2100-Systems feature an Interface Board with a 16 bit digital output channel
(DigOut). The DigOut channel can generate TTL pulses to control or synchronize external devices. The function
of the DigOut channel can be controlled in the Data Source instrument. It is possible that several data sources,
and hence several instances of the software, share one Interface Board (see chapter 4.1.4). This means all data
sources/software instances have to share the 16 available DigOut bits. Therefore, one tab in the ME2100 data
source is available to assign the available output bits to the different data sources, and to the available
instruments which might use the DigOut.

Data Acquisition (1)

Data Acquisition: MEA2100-Mini (+)] Analog Channels

Q MEA2100-Mini Data Display | Digital Out Bit Selection | Digital Out Generator
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The Digital Out Bit Selection tab allows to assign each bit of the Digital Out channel to a certain data source and
function. In case of multiple software instances, only the first instance in which the Data Source instrument is
activated allows to edit the bit assignment. All other instances show the assignment, but only follow passively
the settings made in the first instance.

The Digital Out Bit Selection tab is available in two layouts, IFB Outputs and DI/O Box. For most applications,
four Digital Out bits are enough, so four bits Digital Out 1 to 4, are available as Lemo connectors directly on the
Interface Board. If you have this configuration, select IFB outputs, and you will see only the four available
outputs.

Display | Digital Out Bit Selection | Digital Out Generator

® IFB Outputs ) DI/O Box

Some applications need all 16 bits. In such cases, a DI/O extension box must be connected to the IFB, which
makes all bits available with BNC connectors. If you have such an extension, select DI/O Box to see all available
bits. Be aware that the 16 bits on the DI/O are not in addition to the four IFB inputs, Digital In 1 - 4 on the IFB
are identical to bit 0 - 3 on the DI/O box.

Data Display | Overview Data Display | Digital Out Bit Selection | Digital Out Generator
®) IFB Qutputs () DI/O Box

rBit Control

Digital Cut 1: SCU . Instrument |Digital Out Generator

Digital Cut 2: sSCuU . Instrument |None

i~
1~
Digital Cut 3: sCcuU Instrument |None

Digital Gut 4: . SCU |2 = Instrument
Assign each 'K

Digital Out 1o SCU !
10r2 —b 4‘-— Download changes

All changes must be downloaded to take effect. The label of a data source is shown on the respective icon. 1
represents the first and 2 the second connected SCU.

|;] MEAZ2100-Mini 1 E] MEAZ2100-Mim 2

After assigning the bits to the different data sources, select the instruments/functions which should use the
respective bit. In a MEA2100-Mini-System, three options are available, the Digital Out Generator, the
headstage stimulators and the SCU stimulators. Each bit can be assigned independently to a different function.
Just like the bit assignment to the different data sources, the functions can only be edited in the first instance.

Data Display | Overview Data Display | Digital Out Bit Selection | Digital Out Generator
@) IFB Qutputs ) DI/O Box

(Bit Control

Digital Cut 1: scuU Instrument |Digital Out Generator  ~
o None
Digital Out 2: scu Instrument Digital Out Generator
H51 Stimulator 1
Digital Cut 3: SCU Instrument |51 Stimulato]®,
HS2 Stimulator 1
Digital Qut 4: scu Instrument | HS2 Stimulator 2
HS3 Stimulator 1 I

HS3 Stimulator 2
Download

HS54 Stimulator 1
H54 Stimulator 2
SCU Stimulator 1
SCU Stimulator 2
SCU Stimulator 3
SCU Stimulator 4
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The HS1 -4 Stimulator 1 or 2 option assigns the respective DigOut to one of the internal stimulation units of
each headstage. If the Marker option is used (see 5.9.3.8), each Marker can generate a TTL on the Digital Out
bit selected here. The SCU Stimulator 1 — 4 refers to the four-channel stimulator integrated into the SCU.

The Digital Out Generator can be used to program a selected bit to generate any random pattern of TTL pulses.
Again, all changes must be downloaded to take effect.

The Digital Out Generator allows to program each bit of the digital out channel to generate a random pattern
of TTL pulses. The Digital Out Generator tab is only active if at least one digital bit has been assigned to the
generator. Only the assigned bits will appear in the tab.

Each bit can be programmed with a random pattern of TTLs. Each bit assigned to the Digital Out Generator has
its own programming interface and WYSWYG display to show the programmed pattern.

Display | Digital Out Bit Selection | Digital Out Generator

Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat
| o | | Stop |D 0 500| ms 1 100 ms 0 100 ms
- 1 200| ms 1] 100| ms 1 300( ms 3
] 100| ms ms ms
Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat
0 200| ms 1 00| us ms 20

0:0:0 0:0:05

0:0:4,5 00:5
Time (h:min:sec)

[ oowicad | = Download changes to take effect

The pattern for each bit can be programmed step by step, with value and duration for each step. Value can
only be 1 (HIGH) or 0 (LOW).

Duration can be any time, in multiples of 20 pus, which is the time resolution of the Digital Out Generator. The
time unit can be changed to us, ms, s or min. Double click on any time unit field and select the desired unit

from the drop down menu.

Duration | Unit |’

500 m ~

200 ws

100 ms

Duration | mif®|’

=3

The Row Repeat allows repeating the contents of a specific row. If the pattern which should be repeated is
longer than one row, it is possible to combine rows to groups, and use the Group Repeat function instead.

-42-



Data Display | Digital Out Bit Selection | Digital Out Generator

Digital Qut 2:

Value

Duration

Unit

Value

Duration

Unit

Value | Duration

Unit

Row Repeat

Group Repeat

0

9

ms

1

ms

ms

30

0

500

ms

ms

ms

Display | Digital Qut Bit Selection | Digital Out Generator

Digital Out 1:

Time (h:min:sec)

Download changes to take effect

I |Va|ue | Duration | Unit |Va|ue | Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat
0f 500| ms 1| 100 ms 0 100| ms

| Start | | Stop [ 0
o«

Group

1] 200[ ms of 100 ms 1] 300[ ms 3

Ul ‘IODl ms | | ms | | | ms |

Time (h:min:sec)

To define a group, hold the SHIFT and CTRL key, and click the cells you want to add one by one. You can also

remove cells from a group by SHIFT/CTRL click.

Row Repeat

Group Repeat

S

P

The Digital Out Generator can be started on different conditions. Stop is always manual. In Manual mode, Start
and Stop are on manual command. Alternatively, the Generator can be started with the Start of the data

s

acquisition (Dacq), or on an incoming TTL on any of the Digital In bits.

Continuous repeat

| Start | | Stop

Digital
Digital In 2
Digital In 3
Digital In 4
Digital In 5
Digital In 6
| Digital In 7
Digital In &
Digital In 9
Digital In 10
Digital In 11
Digital In 12
Digital In 13
Digital In 14
Digital In 15
Digital In 16

0:0:0

Manual

o0

By default, the programmed pattern for each bit will be generated once after each
Start command. If the Continuous repeat («) tick box is active, the pattern will be
repeated indefinitely till the data acquisition is stopped, or till a manual Stop
command.

The settings and paradigm programmed in the Digital Event Generator are also
stored in the Experiment file (see 4.1.2).
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Q ME2100 65432-A

The ME2100-System is supported in all available headstage variations. One ME2100-SCU (Signal Collector Unit)
with all attached headstages is always operated independently by one instance of the software. The icon
indicates which headstage it represents. A and B indicate the SCU connected to port 1 or 2 of the Interface
Board. Once the ME2100-System is added to the instrument configuration, the ME2100 Stimulator and the SCU
Stimulator will also become available as instruments.

The ME2100-System has four output ports: Electrode Raw Data (blue), Analog Data (green) Digital Data (red)
and Feedback Events (pink). As with all data sources, there are no input ports. The ME2100-System can be
connected directly with any number of other instruments with blue or red input ports. The green port can only
be connected to the Recorder at the moment. There are no export options.

¥

ME2100

The MEA2100-Mini System can operate up to four headstages on one SCU. These headstages can all be
controlled from within a single instance of the Experimenter (Single Instance Mode). Alternatively, each
headstage can be treated as an individual device, and can be operated independently by its’ own instance of
the Experimenter. This can be decided by the user in the Settings, see chapter 4.5 for details. The default is
Single Instance Mode.

The ME2100 data source control window shows all available data channels for all connected headstages, and
optionally also the additional Analog Input channels from the Interface Board. One headstage is visible at a
time. All headstages are shown with their serial number. Click on the headstage to see the respective data. This
has no influence on recording, all active channels from all active headstages will be recorded, independently
from the display.
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Data Acquisi

@] ME2100 Data Display | Overview Data Displey | Digital Out Bit Selection | Digital Out Generator
Data Acquisition: ME2100 {—Toggle Analog Channels display

ME2100 System Setup

ME210032 ME2100 32
00015 00011-C

N/A

Headstage Layout:

£10my E El |E| |§| <@—— Create custom layout

(~) Zoom Display.

Select channel for external reference electrode

) Off
3 Toggle reference
1e<- 99

24

electrode
o o011 00111 00113 o014 00116 o017 o018 00119

Voltage (mV)

() Audio Settings:

Settings for the ME2100 stimulator and other instruments connected to the ME2100 data source also depend
on the currently selected headstage. All settings apply only to the selected headstage, which makes individual
changes per headstage possible, and allows the independent control of the stimulators in each headstage. For
example, a filter connected to the ME2100 data source can have different filter settings for each headstage. To
adjust them, select the respective headstage and the individual settings will show in the filter tool. The same
applies to the ME2100 stimulator. The stimulation paradigm can be different for each headstage, changes only
apply to the stimulator of the currently selected headstage.

Individual channels can be toggled by clicking on them. Deactivated channels will neither be displayed nor
recorded. [shift] click or [crtl] click on any electrode will toggle the whole row or column. Hover the mouse
pointer over an electrode channel for a few seconds to bring up the hardware channel ID for that electrode.

00000

S = hift] click 00000

oD @teI[:ctl a]\.:r:gleur:ow 000 -l
00 & 000¢
.@-© 0000
3 3 2222
0. 0000

¢ @ 0000
4 - Y-2-2-)

[crtl] click to select
a whole column

By default, all channels are shown in linear layout. To adjust the display layout to the electrode layout, it is
possible to create a custom layout.

As soon as more than one headstage is connected, the tab Overview Data Display will appear. On this display,
the data of all connected headstages can be seen in parallel. Channels are labeled with A - D for the headstage
and the linear channel number.
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Data Acquisition (1)

Overview Data Display | Qigital Out Bit Selection | Digital Qut Generator

MEZ2100 Data Displa
Q R -

The channel layout of some commonly used electrodes is available from a drop-down list. This electrode layout
will automatically also be used in all other instruments. If you need a layout implemented into the list, please
write to MCS support, and provide the datasheet of the electrode.

ME2100Linear32 s

ME2100Linear32

MNeuroMNexus32 4x8

NeurcMNexus16 2x16

To generate a custom layout for the display, click the Settings icon under the main display. The following menu
will allow to generate any desired electrode grid, and then assign channels to any grid position.

Display Layout Customization n

Electrode Layout Display Layout

gggg Rows: EE Columns: E Define electrode grid
AT a2 A2 A4

o000

gggg A25 226 p27 A28

o020 i~ % AT a8

@@@@ Al13 AZ21 | A4 A22 | A5 A31 A]ﬁbA A24 Drag and drop

oooC - = = 2| |channel to position

A9 AT A0 Al18 AN Al9 Al2 AZ0

Electrode Info

| Copy Electrode Layout | Clear Display Layout |

Load Available Display Layout:

[EmptyDiplaytayout -| Save/Load

custom layouts

Narne:

Group:

Currently, the Custom Display Layout is only available for the data source. In contrast to the electrode layouts
from the drop down list, a custom display layout is not adopted by the other instruments.

The ME2100 Headstages have a reference input, which can be connected to an external reference electrode.
By default, the reference input is not used. To use the reference, one recording channel must be sacrificed.
Recording channels 8, 16, 24 or 32 can be used to be replaced by the reference input. If activated, the
respective data display shows the data from the reference input instead the selected channel, but no
subtraction happens yet. This allows monitoring the signal on the reference input.
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@@@@ {(~) Zoom Display
ET J E15 @@
L

Select channel for external reference electrode

4_ Select one of

four possible
chan nBIS 0:0:11  0:0:17,1 0:0:11,2 0:0:11,3 00114 0:0:11,5 0:0:11,6 00117 0:0:11,8 0:0:119

Y
£
§
=
K

Time (h:minzsec)
I Subtraction On/Off

If the subtraction is activated, the Ref input signal gets subtracted from all other channels. This can be set
individually for each headstage and is indicated by a virtual LED on the lower main bar.

Select channel for external reference electrode

Subtraction On/Off

® Audio Settings:

Subtraction On/O: O @ @ @ Re

To route individual electrode channels to the Stereo Audio Output on the Interface Board, open the Audio
Settings.

@ Audio Settings:

O Mone
& Stereo
Left Channel Right Channel
2 | o .
Volume Volume

Sound can be either mono or stereo, each electrode channel can be assigned to the two audio channels.
Volume control is also independent. The Audio output will generate an audio signal from the raw data of the
selected channel(s) in real time.

The MCS-SCU has an Analog Out port, and it’s possible to adjust the Analog Output ADC and DAC Range. As
soon as the Analog Out is enabled, the signal input range of the ME2100 can be converted to different output
ranges on the analog output, depending on the input range of the connected 3rd party data acquisition:

@Analog Cut
Enable
Analog Output DAC Range: AO DAC Range Conversion factor Gain setting
o 5 ME2100-HS / pPA ME2100-HS / uPA
+2.5V 0.092/0.1 11/10
= £5V 0.046 / 0.05 22/20
L1V +10V 0.023/0.025 43 /40
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The signal on the AO output times the conversion factor, or divided by the Gain setting, is the actual signal
size.

The ADC range setting is necessary as the 24 bit resolution incoming digital data needs to be converted back to

an analog signal with only 16 bit resolution. For optimal results, select the smallest range which will cover your
expected maximum signal size.

-042 to +0,42 mV
-0,85 to +0,85 mV
-1,70 to +1,70 mV
-340to0 +3,40 mV
-6,79 to +5,79 m\/
-13509 to +13,59 mV
-2717 to +27,17 mV
-5435 to +54,35 mV
-108,70 to +108,70 mV

-108,70 to +108,70 mV =

==

The Real Time Feedback (RTF) option can detect spikes and generate a feedback stimulation with the internal
stimulator with a time delay of only about 1 ms. In addition to starting the internal STG, an outgoing TTL can be
generated to control an external device by the RTF. The events generated by the RTF are available as triggers
on the pink port of the ME2100 data acquisition. Feedback controls are located on an extra tab in the ME2100
Data Source. Real Time Feedback is always only available for the first instance of the Experimenter.

Data Acquisition (1)

@ Data Acquisitiol) | Feedback

ME2100
Q Data Acquisition: ME2100

More details on Real Time Feedback are described in the Data Source: MEA2100 section in chapter 5.2.3.4.
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If Multiple Instance Mode is selected in the main Settings menu, each connected ME2100 headstage will show
up as individual Data Source device in the Experimenter, and can be operated separate instances of the
Experimenter. Otherwise, the operation is identical to Single Instance Mode.

Data Sources

Q ME2100 1 80113-A
1: D-00025

Q ME2100 1 80113-A
2 D-D0024

The MEA2100-, ME2100- and W2100-Systems feature an Interface Board with a 16 bit digital output channel
(DigOut). The DigOut channel can generate TTL pulses to control or synchronize external devices. The function
of the DigOut channel can be controlled in the Data Source instrument. It is possible that several data sources,
and hence several instances of the software, share one Interface Board (see chapter 4.1.4). This means all data
sources/software instances have to share the 16 available DigOut bits. Therefore, one tab in the ME2100 data
source is available to assign the available output bits to the different data sources, and to the available
instruments which might use the DigOut.

Data Acquisition

MEZ2100 Display | Digital Out Bit Selec&ion Digital Out Generator
Q @ Analog Channels LS

Data Acquisition: ME2100

o — " ---
Analog Channels
g Bk |

The Digital Out Bit Selection tab allows to assign each bit of the Digital Out channel to a certain data source and
function. In case of multiple software instances, only the first instance in which the Data Source instrument is
activated allows to edit the bit assignment. All other instances show the assignment, but only follow passively
the settings made in the first instance.

The Digital Out Bit Selection tab is available in two layouts, IFB Outputs and DI/O Box. For most applications,
four Digital Out bits are enough, so four bits Digital Out 1 to 4, are available as Lemo connectors directly on the
Interface Board. If you have this configuration, select IFB outputs, and you will see only the four available
outputs.

Display | Digital Out Bit Selection | Digital Out Generator

(® IFB Outputs ) DI/O Box

Some applications need all 16 bits. In such cases, a DI/O extension box must be connected to the IFB, which
makes all bits available with BNC connectors. If you have such an extension, select DI/O Box to see all available
bits. Be aware that the 16 bits on the DI/O are not in addition to the four IFB inputs, Digital In 1 - 4 on the IFB
are identical to bit O - 3 on the DI/O box.
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Data Display | Overview Data Display | Digital Out Bit Selection | Digital Out Generator

® IFB Outputs ) DIfO Box

¢ Bit Control
Digital Cut 1: sCu Instrument | Digital Qut Generator v|
Digital Out 2: scu Instrument |None v|
Digital Out 3: scu Instrument |None v|
Digital Cut 4: R SCU |2 = Instrument |None v|
Assign each

=
D'g'ta'1°cl)"rt;° SCU_> ‘-— Download changes

All changes must be downloaded to take effect. The label of a data source is shown on the respective icon. A
represents the first and B the second connected SCU.

Qg ME2100 80113-A Q ME2100 80113-B

After assigning the bits to the different data sources, select the instruments/functions which should use the
respective bit. In a MEA2100-Mini-System, three options are available, the Digital Out Generator, the
headstage stimulators and the SCU stimulators. Each bit can be assigned independently to a different function.
Just like the bit assignment to the different data sources, the functions can only be edited in the first instance.

Data Display | Overview Data Display | Digital Out Bit Selection | Digital Out Generator

® IFB Outputs ) DIfO Box

¢ Bit Control
Digital Out 1: SCU Instrument |Digital Out Generator =
- Mone
Digital Out 2: scu Instrument Digital Out Generator
HS1 Stimulator 1
Digital Out 3: scu Instrument [ ey Stimulatori\l
HS52 Stimulator 1
Digital Out 4: scu Instrument | 452 Stimulator 2
HS3 Stimulator 1

H53 Stimulator 2

Download
H54 Stimulator 1
HS54 Stimulator 2
SCU Stimulator 1
SCU Stimulator 2
SCU Stimulator 3

SCU Stimulator 4

The HS1 -4 Stimulator 1 or 2 option assigns the respective DigOut to one of the internal stimulation units of
each headstage. If the Marker option is used (see 5.9.3.8), each Marker can generate a TTL on the Digital Out
bit selected here. The SCU Stimulator 1 — 4 refers to the four-channel stimulator integrated into the SCU. The
Digital Out Generator can be used to program a selected bit to generate any random pattern of TTL pulses.
Again, all changes must be downloaded to take effect.

The Digital Out Generator allows to program each bit of the digital out channel to generate a random pattern
of TTL pulses. The Digital Out Generator tab is only active if at least one digital bit has been assigned to the
generator. Only the assigned bits will appear in the tab.

Each bit can be programmed with a random pattern of TTLs. Each bit assigned to the Digital Out Generator has
its own programming interface and WYSWYG display to show the programmed pattern.

-50-



Display | Digital Out Bit Selection | Digital Out Generator

Digital Out 1: Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat
| o | | Stop |D 0 500| ms 100 ms 0 100| ms
- 1 200 ms o 100| ms 1 300 ms 3
o 100 ms ms ms
Digital Ou Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat

0 200| ms 1 500| ps ms 20

0:0:25

Time (h:min:sec)

4— Download changes to take effect

The pattern for each bit can be programmed step by step, with value and duration for each step.
Value can only be 1 (HIGH) or 0 (LOW).

Duration can be any time, in multiples of 20 s, which is the time resolution of the Digital Out Generator. The

time unit can be changed to us, ms, s or min. Double click on any time unit field and select the desired unit
from the drop down menu.

Duration | Unit |’

500 m ~
200 ws

100 ms
s

Duration | mif

The Row Repeat allows repeating the contents of a specific row. If the pattern which should be repeated is
longer than one row, it is possible to combine rows to groups, and use the Group Repeat function instead.

Data Display | Digital Out Bit Selection | Digital Out Generator

Digital Qut 2:

Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat

; o : . = R
op
| o
=

500) ms ms ms ﬂ

0:0:0,5

Time (h:min:sec)

Download changes to take effect
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Display | Digital Out Bit Selection | Digital Out Generator

Digital Qut 1: I |Va|ue | Duration | Unit | Value ‘ Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat
| i | | Stop [D 0| 500 ms 1| 100] ms 0| 100| ms
@

1] 200| ms 0 100 ms 1] 300 ms 3

0| 100| ms \ | ms | | | me |

Group
1 2 3

|||1||||2|||3\|||4|||||||||||||||||||||||||||||||||||||

0:0:0 [EZIEVS) 01,5 0:0: 0:0:2,5 0:0:4,5 0:0:5

Time (h:min:sec)

To define a group, hold the SHIFT and CTRL key, and click the cells you want to add one by one. You can also
remove cells from a group by SHIFT/CTRL click.

Row Repeat | Group Repeat

»

The Digital Out Generator can be started on different conditions. Stop is always manual. In Manual mode, Start
and Stop are on manual command. Alternatively, the Generator can be started with the Start of the data
acquisition (Dacg), or on an incoming TTL on any of the Digital In bits. Finally, The Real Time Feedback (see
5.2.3.4) can also be used to start the Digital Out Generator.

Continuous repeat

[
| Start | | Stop
o0
Manual ~ |
Manual

Cigital In 4
Digital In 5
Cigital In 6
| Cigital In 7
Digital In 8
Cigital In 9
Digital In 10
Digital In 11
Digital In 12
Digital In 13
Cigital In 14
Digital In 15
Digital In 16
Realtime Feedback |

By default, the programmed pattern for each bit will be generated once after each Start command. If the
Continuous repeat () tick box is active, the pattern will be repeated indefinitely till the data acquisition is
stopped, or till a manual Stop command.

The settings and paradigm programmed in the Digital Event Generator are also stored in the Experiment file
(see 4.1.2).
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The W2100-System is the new generation of MCS wireless recording systems. One receiver is always operated
independently by one instance of the software. Multiple headstages connected to one receiver are operated by
the same instance. 1 or 2 indicate the receiver connected to port 1 or 2 of the Interface Board. Once the
W2100-System is added to the instrument configuration, the W2100 Stimulator will also become available as
instrument. Please also see movie for illustration.

The W2100-System has six output ports. Electrode Raw Data (blue), Analog Data (green), Digital Data (red) and
Real Time Feedback events (pink) are present and active in all headstages. Headstages of the latest generation
also have Gyroscope Data (light brown) and Accelerometer Data (dark brown). The brown ports are always
visible but contain no data in older headstages. As with all data sources, there are no input ports. The W2100-
System can be connected directly with any number of other instruments with blue or red input ports. The
green and brown ports can only be connected to the Recorder at the moment. There are no export options.

=
-

W2100

The W2100-System data source control window shows all available headstages. All channels of all active
headstages can be displayed, and optionally also the additional Analog Input channels from the Interface
Board.

To avoid aliasing issues with low sampling rates, the W2100 System will apply automatic adaptive Low Pass
filtering, if sampling rates below 10 kHz are used. The active filters can be seen in the hardware info tab. Filters
for all potential headstages are shown, whether or not they are currently present.

— W2100 Hardware Info - B Filter Information - o IEN|
Ead
* (AT el Device Name: W2100 (IFB 3) Index  Type Filter Filter Band Corner Freq. Order Active
Serial Number: 80113-A 0 Hardware Bessel Lowpass 4900 2 True
Sample Rate: Hz 0 Software  Bessel Highpass 1 1 True
Headstage Type: N/A f0  Software  Bessel Lowpass 400 1 True
Analog Ch: | 1 Hardi Bessel L 4900 2 T
Voltage Range Electrodes: -12,5 mV to +12,5 mV arcwars Besse ?Wpass e
1 Software  Bessel Highpass 1 1 True
Hardware Info pV/Digit Electrodes: 0,38147 I" Software  Bessel Lowpass 400 1 Trel
2 Hardware Bessel Lowpass 4900 2 True
Wireless System Setup Voltage Range Analog: -2500,0 - 2500,0 mV 2 Software Bessel Highpass 1 7 Troe
. uV/Digit Analog: 76.293945 IE Software  Bessel Lowpass 400 1 True I
=l Single Headstage Mode 3 Hardware Bessel Lowpass 4900 2 True
Firmware Versions: 3 Software  Bessel Highpass 1 1 True
Headstages: Scan - —
=adstag I3 Software  Bessel Lowpass 400 1 True I
I Filter Info : D>
Select Headstage:
" DSP 1.03 a
n
Bat: 16% Use 0.95
MCU1 N/A
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The Scan function will screen for available headstages in range and display them as icons. The additional
functions, Audio, Suspend Mode and Video Synchronization can be toggled.

In Multi Headstage Mode, a drop down menu with all active headstages allows to select the active headstage
to be displayed. This has no influence on recording, all active channels from all active headstages will be
recorded, independently from the display.

Data Acquisition Data of selected Headstage (in Multi Headstage Mode)

© O

Wireless System Setup
t Multi Headstage Mode
Headstages:

Select Headstage:

w2100 8 W2100 8
Lo43 1044
Select Display Headstage:
W2100 8 (L043)
W2100 8 (L043)
W2100 8 (L044)
L043
-] Toggle
"= data
- channels sow

]

[] Enable Suspend Mode

Acquire 5 min

Voltage (V)
& & °
g3

Suspend 551 min

0:014,1 00:142 0:0:146

[ Enable Video Synchronization

(%) Audio Settings

Time (h:zmin:sec)

When hovering the mouse pointer above the W2100-System instrument, a Settings icon appears. This allows to
select Single or Multi Headstage Mode before actually activating the W2100-System data source by dragging it
to the main window.

3 Change Headstage . = © EN

Sat 'imglu;' ar Multiple I—l.‘dihg{" MMade

] Multi Headstage Mode

OK Cancs

In Single Headstage Mode, only one headstage per receiver can be used at a time, at full sampling rate. In
Multiple Headstage Mode, up to four headstages can be used per receiver simultaneously, but at reduced
sampling rate. The Sampling Rate drop down menu will adjust the selectable sampling rates automatically.
Different types of headstages can be combined in Multi Headstage Mode. A separate file will be generated for
each headstage. The file name is identical, as defined in the Recorder tool, with the headstage serial number at
the end ([file name][HS serial #]).
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After scanning, all available headstages (HS) are displayed as icons. To select a headstage for recording, simply
click on it. The HS icons contain status information about each headstage. Grey outlined headstages are
inactive (not selected), selected headstages are outlined in blue. Each HS icon displays type and serial number,
and battery status (if active). A bar indicates whether the HS is actively acquiring data (green), in standby
(yellow) or switched off (red). Lost contact to the receiver is indicated by a purple bar.

Inactive HS  Active HS, running Indicators for HS with electrical (flash)
(green bar) or optical (light bulb) stimulation

Select stage: Select Headstage:
*A ¥ X . = s SWitch off HS
w2100 32 I _anﬂ—- Switched off HS
f Ho33 NaT7 NoTT (red bar)

HS type Indicators for battery Click on LED icons Active HS, standby
and serial load and transmission to toggle between (yellow bar)
number quality on, blinking, off

Headstages with electrical or optical stimulation capability show a flash or light bulb icon, respectively. The
two LEDs (red and blue) on the HS have also individual indicators on the HS icon. Clicking on the indicator will
switch each LED between on, blinking and off. The indicator colors are:

Off ON Blinking
Red LED grey red purple
Blue LED grey blue cyan

The circle arrow icon indicates a

headstage of the latest generation

W2100 16 with gyroscope and accelerometer
Al23

In Single Headstage Mode, all channels of the selected headstage are displayed in linear fashion. In Multi
Headstage Mode, the headstage to be displayed can be selected from a drop down list by serial number.
Individual channels can be toggled by clicking on them. Deactivated channels will neither be displayed nor
recorded.

In Multiple Headstage Mode, up to four Headstages can be active simultaneously. Only one of those
Headstages is displayed at a time, as selected from a drop down menu by serial number. Settings of
instruments connected to the W2100-System data source, like filters or spike detectors, can be set individually
for each active headstage. Settings in all connected instruments can be different for each headstage, and will
change automatically if the displayed headstage in the Data Acquisition instrument is changed.
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First headstage selected

Experiment Setup

ors
I W2100 Stimulator A
General

é Trigger Generator
v G
o] Sweeps

Sweep Analyzer

Second headstage selected

Experiment Setup

| W2100 Stimulator A

General

= w2100 8 W21008
: Trigger Generator Loa2 Loas =

v
Jre— Sweers
Recorder
weep Analyzer

Data Acquisition

© Hardware Info

Wireless System Setup

Multi Headstage Mode

Select Headstage:

Select Display Headstage:

W2100 8 (L043) ©

Available Channels:

Filter (1)

Filter

Filter

High Pass -
B
200 E

Apply to all wells

Cutoff [Hz]:

1043

Time (haminzsec)

00216

x

Data Acquisition

®
Wireless System Setup

=

(~) Zoom Display

Select Headstage:

8

g
50

£

3 -

o
o
=]
(-]
(-3
M

Select Display Headstage: 00148 00:152

W21008 (L044) -

Available Channels:

* | Filter (1)

Filter: Beszel v

Type: Band Pass -
Order: 2 El

Frequency Band: |Alpha (8- 13 Hz) ¥

Apply to all wells

In Multi Headstage Mode, the tab Overview Data Display will appear. On this display, the data of all selected
headstages can be seen in parallel. Channels are labeled with A-D for the headstage and the linear channel
number.

For all headstages, a generic linear layout is available. Some specific electrode layouts can be selected via a
drop down menu. To have a layout implemented in the software, please contact MCS support.

Select Headstage:

[y wai0016 W2100 32

HO16 H152

Select Display Headstage:

‘WE‘IOU 32 (H152) bt

Available Layouts

Linear32 ~

Linear32

Linear32 T 4x8

MeuroMNexus 4x8
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To generate a custom layout for the data source display only, click the Settings icon under the main display.
The following menu will allow to generate any desired electrode grid, and then assign channels to any grid
position. The label of the electrodes is the linear channel ID from the headstage connector. Currently, the
Custom Display Layout is only available for the data source.

Display Layout Customization :
Blectrode Layout  Dispiay Lyout DEfine electrode grid
o Rows: 3 Columns: 6 E
g - - | 1Dragand
3] E4 | ES E8 drop
(=] electrode
@ B 7 .
° to position
=]
Copy Electrode Layout Clear Display Layout
Electrode Info
B Load Available Display Layout:
EmptyDisplaylayout -
Name:
Group: Save Display Layout As
Load / Save
custom layout Caneel

To route any electrode channel to the Audio Output on the Interface Board, open the Audio Settings and select
a channel from the drop down list. Volume control is also available. Once activated, the signal from the
selected channel is audible via speakers or headphones connected to the Audio Out on the Interface Board.

’C'g Audio Settings:

Channel

E2 T

Volume

Activate Audio

Suspend Mode allows repeated episodic recordings with low power consumption. Usually, the headstages are
in stand by while selected and ready for recording. In standby, they react quickly on start commands, but still
use relatively much battery power. In suspend mode, the HS is switched off automatically for a predefined
Suspend period in between recordings, to safe battery power. Then it gets reactivated, and does a recording
for as long as defined in the Acquire window. This will be repeated till stopped manually. The reactivation takes
1- 2 seconds, so the timing of the Acquire and Suspend times is only accurate on a second scale.

Enable Suspend Mode

Acquire SE min

Suspend I SSE min

If the suspended mode is combined with electrical or optical stimulation, the stimulation will also be
interrupted during the Suspend time, and continue automatically in the next Acquire phase.

Activate the Video Synchronization if you want to record a video together with the electrophysiological data
with the Multi Channel VideoControl software. The selected frame rate must be identical to the frame rate of
the video acquisition, which is selected in the VideoControl software.

-57-



Enale Video Synchronization
el

Frame Rate: 50 *| Hz

This needs to be done manually, if Multi Channel Experimenter and VideoControl software are not connected.
If Enable Remote function is active, the Experimenter and the VideoControl software communicate via a pipe
connection. In that case, the Frame Rate control in the Experimenter is inactive and the Frame rate selected in
the VideoControl software will automatically be adjusted. Please see manual of Multi Channel VideoControl for
details.

This works if both programs run on the same PC, but also if they run on different PCs which are in the same
network. To enable a connection, both programs must be running on the respective PC(s).

@ Video Settings:

Enable Remote

By default, the Multi Channel Experimenter software will attempt to connect to a VideoControl instance
running on the same PC (Localhost).

To connect to a different PC in the network, press the "Log" button in the Video Settings of the W2100 Data
Source of the Experimenter and select a different Hostname from the drop down list or enter a new one.

The hostname of a PC is the computer name shown in the Windows Settings / System.
If the connection is established, press "Test" for a quick check. The hostnames with successful connections are

stored by the Experimenter software in its *.ini file and the last connected one will be used in the next session
automatically.

Remote Connection Log n Remote Connection Log n
Server Hostname: Server Hostname: nb-fh-170602 -
Status: Connected Status: Connected

y to NB-FH-1706 «<12:59:41> Connecting client to Localhost...
tion timed out <13:02:19> Connecting client to nb-fh-170602...
:21> Starting connection test... <13:02:20> Starting connection test...

304:21> Test successfu «13:02:20> Connection to Localhost cancelled

> Test failed

<13:11:06> Connecting client to Localhost. <13 0> Conne
<13:112:21> Starting connection test... <1

12 ation timed out
221> Starting connection test.

<13:112:26> Test failed: Ce unication timed out <1

Test | | Save Log | | Close | || Test || | Save Log | | Close

If the connection is established, VideoControl remotely controls the Video Frame Rate setting, the base file
name in the Recorder (see chapter 5.12.3) and whether Video Sync is enabled in the Multi Channel
Experimenter. The Experimenter sends the ID stored in the W2100 data file via this connection to
VideoControl, so that the same ID can be stored in the VideoControl movie file. This ID identifies video files and
recordings belonging together. Make sure the appropriate bits of the Digital Out channel are assigned to the
Video Sync function (see chapter 5.5.5.1).

Known problems with pipe connections in Windows:

The windows firewall might interfere with the pipe connection. The connection uses UDP ports 137 and 139
and TCP port 445 for communication, so if these are blocked a connection to a remote PC might not work.
More detailed info about pipe connections can be found here.
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Receivers with the AO (Analog Out) option have the Analog Output DAC Range as additional setting. The +12.4
mV input range of the W2100 headstage can be converted to different output ranges on the analog output,
depending on the input range of the connected 3rd party data acquisition:

@ Video Settings:

() Audio Settings: AO DAC Range Conversion factor Gain setting
Analog Cutput DAC Range: + 25 V 000496 201
+5V 0.00248 403
= A +10V 0.00124 806
25V
=5V |
=10V

The signal on the AO output times the conversion factor, or divided by the Gain setting, is the actual signal
size.

The Real Time Feedback (RTF) option can detect spikes and generate a feedback stimulation with the internal
stimulator with a time delay of only about 10 ms. The delay is longer for the W2100 than for the tethered
devices (MEA2100, ME2100) as information needs to be transferred wirelessly between the headstage and the
IFB. In addition to starting the internal STG, an outgoing TTL can be generated to control an external device by
the RTF. The events generated by the RTF are available as triggers on the pink port of the MEA2100-Mini data
acquisition. Feedback controls are located on an extra tab in the MEA2100-Mini Data Source. Real Time
Feedback is always only available for the first instance of the Experimenter and in Single Instance Mode.

Data Acquisition

@ Data Acquisition § Feedback

~— w2100

* Data Acquisition: W2100

More details on Real Time Feedback are described in the Data Source: MEA2100 section in chapter 5.2.3.4.

Most Headstages (all but the W210-HS4 and W2100-HS4-opto) of the latest generation are equipped with
sensors for rotation and acceleration, each in x-y-z-direction. Currently, this data can only be recorded and
exported by the Data Manger. These headstages show a circle arrow icon, and the W2100 data source ports in
light brown and dark brown are usable.

]
Bat: 84%

oy

W2100 16
Al23

Gyroscope data Accelerometer data

If such a headstage is selected, toggle the display for auxiliary analog channels, which now contains also tabs
for the Accelerometer and Gyroscope data. All three special directions are shown as individual traces, and can
also be toggled individually. Acceleration is shown in g (gravity acceleration, 9.81 m/s?), rotation in angular
degrees per second (°/s).
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Display | Digital Out Bit Selection | Digital Out Generator

@ Analog Channels Accelerometer |Gyroscope

0:0:39,1 0:0:39,2 0:0:396

Time (h:minzsec)

Be aware that due to gravity, there is a constant acceleration of 1 g in downward direction. That means, if the
headstage is held still and perfectly horizontal, the Acceleration z value is 1, and x and y are 0. In all other
positions, earth gravity is distributed between all three spatial directions. Any kind of movement causes
fluctuations in acceleration and rotation.

@ Analog Channels Accelerometer Gyroscope

0:0:187 O:0:188 0:0:189 0:0:19 0:0:19,1 0:0:19,2 0:0:19,3 0:0:194 0:0:19,5 0:0:19.6

Time (h:min:sec)
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The MEA2100- and W2100-Systems feature an Interface Board with a 16 bit digital output channel (DigOut).
The DigOut channel can generate TTL pulses to control or synchronize external devices. The function of the
DigOut channel can be controlled in the Data Source instrument. It’s possible that several data sources, and
hence several instances of the software, share one Interface Board (see chapter 4.1.4). This means all data
sources/software instances have to share the 16 available DigOut bits. Therefore, one tab in the W2100 data
source is available to assign the available output bits to the different data sources, and to the available
instruments which might use the DigOut.

Data Acquisition

Py W2100 Display | Digital Out Bit Selection | Digital Out Generator
—

—
* Data Acquisition: W2100 ® IFB Outputs O DI/O Box

Bit Control
. 10000 ~
Analog Channels
Digital Out 2:

The Digital Out Bit Selection tab allows to assign each bit of the DigOut channel to a certain data source and
function. In case of multiple software instances, only the first instance in which the Data Source instrument is
activated allows to edit the bit assignment. All other instances show the assignment, but only follow passively
the settings made in the first instance.

The Digital Out Bit Selection tab is available in two layouts, IFB Outputs and DI/O Box. For most applications,
four Digital Out bits are enough, so four bits Digital Out 1 to 4, are available as Lemo connectors directly on the
Interface Board. If you have this configuration, select IFB outputs, and you will see only the four available
outputs.

Display | Digital Out Bit Selection | Digital Out Generator

® IFB Outputs ) DI/O Box

Some applications need all 16 bits. In such cases, a DI/O extension box must be connected to the IFB, which
makes all bits available with BNC connectors. If you have such an extension, select DI/O Box to see all available
bits. Be aware that the 16 bits on the DI/O are not in addition to the four IFB inputs, Digital In 1 - 4 on the IFB
are identical to bit O - 3 on the DI/O box.

Display Digital Out Bit Selection | Digital Out Generator
® IFB Outputs () DI/O Box

¢ Bit Control

Digital Cut 1: HS/MEA Instrument
Digital Out 2: HS/MEA ASSIQH each Instrument

digital output to

Digital Cut 3: HS/MEA one data source Instrument
Digital Cut 4 HS/MEA |2 1

E Instrument
14
18 Download changes
ZA to take effect
2B

All changes must be downloaded to take effect. The label of a data source is shown on the respective icon.

= W2100 A 1
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After assigning the bits to the different data sources, select the instruments/functions which should use the
respective bit. In a W2100-System, three options are available, the Digital Out Generator, the Stimulators and
Real Time Feedback. Each bit can be assigned independently to a different function. Just like the bit assighment
to the different data sources, the functions can only be edited in the first instance.

Display | Digital Out Bit Selection | Digital Qut Generator
@ IF8 Qutputs ) DI/O Box

( Bit Control

Digital Qut 1: HS/MEA Instrument |Video Sync -
None

Digital Out 2: HS5/MEA Instrument Digital Out Generator
Video Sync

Digital Qut 3: HS/MEA Instrument one -

Digital Out 4: HS/MEA |A1 = Instrument

In the W2100-System, the digital out can be used in combination with the W2100 Video System to record a
video file synchronized with the electrophysiological data (see chapter 5.5.3.9). Up to four cameras can be
operated from one IFB. Assign one bit per camera to the Video Sync.

Finally, the Digital Out Generator can be used to program a selected bit to generate any random pattern of TTL
pulses. Again, all changes must be downloaded to take effect.

The Digital Out Generator allows to program each bit of the digital out channel to generate a random pattern
of TTL pulses. The Digital Out Generator tab is only active if at least one digital bit has been assigned to the
generator. Only the assigned bits will appear in the tab.

Each bit can be programmed with a random pattern of TTLs. Each bit assigned to the Digital Out Generator has
its own programming interface and WYSWYG display to show the programmed pattern.

Display | Digital Out Bit Selection | Digital Qut Generator

Digital Out 1: Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat
| o || Stop |D 0 500| ms 1 100| ms 0 100| ms
- 1 200| ms 0 100| ms 1 300| ms 3
o 100| ms ms ms
Digital Out 3: Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat
E?ﬂ 0 200| ms 1 500{ ps ms 20
o ms ms ms

0:0:0 0:0:05 0:0: 0:0:4,5 0:0:5

Time (h:min:sec)

58 v

4— Download changes to take effect

The pattern for each bit can be programmed step by step, with value and duration for each step. Value can
only be 1 (HIGH) or 0 (LOW).
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Duration can be any time, in multiples of 20 us, which is the time resolution of the Digital Out Generator. The
time unit can be changed to ps, ms, s or min. Double click on any time unit field and select the desired unit
from the drop down menu.

Duration | Unit |’

500 m ~
200 ws

100 ms
s

Duration | mir

The Row Repeat allows repeating the contents of a specific row. If the pattern which should be repeated is
longer than one row, it is possible to combine rows to groups, and use the Group Repeat function instead.

Data Display | Digital Qut Bit Selection | Digital Out Generator

Digital Out 2: Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat
1] 9| ms 1 1| ms ms 50
0 500 ms ms ms ﬂ

]
B
=

:0:0,5

Time (h:min:sec)

Download changes to take effect

Display | Digital Out Bit Selection | Digital Out Generator

Digital Qut 1: I |Va|ue | Duration | Unit | Value ‘ Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat
| _— | | Stop [D 0f 500| ms 1] 100| ms 0f 100| ms
- 1] 200| ms 0 100| ms 1] 300| ms 3
Dl ‘IODl ms ‘ | ms | | | ms |
Group

3 0:0:4,5
Time (h:min:sec)

0:0:5

To define a group, hold the SHIFT and CTRL key, and click the cells you want to add one by one. You can also
remove cells from a group by SHIFT/CTRL click.

Row Repeat | Group Repeat

\F

57
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The Digital Out Generator can be started on different conditions. Stop is always manual. In Manual mode, Start
and Stop are on manual command. Alternatively, the Generator can be started with the Start of the data
acquisition (Dacq), or on an incoming TTL on any of the Digital In bits. Finally, The Real Time Feedback (see
5.2.3.4) can also be used to start the Digital Out Generator.

Continuous repeat

[}
| Start | | Stop
Manual ~ |
Manual

Digital
Digital In 2

Digital In 5
Digital In 6
| Digital In 7
Digital In &
Digital In 9
Digital In 10
Digital In 11
Digital In 12
Digital In 13
Digital In 14
Digital In 15
Digital In 16

Realtime Feedback

By default, the programmed pattern for each bit will be generated once after each Start command. If the
Continuous repeat (o) tick box is active, the pattern will be repeated indefinitely till the data acquisition is
stopped, or till a manual Stop command.

The settings and paradigm programmed in the Digital Event Generator are also stored in the Experiment file
(see 4.1.2).
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This section highlights a few common uses of the W2100-System Data Source.

To do repeated recordings on a minutes or hours time scale, it is recommended to use the Suspend Mode to
save battery power. Connect the W2100-System data source to the recorder and open the control window of
the W2100-System. Enable suspend mode, and set the Suspend and Acquire times, as well as the sampling
rate. Set the data acquisition to Standby. Once the DAQ is started, the W2100-System will record for 5 min, and
then shut down the HS for 55 min. This will repeat till manually stopped.

Multi Channel Experimenter (Instance: 1) -

[ 1osa speriment | [ 3 save Bporment | [ & save xperiment as_ |

Ds

<

Set Sample Rate —’V

25000 7 1
Anslag Channels
Harchware Infa

Wireless System Setup

eachtsge Made

Select HS and ﬂ
check sufficient;

battery power Weas
won

Avaisble Channels:

! 00000000

)

Set Aquire and
Suspend time

Recording Time: DAQ Time:
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Before dragging the W2100-System Headstage to the main window, select Multi Headstage Mode with the
Settings Icon (please see chapter 0, Single and Multi Headstage Mode). Scan, and select all four headstages for
recording. The HS with the highest channel count will determine the maximum sampling rate. Set recording to
Standby and start the DAQ manually. A separate file will be generated for each headstage. The file name is
identical, as defined in the Recorder tool, with the headstage serial number at the end ([file name][HS serial #]).
In this example, unfiltered raw data and spike cutouts will be recorded for all four headstages.

]
[] [ s (@ reiomon |

Seiec Hendciage |

i P P

W21008 w2108 W21004 w2004
[T [rers Noos noa1

Select Display Hesdstage:

0000000F

Number of USE data losses: 0 Recording Time: 0 DAQ Time: 60:00:42

Only one headstage is displayed at a time, the displayed headstage can be selected from a drop down menu.
Settings for the filter and spike detector, like filter cut off and spike detection levels, can be selected
individually for each headstage, even though there is only one filter and spike detector instrument. Any
changes from the default settings will be applied to the displayed headstage only. Change the displayed
headstage in the W2100-System data source, and the settings in the subsequent instruments will change
accordingly.
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If more than one data acquisition device is used in the same experiment, synchronization of data is always an
issue, as each device runs on its own clock, and time lines will drift apart over time. In this example, the
W2100-System will generate a constant stream of TTL pulses via one Digital Out bit at 1 kHz, which can be
connected to an external device. This TTLs can later be used to synchronize the W2100 data with the external
data, and the TTLs are synced to the internal clock of the W2100-System.

Assign one Digital Out bit to the Digital Out Generator.

Display | Digital Out Bit Selection | Digital Out Generator

® IF8 Outputs () DI/O Box

Bit Cantrol ‘

Digital Out 1: HS/MEA Instrument |Digital Out Generator ~

Next, program the Digital Out Generator to start on the start of the data acquisition, and repeat the
programmed pulse continuously. Program a TTL pattern with 800 pus LOW an 200 ps HIGH. Depending on the
sampling rate of the external device, it might be necessary to have a longer HIGH phase to make sure the TTL is
detected. Generally, the faster the sampling rate, the shorter the HIGH phase and the faster the frequency of
the synchronization signal is recommended. For slower acquisition systems, a slower frequency with longer
HIGH phases should be used.

Display | Digital Out Bit Selection | Digital Out Generator

Digital Qut 1: Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit | Row Repeat | Group Repeat
0 800| ps 1 200( ps ms
ms ms ms
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W& Co108 ¢

The Basic Wireless-System is the first generation of MCS wireless recording systems. One system is always
operated independently by one instance of the software. Multiple headstages can be operated by one system,
but only one headstage can be active at a time. The icon shows the serial number of the recording system, and
the type of headstage which is currently selected (W8 in the example above).

The Basic Wireless-System has two output ports: Electrode Raw Data (blue) and Digital Data (red). As with all
data sources, there are no input ports. The Basic Wireless-System can be connected directly with any number
of other instruments with blue or red input ports. There are no export options.

-

W16

The Basic Wireless-System data source needs to be set to one type of headstage (W4, W8, W16 or W32) first.
When hovering the mouse pointer above the Basic Wireless instrument, a Settings icon appears. This allows to
select the headstage type before actually activating the Basic Wireless-System data source by dragging in to
the main window.

= W8 (C0108 o

(h:-mge"ﬂimle_ - ':'

Change Device Channel Number

Wireless Device: 15 -

0K Cancel

The Scan function will screen for available headstages in range and display up to four of them as icons (A to D).
One headstage can be selected for recording at a time. In the control window, all channels of the active
headstage will be displayed. Grey headstages are inactive (not selected), the selected headstage are outlined in
blue. Each headstage icon displays a serial number. A bar indicates whether the headstage is actively acquiring
data (green), in standby (yellow) or switched off (red). Switched Off headstages need to be turned on again by
power cycling or with an IR remote control. The status of the LED on the headstage and the output power of
the transmitters can also be adjusted. Individual channels can be deactivated, these channels will neither be
displayed nor recorded. Deactivation of channels can increase the available sampling rate.
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- x
Data Acquisition 2

= e
* Data Acquisition: W16

Sample Rate:

Headstages:

Select Headstage:

C
- - - -
0
Available Channels:
Select one
Linear16

o out of four
@ headstages

Toggle -1
individual )
channels

Control Headstage:

Blue LED: RF Output Power:
-20
ovaaa 00445 449 0045 00451
Toggle LED Set sending Time (heminisec)

between power of HS
ON / OFF / Blinking transmitter

] ]

-69 -



This section highlights a few common uses of the Basic Wireless-System Data Source.

The maximum sampling rate is mostly determined by the number of channels which are actually recorded, not
the number of channels available on the headstage. In this example, the maximum sampling rate of a W16 is
usually 10 kHz. By deactivating half of the channels, this can be increased to 20 kHz. The available options in
the sampling rate drop down menu will adjust automatically based on the number of recorded channels.
Reducing channels will also decrease power consumption.

Data Acquisition

Deactivate
channels to

increase
maximum

0
[}
o
sample rate o
(-]
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In some behavioral experiments, animals are trained to perform certain tasks, for example pressing a lever. To
analyze the brain activity in relation to the performed task, it is necessary to have a time stamp in the file. In
this experiment, the animal has the choice between two different levers. Using any one lever will generate a
TTL pulse, which is applied to one of two digital inputs on the Basic Wireless-System device. The TTL is detected
by two Digital Event Detectors, and will show up as time stamp in the data file.

Multi Channel Experir (instance: 1) - - o IEN

[®] [ sutoaa] [@ necongon 4 Losapsperment | [ ¥ sove coperiment | [ % sove expenment as

Data Acquisition

6 Sample Rate: 10000 = 4z

Ha

Switch off

Change instrument name and use @@
event labels for easier orientation @

0000
00000

Cantret Headstage:
Blue LED: R Qutput Power

Blinking

105 - o
Event indicator —Dlmm o0 I Recording Time: DAQ Time:

Events and instruments can be given custom labels, to make orientation easier. These labels will also be saved
in the data file. Raw Data and both Trigger data streams are connected to the Recorder, and will therefore be
recorded.
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=" SE-Wireless

The SE-Wireless-System is supported in all available channel count variations. One receiver is always operated
independently by one instance of the software. The type of connected receiver (5, 15, 31, 63 or 127 channels)
is detected automatically.

The SE-Wireless-System has three output ports: Electrode Raw Data (blue), Analog Data (green) and Digital
Data (red). As with all data sources, there are no input ports. The SE-Wireless data source can be connected
directly with any number of other instruments with blue or red input ports. The green port can only be
connected to the Recorder at the moment. There are no export options.

-Wireless

The SE-Wireless data source control window shows all available data channels, and optionally also
the additional Analog Input channels from the Interface Board. The numbering of the channels reflects the
channel numbers on the TBSI headstage documentation.

it Selection | Digital Out Generator ‘— Digital Out controls
Toggle analog channel display

Toggle electrode channels s El E
+5 <

Warning: TBSI headstages have a low pass filter of 7 kHz. Sampling rates below 20 kHz may
A lead to aliasing effects and should be avoided.

-72 -




Individual channels can be toggled by clicking on them. Deactivated channels will neither be displayed nor
recorded. [shift] click or [crtl] click on any electrode will toggle the whole row or column. Hover the mouse
pointer over an electrode channel for a few seconds to bring up the hardware channel ID for that electrode.

SE Wireless 127

0000 - -0600
0000 209
QQQQ = @@@ [shift] click to

@@@@ @@@ toggle a whole row

@@@@ @@

(7 ess Jeso oo JER s ] e=: ] = 55 <—Hardware channel ID
000 -00@

PPOQ 000

20 -00O

2002 2060

00D 2P

ocleiocl ol BB ol

erizlerclerlen ol el oferzd

SSSS-Se

[crtl] click to toggle
a whole column

To generate a custom layout for the display, click the Settings icon under the main display. The following menu
will allow to generate any desired electrode grid, and then assign channels to any grid position. Currently, the
Custom Display Layout is only available for the data source.

Display Layout Customization n

Electrode Layout Display Layout Define electrode grid

0000000000 [ I = |[f]
9000000000 ... ..

0000000000 I;Z:ag and drop to define
@@@@@@@@@@ = electrode-position
0000000000

Electrode Info

ID: 18

Name: E19 | Copy Electrode Layout || Clear Display Layout |

Group: 0
Load Available Display Layout:

Load and save
custom layout

Layout_Custom - |

Save Display Layout As ...
(o [ ]

The SE-Wireless-System features an Interface Board with a 16 bit digital output channel (DigOut). The DigOut
channel can generate TTL pulses to control or synchronize external devices. The function of the DigOut
channel can be controlled in the Data Source instrument. It is possible that several data sources, and hence
several instances of the software, share one Interface Board (see chapter 4.1.4).

This means all data sources/software instances have to share the 16 available DigOut bits. Therefore, one tab
in the MEA2100 data source is available to assign the available output bits to the different data sources, and to
the available instruments which might use the DigOut.
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Cata Acquisition (1)

©

Data Display | Digital Out Bih‘ieledion Digital Out Generator
@ Analeg Channels

- Data Acquisition: SE-Wireless

~—~ SE-Wireless

The Digital Out Bit Selection tab allows to assign each bit of the Digital Out channel to a certain data source and
function. In case of multiple software instances, only the first instance in which the Data Source instrument is
activated allows to edit the bit assignment. All other instances show the assignment, but only follow passively
the settings made in the first instance.

The Digital Out Bit Selection tab is available in two layouts, IFB Outputs and DI/O Box. For most applications,
four Digital Out bits are enough, so four bits Digital Out 1 to 4, are available as Lemo connectors directly on the
Interface Board. If you have this configuration, select IFB outputs, and you will see only the four available
outputs.

Display | Digital Out Bit Selection | Digital Out Generator

(® IFB Outputs ) DI/O Box

Some applications need all 16 bits. In such cases, a DI/O extension box must be connected to the IFB, which
makes all bits available with BNC connectors. If you have such an extension, select DI/O Box to see all available
bits. Be aware that the 16 bits on the DI/O are not in addition to the four IFB inputs, Digital In 1 - 4 on the IFB
are identical to bit O - 3 on the DI/O box.

Data Display | Digital Qut Bit Selection | Digital Out Generator
@® IF8 Outputs () DI/O Box

Bit Control

Digital Qut 1: RE |2 = Instrument | None

. | ' Assign DigOut to

Digital Out 2: R i
igital Out receiver one or two

Instrument | Nene

Digital Out 3: RE Instrument | Nene

C1EIEEIE
h b 5z

Digital Qut 4: RE Instrument | Nene

<= Download changes to take effect

Two receivers can be connected to one Interface Board. Assign each Dig Out you want to use to receiver one or
two. All changes must be downloaded to take effect.

After assigning the bits to the different data sources, select the instruments/functions which should use the
respective bit. In a SE-Wireless-System, only the Digital Out Generator can use the DigOut. The Digital Out
Generator can be used to program a selected bit to generate any random pattern of TTL pulses. Just like the bit
assignment to the different data sources, the functions can only be edited in the first instance, and all changes
must be downloaded.

Data Display | Digital Out Bit Selection | Digital Out Generator
@ IFB Outputs ) DI/O Box

Bit Control

Digital Out 1: RE Instrument |Digital Qut Generator ¥

Digital Out 2: RE Instrument | None =
None

Digital Out 3: RE Instrument Digital Out Generatar

Digital Out 4: RE Instrument | None =
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The Digital Out Generator allows to program each bit of the digital out channel to generate a random pattern

of TTL pulses. The Digital Out Generator tab is only active if at least one digital bit has been assigned to the
generator. Only the assigned bits will appear in the tab.

Each bit can be programmed with a random pattern of TTLs. Each bit assigned to the Digital Out Generator has
its own programming interface and WYSWYG display to show the programmed pattern.

Display | Digital Out Bit Selection | Digital Out Generator

Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit

Row Repeat | Group Repeat
D 0 500| ms 1 100| ms 0 100| ms
— .

200| ms 0 100| ms 1 300| ms 3
0 100| ms ms ms
Digital Qut 3: Value | Duration | Unit | Value

Duration | Unit | Value | Duration | Unit | Row Repeat

Group Repeat
1 5 2
Stop 1] 200| ms 500| ps ms 20

Time (h:min:sec)

4— Download changes to take effect

The pattern for each bit can be programmed step by step, with value and duration for each step.
Value can only be 1 (HIGH) or 0 (LOW).

Duration can be any time, in multiples of 20 s, which is the time resolution of the Digital Out Generator. The

time unit can be changed to us, ms, s or min. Double click on any time unit field and select the desired unit
from the drop down menu.

Duration | Unit |’

500 fm ~

200 ws

100 M=
s

Duration | mird

The Row Repeat allows repeating the contents of a specific row. If the pattern which should be repeated is
longer than one row, it is possible to combine rows to groups, and use the Group Repeat function instead.

Data Display | Digital Out Bit Selection  Digital Out Generator

Digital Out 2:

Value | Duration | Unit | Value | Duration | Unit | Value | Duration | Unit

Row Repeat | Group Repeat
0 9| ms 1 1| ms ms 50
.
o

ms ms ﬂ

0 500 ms

Time (h:min:sec)

Download changes to take effect
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Display | Digital Out Bit Selection | Digital Out Generator

Digital Qut 1: I ‘ Value | Duration | Unit |Va|ue | Duration | Unit |Va|ue | Duration ‘ Unit | Row Repeat | Group Repeat
| _— | | Stop [D of 500| ms 1| 100| ms 0 100| ms
- 1] 200[ ms 0 100| ms 1] 300 ms E
Dl ‘IOUl ms | | ms | | ‘ ms |
Group

::0 o005 0015 0:0: 0025 0:0:4,5

Time (h:min:sec)

To define a group, hold the SHIFT and CTRL key, and click the cells you want to add one by one. You can also
remove cells from a group by SHIFT/CTRL click.

Row Repeat | Group Repeat

»

The Digital Out Generator can be started on different conditions. Stop is always manual. In Manual mode, Start
and Stop are on manual command. Alternatively, the Generator can be started with the Start of the data
acquisition (Dacq), or on an incoming TTL on any of the Digital In bits.

Continuous repeat

| Start | | Stop

Manual ~ |

Manual

-

o0

Cigital In 5
Cigital In 6
| Digital In 7
Cigital In &
Cigital In 9
Digital In 10
Digital In 11
Digital In 12
Digital In 13
Cigital In 14
Digital In 15
Cigital In 16

By default, the programmed pattern for each bit will be generated once after each Start command. If the
Continuous repeat (o) tick box is active, the pattern will be repeated indefinitely till the data acquisition is
stopped, or till a manual Stop command.

The settings and paradigm programmed in the Digital Event Generator are also stored in the Experiment file
(see 4.1.2).
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AO @ USB-ME32

The USB-ME-System data acquisition systems come in three versions, with 64, 128 or 256 channels. Each 64
channels have an individual physical input connector on the device, labeled with A, B, C and D. Most often, one
MEA1060 amplifier or one ME recording system is attached to each input. Consequently, the Multi Channel
Experimenter handles each input as separate data source, which must be opened in separate instances of the
software. The Multi Channel Experimenter can’t control the MEA1060 amplifiers or the STG stimulators of the
2000, 3000 and 4000 series. MEA-Select and MC_Stimulus Il must still be used for this purpose. The compact
USB-ME16 and USB-ME32 in vivo systems are also supported.

The USB-ME-System Data Source has three output ports: Electrode Raw Data (blue), Analog Data (green) and
Digital Data (red). The USB-ME16 and USB-ME32 systems have no Analog Data port. As with all data sources,
there are no input ports. The USB-ME-System can be connected directly with any number of other instruments
with blue or red input ports. The green port can only be connected to the Recorder at the moment. There are
no export options.

(=] =

USB-ME256 USB-ME32

The USB-ME-System data acquisition can operate MEA1060 and ME amplifiers (FA and PGA). If you use a
MEA1060 with a standard MEA layout, you can use a MEA layout from a drop down list. If you want to use the
linear channel layout and create a custom layout, set the device channel layout to Linear Layout before
dragging the instrument icon to the main window. The USB-ME16- and USB-ME32-Systems support only 16 or
32 channel linear layout. When hovering the mouse pointer above the USB-ME-System instrument, a Settings
icon appears. This allows to select Linear Layout or MEA Layout.

E USB-ME256 ALY \ i# Setlayout — T

xSet MEA or Linear Layout
[] Linear Layout

F 4

0K Cancel

The USB-ME-System data source control window shows all available data channels, and optionally also the
additional Analog Input channels. If a standard MEA is used, the respective layout can be selected from a drop
down list, to match the display to the actual electrode configuration.
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Individual channels can be toggled by clicking on them. Deactivated channels will neither be displayed nor
recorded. [shift] click or [crtl] click on any electrode will toggle the whole row or column. Hover the mouse
pointer over an electrode channel for a few seconds to bring up the hardware channel ID for that electrode.

06000 60 Se000s
[shift] click to

select a whole row
0@@@@ ee

000006 -00 00000000
00000 -00 00000000
00000 00 000000060
9999;@ 000000

[crtl] click to select
a whole column

Data Acquisition - X

©) USB-ME256

E Data Acquisition: USB-ME256

Sample Rate: 10000 v 1y,

() Arsiog Charnets

] Enter Amplifier Gain

Caution! Amplifier gain is a
- E hardware property that cannot be.
Gain oo Enter. changed by software controls,
See the technical specifcations.
@SS for details or ask the

7 manufacturer.

Hardware Info Gain of the used amplifier

) ) Amplifier Gain:
MEA Configuration

Default for

MEA Layout: i GOMEAT100/10 - MEA 1060 Amplifier

GOMEAT00/10 MEA 10608C Amplifier

000000 SR | s Headstage
00000000
060000000
0@99@@@0

Click to deactivate s 5]
individual channels (%) Zoom Display

£
§
2

The required MEA layout, which will define the display layout for the USB-ME-System data source and all other
instruments, can be selected from a drop down list. If a 60-6well MEA is selected, channels of only one well are
displayed at a time, other wells can be selected by mouse click. This does not affect the recording in any way.

In contrast to the later MCS recording systems, the analog MEA1060 and FA and PGA amplifiers cannot provide
gain and filter setting information to the software. Therefore, the gain for the amplifier connected to the USB-
ME-System data acquisition must be selected manually. Click the Enter button to open the Amplifier Gain
menu. The gain values for the most common amplifiers are listed.
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For the 60-6wellMEA200/30iR-Ti, two different layout options are available. The 60-6wellMEA200/30iR layout

shows only one well at a time. You can switch between the wells by clicking at them. Settings for all connected
instruments (Filters, Stimulator, Cross Channel Tool) can be set independently for each well. Settings will be
shown for the well currently selected in the data source. An Apply to all wells allows to make uniform settings.

f Filter
-\ Filter

Filter: Butterworth

MEA Layout: 60-6wellMEA200/30iR =

Type: High Pass

Q Order. 2 @ MEA Layout:
OAAD)

Cutoff [Hzl: 200 El
6-Well s

SFNS),
O Apply to all wells @@@@@@@@@
A A 260000000
ggg ggg 000000000
222 000000000
000 000000000

Alternatively, the 6-Well-S layout shows all electrodes of the 6-Well MEA with the correct electrode label and
grouped by wells, but they are all treated as one unit. All settings and stimulation are global for all channels.

II

6-Well 5 =

To generate a custom layout for the display, click the Settings icon under the main display. The following menu
will allow to generate any desired electrode grid, and then assign channels to any grid position.

Display Layout Customization u

Electrode Layout Display Layout Define electrode grld

0000000000 - [ - «| «f

gssessese .. |
Q000000000 i s woeie
00020000000 . %‘“F’*M
0000000000 B

. } Electrode Info | ‘

Name: E19 | Copy Electrode Layout | | Clear Display Layout |

Load Available Display Layout:

Load and save
custom layout

Layout_Custom v |

Save Display Layout As ...
o (o]

The label of the electrodes is defined by the layout selected from the drop down list. To get the linear
hardware channel IDs, select Linear Layout in the Set Layout menu (see above). Currently, the Custom Display
Layout is only available for the data source.
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This section highlights a few common uses of the USB-ME-System Data Source.

Multi Channel (instance: 1) -

[ 2 tosa expermen | [ # sove expermers | [ sove xperment s |

{ Digita Event Detector (1) Data Acquisiton

o v Digital Event Detector | [{G USB-ME256

_ U\ﬂ 2

—_— G N0 Eer

on TTL on bit 0 of e
the digital channel|| . . = = . . . Hardware Info

Re(order Beep MEA Configuration
\ — :

L o MEA Layout: 4 (OMEA200/30iR .
 Stimulators n
m Digital Event Det...

6OMEA200/30R

Bvetlabet  Luser 0000
00000000
Events can be 00000000
given random 00000000
labels “O000000
00000000
00000000
000000

Recorder
e
INewo |

Events @ Recording Time: 0 DAQ Time: 00:00:20

In the experiment above, the blue electrode data port is connected directly to the Recorder. Therefore, the
electrode data recorded continuously. A 60MEA200/30iR layout is selected for the MEA data with 10 kHz
sampling rate applied. The red digital data port is connected to a Digital Event Detector instrument (please see
chapter 5.17, Digital Event Detector), which will generate Trigger events based on TTL inputs to the Digital In
connectors on USB-ME-System. The trigger events will also be recorded, as the pink trigger output port is
connected to the Recorder. The digital channel itself will not be recorded, as it is not connected directly to the

Recorder.
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External Stimulators can be programmed to generate TTL pulses together with every stimulation pulse. To
record segments of data, so called sweeps, around each stimulation, connect the TTL output of the stimulator
to a digital input of the USB-ME-System data acquisition. In the present example, the TTL is applied to bit 0 of
the digital channel. The Digital Event Detector generates a trigger event on each rising flank of a TTL on the
respective bit. The Sweeps tool uses the raw electrode data from the Data Source and the event to generate
sweeps of -10 ms to 100 ms around each stimulation. Only the events and the sweeps are recorded, not the

continuous raw data.
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The MEA2100 and ME2100 Stimulator instrument controls the three internal stimulation units of the
MEA/ME2100-System. The Stimulator instrument becomes available only after a MEA/ME2100-System data
source has been activated (dragged into the main window). Each instance of the experimenter with a
MEA/ME2100-System has an independent Stimulator. Please note, the MEA2100-60, MEA2100-2x60 and
MEA2100-120 headstages have three stimulator units per MEA. The MEA2100-256 and the MEA2100-Mini
headstages have only two stimulator units. The ME2100 has two stimulator units for each attached headstage.

The Stimulator has a pink port to generate trigger events. There are no export options.

ik

Stimulator

The operation of the stimulators of the MEA2100- and ME2100-Systems are largely identical, hence, they are
described together in this chapter. The differences are shown in the first two subchapters.

The three units of the MEA2100 stimulator are color coded in Stimulator 1 , Stimulator 2 blue and
Stimulator 3 red. The MEA2100-256 and the MEA2100-Mini only have the first two, green and blue. Each
stimulator has an independent control tab. The programming of a stimulation pattern is achieved by combining
predefined waveforms, so called primitives. Click on a Stimulator unit icon to open the respective control tab.

-

sumuator
@ Stimulator
Stmutor: MEAZI0O

Stimulator icons: Select stimulator * =
unit to open respective control tab

and toggle stimulation electrodes & Display of one primitive

stimulation
window Stimulation sequence for one

¢t stimulation unit, consisting of

3 several primitives

Electrode selection for
three stimulation unit . . . .
Display of one stimulation unit

Stmulus Overay
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The two units of the ME2100 stimulator are color coded in Stimulator 1 , Stimulator 2 blue. Each
stimulator has an independent control tab. Each connected headstage has two independent stimulator units.
All control functions apply to the stimulator of the headstage currently selected in the ME2100 data source
(see also chapter 5.4.4).

The programming of a stimulation pattern is achieved by combining predefined waveforms, so called
primitives. Click on a Stimulator unit icon to open the respective control tab. The stimulator control window
will display the electrode layout selected in the data source. Click on any electrode to toggle it as stimulation
electrode for the selected Stimulator unit. One electrode can only be assigned to one Stimulator unit at a time.

Stimulator (1) - F ox

Stimulator; ME2100 -

litude [%]
e 0 =] E Amplitude [m] [1000 =] o0
00000-4.27 XE XD @ Offset [mV] Y ) i !—zl = !—zl
7 Externsl Stw\u\at\* = |J-I — wationGs] 200 =3 Jo = =
A Click on stimulator icon to set P Cycles =
St'm:!::fe"c;:f:::)dnifoa;;‘:b°pe" E A } I5ims] = 4— Display for one primitive
= Amplitude ] [100 = =
% o Duaonls] [0 =0 = =]
[ rag primitive
to stimulation o s
@ grindow IJ_I EI St_imulat_ion se_quence_fo_r one
< stimulation unit, consisting of
several primitives

Toggle external

stimulation Selected stimulation

electrodes are color
coded green/blue

Display for one
stimulation unit

Dot Acquisition (1) Stimulator (1)]

Activity indicators for all

stimulator units —»Sumulztcn 0000000 [zesriy) T2 AT

The “External Stimulation” feature is unique to the ME2100 stimulator. If activated, the programmed
stimulation patterns will be applied to the selected channels of the recording electrode attached to the
respective headstage and to the external stimulation output on the side of the ME2100 headstage. If you want
to use the external output only, deselect all recording electrodes. The external stimulation output allows the
connection of one or two external stimulation electrodes. The six-pin socket is protected against polarity
reversal, as the connector can be plugged in either way. The pins for STG 1 and 2 and GND are physically
connected internally.

Top

Bottom

Please see the pin layout of the connector and the connection scheme below.

e int—y o e—e
N=
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The stimulator control window will display the electrode layout selected in the data source. Click on any
electrode to toggle it as stimulation electrode for the selected Stimulator unit. One electrode can only be
assigned to one stimulator unit at a time.

60HexaMEA40/10
60MEAZ200/30iR

60HDMEA30/10iR M oAz a3 o B

21 3 # 51 &1 T B1 B2 B3 B4 B5 B&
12 22 132 (42 B2 & T2 82 C1 €2 C3 C4 Cb C6 CT
13 23 33 43 53 63 73 83 ATl AZ2L A3L A4L ABL AR AZR AR A4R ABR D1 D2 D3 D4 D5 D6 D7 D3
14 24 34 44 54 64 T4 B4 B1L B2L B3L B4L B5L E1R B2ZR B3R B4R BSR El E2 E3 B4 E E6 E7

25 35 45 BB 88 Th 85 C1iL C2L C3L C4L ChL CiR C2ZR C3R C4R C5R F1 F2 F3 F4 F6 F6 F7 F8
16 [26 |[36 (46 56 66 76 86 D2L D3L D4L DsL MR D2R D3R D4R DER Gl G2 G3 G4 G5 G GT
17 27 37 47 b7 & 77 &7 E1L E2L E3L E4L |[E5E E1R EZ2R E3R E4R EGR H1 H2 H3 H4 H5 H&

25 38 48 b8 68 T8 FIL FZL F3L F4L F5L FIR FZR F3R F4R F5R J1J2 J3 J4 [ JB

Attention: In voltage-controlled stimulation, any number of electrodes can be selected for each stimulator. If
more than one electrode per stimulator is selected in current controlled stimulation, the applied current would
be divided between all selected electrodes according to their impedance in an unpredictable way. Therefore, in
current mode only one stimulation electrode per stimulator unit is allowed.

Stimulator units can be started and stopped independently or simultaneously. Similarly, stimulation electrodes
can be cleared for individual units or altogether. In the Settings menu, it’s possible to switch between current
or voltage controlled stimulation.

Stimulator: MEA2100 ‘Artefact Suppression

—— N 88 ~ Blanking
select ** * Open Settings Dedicated Stimulation Electrodes

stimulator Output
unit Attention: switching output made will

Clear and Start / clear all stimulus definitions !

Stop for one Current ‘ Voltage

stimulator unit -
Clear and Start / Experiment Strictness
Stop for all [¥ Block user input while recording data

stimulator units

|'I Stimulator stimulus Generator Settings Ea

The Artefact Suppression functions are also toggled here. Blanking disconnects all electrodes for a short period
of time during the stimulation pulse, to reduce stimulation artefacts. Dedicated Stimulation Electrodes will
permanently connect the selected stimulation electrodes to the respective stimulator units, instead of
switching back and forth between recording and stimulation.

This will decrease artefacts even more, but the stimulation electrodes are lost for recoding. With this function
activated, the stimulation electrodes will show an increased noise level and no signals whatsoever. Finally,
under Experiment Strictness the user can decide whether changes in the stimulation paradigm should be
possible while recording data.

Each Stimulator unit has independent controls to select a start condition, load/save stimulation patterns and so
on. Itis possible to modify the programmed amplitude of all pulses in a pulse pattern by a certain percentage
with a single up down window. Likewise, it is possible to apply a constant offset to the complete stimulation
paradigm.
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Modify all programmed

Amplitude [%]
amplitudes

10 =4
Offset [mv]

Apply offsetto = ¢ = Toggle continuous
[=-]

programmed pulse repeat
@
Load/Save/Clear ejg. [d Select Start condition
stimulation pulse ® ‘/ for stimulation unit
Download | s
stimulation paradigm l Dacqn
Digitalingut

Feedback

Stimulation pulses can be applied once, as programmed, or repeated till manually stopped, if the Loop
Stimulus function is active. Once programmed, stimulation paradigms can be saved and reloaded. Stimulation
paradigms are saved as *.xml files. Each Stimulation unit can also generate external Tigger events, in addition
to the internal triggers which are generated with each individual stimulation pulse in any case. In the data
source, digital Out bits can be assigned to each stimulator instrument, you have to select a different bit for
each of the three stimulation units (see 5.2.4.1, Digital Out Bit Selection). The TTLs will be generated on the
Digital Out connectors on the Interface Board or the DI/O box, respectively.

The Start condition for each Stimulation unit can be selected from a drop down menu. Start can be either on
manual command, with start of the Data Acquisition, on an external TTL on the Digital Inputs on the Interface
Board, or controlled by the Real Time Feedback (please see chapter 5.2.3.4, Real Time Feedback). If Feedback
or Digital Input are selected, additional options appear to select the Digital Input bit, and to set how to handle
repeated start commands.

JL -
Feedback

@ - Stop

~ Ignore

@ Restart

Gate

A repeated Start trigger, either external or from the RTF, while a stimulation is running can either:

e stop the current stimulation.

e beignored.

e restart the stimulation paradigm.

e be used as a Gate. Gate means the Stimulation will be applied as long as the Start Trigger condition is
fulfilled. This can either be as long as an external TTL is HIGH, or as long as the RTF condition is
fulfilled, and the resulting trigger event continues.

All changes in the stimulation paradigm must be downloaded to the MEA/ME2100-System device. If the
Download icon is grey, no changes have been made since the last download.

A stimulation paradigm can be assembled from predefined waveforms, so called Primitives. The primitives can
simply be dragged to the stimulation window. Please also see movie for illustration. To delete a primitive, drag
it to the trash bin. Click on any primitive in the stimulation window to open the respective controls. There is
one display for the selected primitive, and one for the complete stimulation paradigm. The selected primitive is
highlighted in the Stimulation paradigm display and the Stimulation window, and the respective controls are
available.
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Define Stimulus 3

PP Amp [mV] 300 Eli

Periode [us] 10000 = Phase[] |0 =
Cycles 6 :

181 [ms] 0 = Primitive controls
PP Amp [mV] 4 =

Periode [us] 40 :

Stimulation
window

The following primitives are available:

Flat Line

aaink

-

{}

Aflat line usually defines a break between two stimulation pulses. The controls allow to set a duration and an
offset with an amplitude in mV.

h m 5 ms us
Duration o = Hls Hoxdo =
Amplituge [mV] [0 =
= @ 1.000 2000
Sine Wave
— N [ Y] {3

A sine wave stimulation can be defined by amplitude and period. A phase shift of 90, 180, 270 or 360° can also
be selected, as well as a number of cycles (repeats) with an inter stimulus interval (ISI). If the number of cycles
is >1, the advanced settings become available. Advanced settings allow to change the pulse parameters with
each cycle. In the example below, there will be ten consecutive sine waves without ISI, each wave will have an
amplitude 200 mV larger than the one before.
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Rectangular Pulse

— N 7 e O

Rectangular pulses are the most commonly used stimulation pattern on MEAs. It's recommended to use
biphasic, charge balanced pulses with the negative phase first. A rectangular pulse can be defined by
amplitude and duration, independently for both phases. A break between the phases can also be selected, as
well as a number of cycles (repeats) with an inter stimulus interval (ISI). If the number of cycles is >1, the
advanced settings become available. Advanced settings allow to change the pulse parameters with each cycle.
In the example below, there will be three consecutive pulses with 100 ms ISI, each pulse will have an amplitude
200 mV larger, and a duration 100 ps longer than the one before.

Amplitude [mV] [1000 =] 000
Duration[us] [100 = [e0 = i =

Cycles 3 El:
151 [ms] 100 33
Smplitude V] [200 =] 20 -
Duration [ps] |1DD :I |D| ::I |1DD ::I

= @

1.000 -

500 -

Ramp

— N7 e

A ramp can be defined by amplitude rising and falling flank, and plateau, as well as a number of cycles
(repeats) with an inter stimulus interval (ISI). If the number of cycles is >1, the advanced settings become
available. Advanced settings allow to change the pulse parameters with each cycle. In the example below,
there will be five consecutive ramps with 100 ms ISI, each ramp will have an amplitude 10 mV smaller, and a
plateau 200 ps longer than the one before.

Amplitude [m\] 100 E|i

Duration [is] ~ [1000 =4 [1000 =4 [1000 —H

Cycles 5 El:

151 [ms] 500 =

Amplitude [mV] -10 3:

Duration [us] [0 =l o =
= @
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Custom Waveform

— N7 e

To generate a custom waveform, it’s possible to import an ASCII file, and modify it in terms of amplitude. If
more than one cycle is selected, amplitude steps are also possible. In the example below, there will be three
consecutive repeats of the imported waveform with no ISI, each signal will have an amplitude 50 % larger than
the one before.

Import |
Ampl [%] |0 Eﬂ
200.000
Cycles |2 = 100.000 4§
Simel o = ¥
-100.000
-200.000
Ampl ][0 =
H @

To use, for example, a biological signal as stimulation pulse, the signal needs to be converted to ASCII with a
certain format. After that, the ASCII file can be imported to the primitive by clicking the Import button. The
following format is mandatory for the ASCI! file:

Voltage Mode Current Mode

Time stamp Voltage Time stamp Current
Time stamp Voltage OR Time stamp Current
Time stamp Voltage Time stamp Current

" stimulation... — =] x |

Datei Bearbeiten Format Ansicht
?

bezoe o ~
68900 -1341

69000 -2384

69100 -298

69200 -894

69300 @

69400 -149

69500 447

69600 -2831

69700 -3129

69800 -1788

The unit for the time stamp is ps and for the voltage/current value pV or nA. The units are not part of the file.
Only integers are accepted and commas, tabulators or spaces to separate the time stamp and the voltage /
current value. Remove all possible headers and use a new line for each integer pair.

Brackets

— N 7 e

Brackets are not a waveform, but allow to introduce repeats to parts of the complete stimulation paradigm. If
you drag the bracket icon into the paradigm, it will appear as a separated pair of brackets. If you drop a
primitive on the second bracket, it will appear inside the brackets.
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If you drop the primitive on the first bracket, it will appear before the brackets.

Cycles 3 3:

-2

200 300

(= 0
ML= =P = v

Pairs of brackets can be used in series, one after the other, or also as brackets within brackets. The sequence
will be executed by the same rules as a mathematical operation. Click on each pair of brackets to select the
number of cycles for the complete sequence of primitives within the brackets.

Primitive Defaults
Each primitive has certain default values. However, for each primitive, the Set primitive as default function is
available.

—

This function will temporary set the currently selected parameters as default for a certain primitive type. This
can be useful if a specific pulse is to be used repetitively in a pulse paradigm. For example, if a rectangular pulse
with +/-3V / 200 ps is required repetitively, drag the rectangular pulse primitive to the stimulation window as
usual. It will open with the standard default values. Change the settings as needed, and click Set primitive as
default. The next rectangular pulse primitive dragged to the stimulation window will have the selected
parameters as default.

Each stimulator will automatically generate triggers for start and stop of each individual pulse on its trigger
output (pink port). In addition, it is possible to add a Marker to the stimulation paradigm, which can be
activated or deactivated individually for each primitive.

The Marker can be used for internal triggering, or to generate external TTL pulses from the Digital Out ports on
the Interface Board. Select the DigOut port bit for any stimulator unit in the data source, you have to select a
different bit for each of the three stimulation units (see 5.2.4.1, Digital Out Bit Selection). Please note, bit 0
refers to the Lemo connector Digital Out 1 on the IFB, bit 1 to Digital Out 2 and so on. Bits 4 and up are only
accessible if the DI/O extension is used. Select a primitive, by default the Marker is inactive. Click on the Marker
icon to open the Set Marker Signal menu and activate the Marker tick box. The icon will change to indicate the
active Marker.
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Duration [us] ’m

Close

The Marker by default is generated at the beginning of each primitive. The duration of the Marker and a
positive offset in relation to the beginning of the primitive can be set. The Marker is shown in yellow.

e Set Marker Signal n

Marker [v
Repeat r

Offset [us] 0 =
Durstion [ps] 4 =

If the Repeat tick box is selected, the Marker will be generated not only at the beginning of the primitive, but at
the beginning of each pulse within the primitive. Duration and Offset settings apply to all markers.

o Set Marker Signal ﬂ

Marker v
Repest o

Offset [s] 0 =
Durstion [ps] 40 3:

Close
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Stimulator List Mode (SLM) allows the automated application of a list of predefined stimulation electrode
patterns. The patterns are applied one after another after the start signal. The pattern list may be repeatedly
applied depending on the Loop setting. The same stimulation pulse is applied to each of the patterns.

Attention: List Mode is currently only available for MEA2100-60/2x60/120/256 headstages. It only works for
single well MEA layouts.

The List Mode can be toggled via the List Mode button in the Stimulator control window. If enabled, a panel is
made visible to the right of the electrode layout.

Stimulator

MEA2100 Stimulator

Stimulator: MEA2100

X X> O
60MEA100/10

21 |31 # 51 61 T

12 22 32 42 B2 82 T2 82
13 23 33 43 53 63 73 83
Clene | AddNewl
14 24 34 44 B4 64 T4 B4
Remove |
26 35 45 BB 65 75 85
Save | Load |
16 26 36 46 56 66 76 @86

W Loop infinite v

Download

28 38 45 53 (88 [7¥8
Restart |

17 27 37 47 b7 6&F 77 &7

List Mode

Each entry in the list defines one pattern and can contain a single or multiple selected stimulation electrodes,
for one or more stimulators (green, blue, red). The list shows entries in numbered order with the number of
selected electrodes for each stimulator in parenthesis. When an entry in the list is selected the electrode
pattern for all stimulators is shown. Due to restrictions of the internal memory, the number of list entries is
limited to 256.

60MEA100/10 GOMEA100/10 GOMEA100/10

2P(222)
3:P(3,4,4)
21 (3 &1 51 61 T 21 3 4 5 (617 21 3 M 51 81 T
12 2 32 42 B & 72 82 12 2 R 2 2 8 12 82 12 2 @ 2 s & 72 8
13 23 33 43 53 & 73 83 13 23 33 43 53 63 73 83 13 23 33 43 53 63 73 (83
Clone Add New Clone Add New Clone Add New
14 24 34 (44 (B4 B4 T4 B4 14 24 34 (44 54 B4 T4 B4 14 24 34 48 54 64 T4 (84
Remove Remove Remove
25 35 45 55 85 75 85 25 35 45 55 65 75 B85 2% 35 45 (55 85 75 (85
Save Load Save Load Save Load
16 26 36 45 66 66 76 66 16 26 36 46 56 66 76 66 16 26 3 45 55 65 75 (88
V¥ Loop infinite ¥ Loop infinite = ¥ Loop infinite v
17 2T 3 47 57 &1 T & 17 27 37 47 &1 & 71 & 17T 27 37 47 5T 6 7T 87
Dewnload Download Download
28 38 48 58 (68 /(78 26)(38 ) 48 56 G878 28 33 48 56 88 78
Restart Restart Restart
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The functions of the Stimulator List Mode interface are as follows:

e Clone: Add an entry in the list with the same pattern as the currently selected.
e Add New: Add a new entry to the end of the list with an empty electrode pattern.
e Remove: Removes the currently selected entry from the list.
e Save/Load: Saves the pattern list to a file or load from a file (*.Imp). Only pattern files with the same
MEA layout can be loaded. Loading overwrites the current list entries.
e Loop: Determines the switching to the next pattern in the list.
o turned off: only one pattern is applied, until the next trigger occurs
o 1:allthe patterns in the list are applied once, one after the other
o 2,3:allthe patterns in the list are applied one after the other, then the list is repeated two or
three times, respectively
o infinite: the pattern list is applied until the stimulation is stopped
e Download: After each change in the GUI the patterns and loop settings must be downloaded in order
to be activated on the hardware.
e Restart: Resets the current pattern to the first entry in the list.

If SLM is active and an electrode pattern is downloaded, the first pattern of the list is applied when the selected
start trigger occurs. The start trigger is defined in the stimulus pattern of the first (green) stimuluator unit
(Manual, DacgStart, Digital Input, or Feedback). For the other stimulator units, the start trigger selection is
disabled in List Mode. If a trigger occurs while the stimulus pulse is still running, it is ignored. A start trigger will
always start all three stimulator units simultaneously. If more than one stimulator unit is used, the duration of
the longest programmed stimulation pattern determines the end of the stimulation and the switch to the
electrode pattern

If Loop is turned off, the stimulator is halted after the stimulation pattern has ended until the next start trigger
occurs. The next electrode pattern in the list is then preselected and gets applied by the next trigger. If Loop is
turned on, the patterns in the list are automatically applied one after each other (see above). There must be at
least one electrode selected, otherwise the switching to the next pattern doesn’t occur. If the stimulator is
stopped manually, then no switch to the next electrode pattern occurs.

The handling of the stimulus pattern is not changed by the List Mode, with one exception: a stimulation pattern

with inifinite loop is incompatible with the List Mode function. A pattern with infinite duration would prohibit
the switching of the electrode patterns.
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The stimulator of the MEA2100- and ME2100-System has a pink data port for trigger events. These events will
be generated automatically, for each stimulator unit of each headstage there are four events:

Single Pulse Start
Single Pulse Stop
Marker Start
Marker Stop

This means there will be on trigger at the beginning, and one at the end of each pulse, and also at the
beginning and end of each marker. These trigger events can be recorded, and used to control other
instruments, like the Sweeps tool or the Recorder.

STG Evens (1): STG 2 Single Pulse Start ~

STG Events (1): STG 1 Single Pulse Start
STG Events (1): STG 1 Single Pulse Stop
STG Ewents (1): STG 1 Marker Start
STG Events (1): 5TG 1 Marker Stop
STG Events (1): STG 2 Single Pulse Start
STG Events (1): STG 2 Single Pulse Stop
STG Ewvents (1): STG 2 Marker Start
STG Events (1): 5TG 2 Marker Stop
STG Events (1): STG 3 Single Pulse Start
STG Events (1): STG 3 Single Pulse Stop
STG Ewents (1): STG 3 Marker Start
STG Events (1): 5TG 3 Marker Stop

With the Stimulator List Mode function, it is possible to scan through all electrodes of an MEA automatically. To
scan through an MEA in lines with a single stimulator, first program the required stimulation pattern with a
proper pause between the individual pulses for the first stimulator unit (green). Make sure not to activate the
infinite loop function for the stimulator. Then open the List Mode interface and select the first row of
electrodes for stimulation in the first list entry. Then click “Add new” to create a new entry. Select the second
row of electrodes. Repeat this till you have eight list entries with one row each. Set the “Loop” in the List Mode
interface to infinite, and the start condition in the green Stimulator unit to Manual. Download the settings.

As soon as the stimulation is manually started, the programmed pulse will be applied to the first row of

electrodes. After the pulse is over, including the pause, the pattern switches to the next row and continues.
Stimulation will be applied till manually stopped.
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J—L SCU Stimulator 8011

The SCU Stimulator instrument controls the Opto Stim output on the ME2100 and MEA2100-Mini SCU. The
Stimulator instrument becomes available only after a data source has been activated (dragged into the main
window). Each instance of the experimenter controlling one SCU has an independent SCU Stimulator.

The SCU Stimulator has a Trigger data port, which produces Trigger events marking start and stop of the
stimulator and individual pulses. There are no export options.

1

SCU Stimulator

The operation of the SCU stimulator is similar to the MEA2100- and ME2100-System stimulator. Four
stimulator units are available for each SCU.

The four units of the SCU stimulator are color coded in Stimulator 9 , Stimulator 10 blue, Stimulator 11
red and Stimulator 12 . The numbering starts with nine, as potentially four ME2100 or four MEA2100-
Mini headstages with two stimulators each could be connected to each SCU, occupying Stimulator numbers 1
to 8.

Each stimulator has an independent control tab. The programming of a stimulation pattern is achieved by

combining predefined waveforms, so called primitives. Click on a Stimulator unit icon to open the respective
control tab.
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window
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Display of currently
selected primitive

Display of currently
selected SCU
stimulator unit

Stimulus 1

Overlay display for
all SCU stimulators

12 13 14 15 16 17 18

Activity LEDs
Subtraction On/0f: @ @ @ @ Sweeps: 10 sCU: © © O ) LT SCU stipplatars

Data Acquisition (1) |Sweeps (1) scU stimulstor (1)

Stimulator units can be started and stopped independently or simultaneously. Changes in the stimulation
pattern are downloaded automatically if needed.

Stimulator

Stimulator: ME2100

Select Start/Stop
stimulator selected or
unit all stimulator
units

Each Stimulator unit has independent controls to select a start condition, load/save stimulation patterns and so
on. Itis possible to modify the programmed amplitude of all pulses in a pulse pattern by a certain percentage
with a single up down window. Likewise, it is possible to apply a constant offset to the complete stimulation

paradigm.
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Feedback

Stimulation pulses can be applied once, as programmed, or repeated till manually stopped, if the Loop
Stimulus function is active. Once programmed, stimulation paradigms can be saved and reloaded. Stimulation
paradigms are saved as *.xml files. Each Stimulation unit can also generate external Tigger events, in addition
to the internal triggers which are generated with each individual stimulation pulse in any case. In the data
source, digital Out bits can be assigned to each stimulator instrument, you have to select a different bit for
each of the four stimulation units (see 5.4.6.1 Digital Out Bit Selection). The TTLs will be generated on the
Digital Out connectors on the Interface Board or the DI/O box, respectively.

The Start condition for each Stimulation unit can be selected from a drop down menu. Start can be either on
manual command, with start of the Data Acquisition, on an external TTL on the Digital Inputs on the Interface
Board, or controlled by the Real Time Feedback (please see chapter 5.2.3.4, Real Time Feedback). If Feedback
or Digital Input are selected, additional options appear to select the Digital Input bit, and to set how to handle
repeated start commands.

JL -
Feedback

G - Stop

~  lgnore

@ Restart

Gate

A repeated Start trigger, either external or from the RTF, while a stimulation is running can either:
e stop the current stimulation.
e beignored.
e restart the stimulation paradigm.
e be used as a Gate. Gate means the Stimulation will be applied as long as the Start Trigger condition is
fulfilled. This can either be as long as an external TTL is HIGH, or as long as the RTF condition is
fulfilled, and the resulting trigger event continues.

All changes in the stimulation paradigm must be downloaded to the MEA/ME2100-System device. If the
Download icon is grey, no changes have been made since the last download.

A stimulation paradigm can be assembled from predefined waveforms, so called Primitives. The primitives can
simply be dragged to the stimulation window. Please also see movie for illustration. To delete a primitive, drag
it to the trash bin. Click on any primitive in the stimulation window to open the respective controls. There is
one display for the selected primitive, and one for the complete stimulation paradigm. The selected primitive is
highlighted in the Stimulation paradigm display and the Stimulation window, and the respective controls are
available.
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Define Stimulus 3

PP Amp [mV] 300 Eli

Periode [us] 10000 = Phase[] |0 =
Cycles & El:
151 [ms] 0 = Primitive controls

PP Amp [mV] 4 Eli
Periode [ps] 40 Eli

Stimulation
window

The following primitives are available:

Flat Line

=[]l

A flat line usually defines a break between two stimulation pulses. The controls allow to set a duration and an
offset with an amplitude in mV.

h m 5 ms us
Duration lo =0 =3 == =
Amplide [V [0 =
H © o 1000 2000

Rectangular Pulse

—i[n ]l

Positive, rectangular pulses can be used to control external light sources. A rectangular pulse can be defined by
amplitude and duration. A break between the phases can also be selected, as well as a number of cycles
(repeats) with an inter stimulus interval (ISl). If the number of cycles is >1, the advanced settings become
available. Advanced settings allow to change the pulse parameters with each cycle. In the example below,
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there will be ten consecutive pulses with 10 ms ISI, each pulse will have an amplitude 100 mV larger, and a
duration 2 ms longer than the one before.

Amplitude [mV] [1000 =] 400,
Duration: o =Hs i Hm o =Hus 200
Cycles = 000
15! fms] e = *
Amplitude [mv] [100 =

Duration Difference
+ Stretch Reduce

Duration: |D ::I 5 |2 ::I ms |D ::I us
= @

Brackets

—iLn ]l

Brackets are not a waveform, but allow to introduce repeats to parts of the complete stimulation paradigm. If
you drag the bracket icon into the paradigm, it will appear as a separated pair of brackets.
If you drop a primitive on the second bracket, it will appear inside the brackets.

— %

If you drop the primitive on the first bracket, it will appear before the brackets.

Pairs of brackets can be used in series, one after the other, or also as brackets within brackets.
The sequence will be executed by the same rules as a mathematical operation. Click on each pair of brackets to
select the number of cycles for the complete sequence of primitives within the brackets.

== == o] =

Primitive Defaults
Each primitive has certain default values. However, for each primitive, the Set primitive as default function is
available.

—

This function will temporary set the currently selected parameters as default for a certain primitive type. This
can be useful if a specific pulse is to be used repetitively in a pulse paradigm. For example, if a rectangular pulse
with +/-3 V /200 us is required repetitively, drag the rectangular pulse primitive to

the stimulation window as usual. It will open with the standard default values. Change the settings as needed,
and click Set primitive as default. The next rectangular pulse primitive dragged to the stimulation window will
have the selected parameters as default.
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Each stimulator will automatically generate triggers for start and stop of each individual pulse on its trigger
output (pink port). In addition, it is possible to add a Marker to the stimulation paradigm, which can be
activated or deactivated individually for each primitive.

The Marker can be used for internal triggering, or to generate external TTL pulses from the Digital Out ports on
the Interface Board. Select the DigOut port bit for any stimulator unit in the data source, you have to select a
different bit for each of the three stimulation units (see 5.2.4.1, Digital Out Bit Selection). Please note, bit 0
refers to the Lemo connector Digital Out 1 on the IFB, bit 1 to Digital Out 2 and so on. Bits 4 and up are only
accessible if the DI/O extension is used. Select a primitive, by default the Marker is inactive. Click on the Marker
icon to open the Set Marker Signal menu and activate the Marker tick box. The icon will change to indicate the
active Marker.

Marker inactive Marker active
for selected for selected
pimitive pimitive

|g @ I Set Marker Signal
IJ—I Marker ':L\\,
|J_I Repeat
Offset [us] 0 3:
Duration [ps] 100 3:

Close

The Marker by default is generated at the beginning of each primitive. The duration of the Marker and a
positive offset in relation to the beginning of the primitive can be set. The Marker is shown in yellow.

Set Marker Signal
Marker v
Repeat r
Offset [us] 0 3:

Duration [us] 5000 3:
Close

If the Repeat tick box is selected, the Marker will be generated not only at the beginning of the primitive, but at
the beginning of each pulse within the primitive. Duration and Offset settings apply to all markers.

Set Marker Signal
Marker v
Repeat ¥
Offset [us] 0 3:

Duration [ps] 500 3:
Close
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The SCU stimulator has a pink data port for trigger events. These events will be generated automatically, for
each stimulator unit there are four events:

Single Pulse Start
Single Pulse Stop
Marker Start
Marker Stop

This means there will be one trigger at the beginning, and one at the end of each pulse, and also at the
beginning and end of each marker. These trigger events can be recorded, and used to control other
instruments, like the Sweeps tool or the Recorder.

STG Events (1): Scu 5TG 1 Single Pulse Start ‘M

STG Events (1): Scu STG 1 Single Pulse Start
STG Events (1): Scu 5TG 1 Single Pulse Stop
STG Events (1): Scu STG 1 Marker Start
STG Events (1): Scu STG 1 Marker Stop
STG Events (1): Scu STG 2 Single Pulse Start
STG Events (1): Scu STG 2 Single Pulse Stop
STG Events (1): Scu 5TG 2 Marker Start
STG Events (1): Scu 5TG 2 Marker Stop
STG Events (1): Scu 5TG 3 Single Pulse Start
STG Events (1): Scu STG 3 Single Pulse Stop
STG Events (1): Scu STG 3 Marker Start
STG Events (1): Scu STG 3 Marker Stop
STG Events (1): Scu STG 4 Single Pulse Start
STG Events (1): Scu 5TG 4 Single Pulse Stop
STG Events (1): Scu STG 4 Marker Start
STG Events (1): Scu STG 4 Marker Stop
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|| W2100 Stimulator A

The W2100-System Stimulator instrument controls the optical or electrical stimulation outputs of W2100-
System headstages with stimulation capabilities. The Stimulator instrument becomes available only after a
W2100-System data source has been activated (dragged into the main window). Each instance of the
experimenter with a W2100-System has an independent Stimulator.

The Stimulator has a Trigger data ports, which produces Trigger events marking start and stop of the stimulator
and individual pulses. There are no export options.

vl

W2100 Stimulator

If more than one headstage with stimulation capabilities, either optical or electrical, is selected in Multi
Headstage Mode, the Stimulator tool will display multiple tabs with the respective serial numbers. It is possible
to control each headstage independently.

W2100 Stimulator

)

e o fp— Select Headstage

The Start and Stop options are identical for optical and electrical stimulation. Each stimulation channel can be
enabled with a tick box. Only enabled channels are active.

Channel 1 Channel 2

I Enabled I Enabled
Start Delay a0 ‘ us ™ Display Start Delay 80 | ps v Display

min

Start Manual ~ Start Dig In Bit0
s
ms

Stop Manual v e Stop Dig In Bit0

/| Continuous Made
Download . . | Load | | Save |

A start delay can be set individually for both channels. This allows a time offset between the two channels, but
also in relation to the start commend. The start command can be Manual, or a TTL pulse on any selected bit of
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the Digital In Channel. A manual start command always affects both stimulation channels, while both channels
can be started and stopped on separate TTLs. Either the rising or the falling flank of the TTL can be used as
Start/Stop signal. This allows for example the use of a TTL as a gate trigger for the stimulation channels, as
shown above for Channel 2. An incoming start signal while the stimulator is still running will be ignored. In
Continuous Mode, the programmed pulse is repeated till manually stopped.

A stimulation paradigm needs to be downloaded before it can be used. Start/Stop is only available while the
data acquisition is running, while Download is only available while it’'s stopped. Two virtual LEDs indicate the
activity of the two stimulation channels. Stopping the data acquisition will also stop the stimulator.

If a headstage with electrical stimulation capabilities is selected, the stimulator control window will display two
tabs, Basic and 10-Curve.

In the Basic tab, the stimulation paradigm for the two available stimulation channels can be programmed. Only
rectangular current pulses are available. The Pulse Form can be selected individually for each channel from a
drop down menu (pos/neg, neg/pos, only positive, only negative). If identical but inverted pulses without time
offset are programmed for both stimulation channels, this results in a bipolar stimulation.

'W2100 Stimulator

TS

Basic | 10-Curve

W2100 Stimulator

‘W2100 Stimulator  Electrical Stimulation

Channel 1 Channel 2

DAQ Sample Rate: 10000 Hz

All time values are multiples of 40 us due to the intemal time resolution of the stimulator.
The values entered are automatically adjusted

Pulse Amplitude 200| pA If you use the Stimulater events, make sure that the pulse length is longer than 0,1 ms (the time of one sample),

otherwise events may be missed.

Pause Duration 5~

Repeat

Forrr

Pulse Duration

Pause Duration

Repeat

Pause Duration

Repeat

Stop immediately after last Pulse

Stop immediately after last Pulse

Channel 1 Channel 2

| Enabled /| Enabled

Start Delay ps ~ | ¥ Display Start Delay ms ~ | [+ Display

Start Manual  ~ Start Manual  ~

Stop Manual  ~ Stop Manual  ~

/| Continuous Mode

Data Acquisttion| W2100 Stimulator|

DAQ Time: 00:00:21

Stimulator: Recording Time: 0

Amplitude, duration and inter pulse interval can be selected individually for each channel. Furthermore, a pulse
train can be repeated a number of times, with a pause in between. Once programmed, a pulse paradigm can be
Saved/Loaded as *.nsf file.

The programmed stimulation paradigm for both channels is shown in overlay in the stimulation display, green
for Channel 1 and blue for Channel 2. It’s possible to skip the inter pulse interval and pause between trains at
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the end of the stimulus paradigm and stop immediately by activating the Stop immediately after last pulse tick
box. Each stimulation channel can be selected to be enabled or disabled with a second tick box. In Continuous
Mode, the programmed pulse is repeated till manually stopped. A start delay can be set individually for both
channels. This allows a time offset between the two channels, but also in relation to the start command.

A stimulation paradigm needs to be downloaded before it can be used. Start/Stop is only available while the
data acquisition is running, while Download is only available while it’s stopped. The green/blue virtual LEDs in
the Stimulator window and in the lower Main Menu indicate ongoing stimulation on stimulation channels one
and two, respectively.

The I0-Curve is displayed only, but is applied to all enabled channels with the user defined Start Delay. For the
10-Curve, the highest and lowest value can be selected, and the software automatically calculates ten steps in
between. These ten steps can be applied once, or repeatedly. The Pulse Form for the I/O-Curve can be selected
from a drop down menu (pos/neg, neg/pos, only positive, only negative). Different stimulation amplitudes will
be applied either linear, from lowest to highest value, or shuffled. Start, Stop and Repeat option are identical to
the Basic mode.

‘W2100 Stimulator ~ 1 x
© W2100 Stimulator
‘W2100 Stimulator  Electrical Stimulation

Basic | 10-Curve

Pulse Form DAQ Sample Rate: 10000 Hz

All time values are multiples of 40 s due to the internal time resolution of the stimulator.

min, Pulse Amplitude pAll The values entered are automatically adjusted

If you use the Stimulator events, make sure that the pulse length is lenger than 0,1 ms (the time of one sample), otherwise events may be missed.
max, Pulse Amplitude | 100 ¥ | wA

1]:1

60 30 80 20 70 90 100 40 10 50

Shuffle

Pulse Duralinnk 200 | ps

Pause Duration 1 s

Repeat

Time (s)

Again, an I0-Curve needs to be downloaded before it can be used. Start/Stop is only available while the data
acquisition is running, while Download is only available while it’s stopped. The green/blue virtual LEDs in the
Stimulator window and in the lower Main Menu indicate ongoing stimulation on stimulation channels one and
two, respectively.
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If a headstage with optical stimulation capabilities is selected, the stimulator control window will display only
one tab.

W2100 Stimulater

© W2100 Stimulator
'IJ-L W2100 Stimulator  LED Stimulation

Channel 1 Channel 2
2nne 2nne DAQ Sample Rate: 10000 Hz
I—I_ ulse Amplitude 0] mA I_I_ Pulse Amplitude ma Al time values are multiples of 40 ps due ta the internal time resolution of the stimulator.
. The values entered are automatically adjusted.
M ulse Duration 00| ms M Pulse Duration 300| ms i
If you use the Stimulatar events, make sure that the pulse length greater than 0,1 ms (the fime of one sample), otherwise events may be
[ Powsepwmton | o L Powsemvmton | =
ause Duratio 0| mse ause Duratio 30| mse
Repeat 5 Repeat 3
nn Pause Durstion = nn Pause Durat .
Repeat 2 Repeat
stop immediately after last pulse stop immediately after last pulse

Channel 1 Channel 2

' Enabled | Enabled

Start Delay 0| | ms | Display Start Delay 2 < v | [V Display

otart Manual ~ start Manual ~

Stop Manual ¥ Stop Manual ¥

I Continuous Mode I

[ J[[= To o]

Data Acquisition| W2100 Stimulator|

N Stimulaton Recording Time: 0 DAQ Time: 00:00:31

In this tab, the stimulation paradigm for the two available optical stimulation channels can be programmed.
Only rectangular positive current pulses are available. If more than one headstage with stimulation capabilities
is selected in Multi Headstage Mode, it is possible to select a headstage by serial number. Amplitude, duration
and inter pulse interval can be selected individually for each channel. Furthermore, a pulse train can be
repeated a number of times, with a pause in between. Once programmed, a pulse paradigm can be Saved /
Loaded as *.osf file.

The programmed stimulation paradigm for both channels is shown in overlay in the stimulation display, green
for Channel 1 and blue for Channel 2. It's possible to skip the inter pulse interval and pause between trains at
the end of the stimulus paradigm and stop immediately by activating the Stop immediately after last pulse tick
box. Each stimulation channel can be selected to be enabled or disabled with a second tick box. In Continuous
Mode, the programmed pulse is repeated till manually stopped. A start delay can be set individually for both
channels. This allows a time offset between the two channels, but also in relation to the start command.

A stimulation paradigm needs to be downloaded before it can be used. Start and Stop is only available while
the data acquisition is running, while Download is only available while it’s stopped. The green or blue virtual
LEDs in the Stimulator window and in the lower Main Menu indicate ongoing stimulation on stimulation
channels one and two, respectively.

Stimulation Current Display

The maximum current which can be set to drive the connected LED is 1000 mA. However, due to a limited
capacity of the attached battery, or a decreasing battery charge, it is possible that the actual current is lower
than the set current. This usually is only a problem for high currents. The W2100-Opto-Headstages measure
the actual current used during optical stimulation. It can be displayed in the independently for both optical
stimulation channels in the Zoom Display of the W2100 Data Source.
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The selected data channel and the current for both stimulation channels are displayed in the same graph, with
individual y-axis. Display for both channels can be toggled.

Opto Stim Current: [l Ch1 M Ch2 200 ma

If the actual current is more than 10% lower the set current, a popup window with a warning is shown.

Warning Warning “

Low stimulation current on the following headstage(s) and channel(s): Low stimulation current on the following headstage(s) and channel(s):
Fi l\_ X401 Channel 1 P l\_ X401 Channel 2

o

The same warning will not be shown again till the W2100 Data Source has been stopped and restarted. The
actual stimulation current is also recorded in the datafile.

The stimulator of the W2100-System has a pink data port for trigger events. These events will be generated
automatically, for each enabled stimulation channel of each active headstage there
are four events:

e  Stimulation Start
e  Stimulation Stop
e Single Pulse Start
e Single Pulse Stop

Stimulation in this case is the whole stimulation paradigm, including all repeats, also in continuous mode.
There will be on trigger at the very beginning, and one at the end of a stimulation. Single Pulse in this case
means a pulse train, with all repeats.

Channel 2

d_l— Pulse Amplitude 200 | pA

Pulse Duration

L]-I— Pause Duration

Repeat

M010 5TG 1 Single Pulse Start q

MO10 STG 1 Single Pulse Start
One pulse MO10 STG 1 Single Pulse Stop
MO10 STG 1 Stimulation Start
MO10 5TG 1 Stimulation Stop
MO10 5TG 2 Single Pulse Start
MO10 5TG 2 Single Pulse Stop
MO10 STG 2 Stimulation Start
MO10 STG 2 Stimulation Stop

o
o/
=
o
=]
E
a
2
E1

Repeat

[ stop immediately after last pulse
Show/Download

There will be on trigger at the beginning, and one at the end of each pulse. The Trigger events can be recorded,
and used to control other instruments, like the Sweeps tool.
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o Recorder

The Recorder is essential to record acquired data. Only one recorder can be used in an experiment. All data
streams which are directly connected to the Recorder will be recorded. Data from instruments not connected
to the Recorder will be lost. Please also see movie for illustration.

The Recorder has a unique input port which accepts connections from all other ports in unlimited number. One
file is generated containing all connected data streams. There are no direct export options.

O

Recorder

The Recorder is mandatory to record data. The simplest experiment would consist of the Data Source
connected to the Recorder. The default file path is set in the Main Window settings. A file name is generated
from a random file core, and an optional pre and/or postfix. If the same file name is used repetitively, nothing
will be overwritten. Instead, the second, third and so on file with the same name will additionally be labeled
with 0001, 0002...at the end of the file name. A number of files with meta information, like instrument settings,
will be generated with each recording. The actual data is in the *.msrd file (please see chapter 4.3, File Types).
All recorded data streams are listed.

The “All in one File” tick box is relevant for W2100 in Multi Headstage Mode, ME2100 and MEA2100-Mini in

Single Instance Mode or Multiwell MEAs. If “All in one File” is selected, data from all headstages/wells is stored
in a single data file. Otherwise, one *.msrd file per headstage/well is generated.
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Recorder (1)

Recorder
o Recorder

Data Filz Path: DAMCS\MC suite\Data  File Path; change in main Menu/Settings
File Name: ~CorticalNeurons

Description: |

The file name is generated from a optional automatic pre- and suffix, and

Actual File Name: 2010-06-19-CorticalNeurons. ma
a user defined file name core. A short description may be added.

Number Suffix on first File[/] All In one File
AllIn one File

Trigger Recording:
Start Stop

® Manual ® Manual

) Event Feedback Events (1): Feedback 10n ~ Event Feedback Events (1); Feedback 10n ¥ f

O Eve : ) Eve "
eedback Events (1): Feedback 10n ‘eedback Events (1): Feedbac) i

O Timer Start after: El 5' ) Timer Duration: 100 l:l

Recorded Data Streams:

Instrument Stream

Data Acquisition Electrode Raw Data (1)
Filter Filter Data (1) All datastreams connected to the
Data Acquisition Feedback Events (1) Recorder are shown. Streams not
Stimulator STG Events (1) on this list won't be recorded.
Data Acquisition Analog Data (1)

The Start and Stop condition for recording can be a Manual command, an Event or a Timer. Data can only be
recorded if the Data Acquisition is running. Manual Start or Stop commands are given with the Recording
button in the main window:

"' Recording Off Standby . Recording On

If the Start condition is Manual, and the DAQ is running, the recoding will start immediately once the Recording
button is pressed. If the DAQ is stopped, the Recorder will go to Standby till the DAQ is started

Likewise, if the recorder should be started on an Event, the Recording needs to be set to Standby manually. It
will remain so till the Start Event starts recording. If the start condition is Timer, the recording will start the
selected time after giving a manual start command.

Start Stop

) Manual ) Manual

@) Event Digital Events (1) v @ Event Digital Events (1) = |

I Digital Events (1) P
() Timer () Timer Duration: 100
TriggerGenerator (1)

Digital Events (2)

Events can be generated by the Digital Event Detector or the Trigger Generator, for example. Both instruments
can be present multiple times in an experiment and generate multiple options for start and stop commands.

Stopping the recorder manually can have two effects: if the Start condition is also Manual, the Recorder will be
Off. If the start condition is an Event, it will go to Standby, and wait for the next start command. Likewise, if a

recording is stopped by an Event or a Timer, recording will be Off or in Standby afterwards, depending on what
the Start condition is.

This section highlights a few common uses of the Recorder.
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Multi Channel Experimenter (instance: 1) - -8
¥ Save Experiment | | ¥ Save Experiment As

mi

| £ 1000 expeniment

Recorder (1) B % | Digita Event Detector (1)

ta Sources o v

Recorder

Stimulators

General

\ \ Deseription:

Acheal Fie Name:  WicsRecording2016-08-22

Trigger Recarding

Start stop

Events: 25070GB  Recording Time: 0 DAQ Time: 00:14:05

In the experiment above, the blue electrode data port and a pink Trigger port are connected directly to the
Recorder. The red digital data port is connected to a Digital Event Detector instrument (please see chapter
5.17, Digital Event Detector), which will generate Trigger events based on TTL inputs to the Digital In
connector 1 on the Interface Board. The trigger events will also be recorded, as the pink trigger output port is
connected to the Recorder. The digital channel itself will not be recorded, as it is not connected directly to the
Recorder. The recording is set to Standby. Each TTL applied to the Digital In 1 of the IFB will generate a Start
command for recording. The system will record for 30 s, as the Stop command is Timer/30s. After 30's, the
Recording go will go back to Standby and wait for the next Start command. This will continue till manually
interrupted.

Multi Channel Experimenter (Instance: 1) - -4
A Lo Fapsnmﬁm‘ ‘i Save F\(pﬂ\mem‘ ‘i Save Experiment As. |

Recoder (1) B % | Gigital Event Detector 1) B | bigital Evemt Datector (2)

Digital Event Detector

A
—
P |
Stop

Events: 25070GE  Recording Time: 0 DAQ Time: 00:1405

In the experiment above, the blue electrode data port and two pink Trigger ports are connected directly to the
Recorder. The red digital data port is connected to two Digital Event Detector instruments (see chapter 5.17,
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Digital Event Detector), which will generate Trigger events based on TTL inputs to the Digital In connector 1 on
the Interface Board. The trigger events will also be recorded, as the pink trigger output ports are connected to

the Recorder. The digital channel itself will not be recorded, as it is not connected directly to the Recorder. The
recording is set to Standby.

Each TTL applied to the Digital In 1 of the IFB will generate a Start command for recording on the rising flank of
the TTL (Digital Event Detector 1), and a Stop command on the falling flank of the same TTL (Digital Event
Detector 2). As an effect, data will be recorded as long as the TTL on the Digital In 1 of the Interface Board is
HIGH. This will continue till manually interrupted.
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v
@ Trigger Generator

The Trigger Generator can generate trigger events independently from an external input. This can be
controlled by a timer, or by a manual input. The generated events can be used to control all other instruments
with a trigger input. More than one Trigger Generator can be used in one experiment, and more than one
instrument can be connected to each Trigger Generator.

The Trigger Generator has a blue Electrode Raw Data input and a pink Trigger output. The Electrode Raw Data
input is necessary to get a timing signal from the Data Source. Without that input, the instrument is not
functional. There are no direct export options.

Trigger Generator

The Trigger Generator has three different options to generate events, Periodic, List based and Manual.

Trigger Generator (2) Trigger Generator (1) Trigger Generator (3)

igger Generator Trigger Generator

Repeats ok min : ms || Generate Trigger |I
500

Wait: 1

1
2
3 1 Attention: The Trigger Generator uses the time from the Data
4 10 Acquisition.

5 30) Time 0:00:00 is defined by the start of the Data Acquisition

6

7

g

9

0

12| 1 | Enteral

4]

Attention: The Trigger Gen: es the time from the Data Event
Acquisition

Time 0:00:00 is defined by the start of the Data Acquisition

2 | Leave At

Event

3 | EnterA2

Event

Attention: The Trigger Generator uses the time from the Data
isition,

4 | Leave Az Event

Time 0:0000 is defined by the start of the Data Acquisition

5 | EnterA3

Event

6 | Leave A3

Event

7 | Enterad Event

8 | Leaverd Event

The time base is always the start of the Data Acquisition. A periodic list of events can be generated
continuously, or a predefined number of times, with or without a delay in relation to the DAQ start. It’s also
possible to generate a random list of time stamps at which a trigger should be generated.

At the example above, events are generated at increasing intervals between 500 ms and 24 h after start of the
DAQ. The third option is to generate events manually on mouse click. One unlabeled trigger is available
(Generate Trigger). Alternatively, eight independent manual buttons are available to generate events, which
will show up with the respective label when opening the data file in the Multi Channel Analyzer.
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This section highlights a few common uses of the Trigger Generator.

Multi Chinnel Experimentar (instance: 1) - S

]
[®] [P swnora [ tosa xpermens | [ & sove xpermen: | [ & sove permentas
=

Trgger Generator (1] B % | pecorderm)

Recorder

CutaFiePath  CAMCHNG SuiteiData

st stop

[f= e ] o [oemn =

e

Recerded Data Sweams

Recarding Time: DAQ Time:

In the experiment above, the blue electrode data port and a pink Trigger port are connected directly to the
Recorder. The Electrode Raw Data port is also connected to a Trigger Generator instrument. Events will be
generated every 2 hours, seven times in total (14 h). Every event will trigger a 10 min recording period. File
names will contain the time of the recording.

Multi Channel Experimenter (Instance: 1) -

'
« a
o

x| [

]
[®] [ swricac| [@ recoramgort
=

5o

el P Name: 2017-08.31T13-28-48Meseceding

T Recorsog:

— ] | ot o =

Recorded Data Sreams:

TR Digital Event Detector
T Z

=y

e

[Dota Acquistion| Recordes 1]

In the experiment above, the blue electrode data port and a pink Trigger port are connected directly to the
Recorder. The Electrode Raw Data port is also connected to a Trigger Generator instrument. Recording of
continuous data is controlled manually. Eight labeled events will be generated on every manual mouse click on
the respective button during recording. These events can mark certain time stamps in the file and can be used
in the Multi Channel Analyzer to navigate the file.
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The Sweeps instrument is supposed to record short segments of data (sweeps) around a trigger event. More
than one Sweeps instrument can be used in one experiment and more than one instrument can be connected
to each Sweeps tool. The Sweeps tool is most often used to record the response to an electrical or optical
stimulation, where the trigger marks the time stamp of stimulation. Please also see movie for illustration.

The Sweeps instrument has a blue Electrode Raw Data input and a pink Trigger input. The Electrode Raw Data
input provides the data, and the trigger is the reference signal to generate the data segment. Without both
inputs, the instrument is not functional. The outputs are a cyan Sweeps (individual segments) and a purple
Averages (averages of multiple segments) data stream, which can be connected to a Sweep Analyzer and the
Recorder. There are no direct export options.

The Sweeps tool has two tabs, Sweeps and Averages, corresponding to the two output ports. The Sweeps tab
shows the selected data segment around each trigger event for all channels. The maximum size of a sweep can
be selected in a range from 50 ms before till 1000 ms after the trigger. The trigger signal which should be used
as reference point can be selected from a drop down menu. The Stimulator tool for example will provide
different Trigger options, while the Trigger Generator will provide only one.

Dotn Acquisition 1) Stimulstor (1) Sweess (1)]

Swaeps: 1:16 ftimustor: @ @ Recording Time: 0 DAQTime: 000115
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The time base (time 0) is always the selected trigger event. The number of sweeps generated since start of the
data acquisition is counted, optionally also in the status bar.

The Averages tab allows to automatically average a number of sweeps (N), which can be selected between 2
and 20 from a drop down menu. The result is shown just as an averaged trace, or as Mean +/- SD (standard
deviation). Two options are available for the average function, Moving Average or Sum up / Reset.

Moving Average means that the selected number of sweeps will be averaged and shown. If more sweeps come
in, then always the latest sweep will be added to the average, and the oldest one will be removed instead. If for
example N is five, then the first average will be from sweeps 1 - 5, the second one from 2 - 6, then 3 - 7 and so
on.

In Sum up / Reset mode, N sweeps are averaged, then the averaging starts new with sweep N+1. Again, with an
N of five, the first average will be from sweeps 1 - 5, the second one from 6 - 10, then 11 - 15 and so on.
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Q Sweep Analyzer

The Sweep Analyzer instrument can analyze sweep data and averages generated by the Sweeps tool. The
Sweep Analyzer is most often used to analyze the response to an electrical or optical stimulation, where the
trigger marks the time stamp of stimulation.

The Sweep Analyzer has a cyan sweep data input, a purple averages input and no outputs. Analysis parameters
can be exported as ASCII data, see 4.7. Only one of the two inputs can be used at a time.

Sweep Analyzer

The Sweep Analyzer has two tabs, Raw Data and Parameter. The Raw Data tab shows the sweeps send from
the Sweep Explorer with the Explore function and allows to define a region of interest (ROI) for the analysis. To
define a ROI, click on any channel. The selected channel will show up on the Zoom Display below, with the
borders of the ROI. Drag the ROl borders to the desired position. This procedure can be repeated for as each
channel individually, or the ROI settings of the selected channel can be applied to all others. It is possible to
apply a ROl to all, and modify it afterwards individually for a few selected channels. For example, the analysis of
an EPSP requires different ROl settings than the analysis of a population spike.

[=] |> wmwl e ][ tons xperment | [ 3 5o sparment | [ 3 save spement o0 =

Dara Analysis Setup. F . -3 x
- Siwveep Anlyze

Data Sources Analyzer [
- e
Sweep Explorer

a Raw Data Explorer

Recorder

Sweep Analyzer

Sweep Analyzer (1)|Sweep Explorer (1)
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A cross hair is available, which can show x and y values of any specific point in the plot. Once the ROls are set
for all relevant channels, the Start Analysis function can start the processing of all sweeps in a file.

If a sweep contains two signals, usually as the result of a paired pulse stimulation, a second ROI can be
activated.

Sweep Analyzer

Sweep Analyzer

Second ROI

Both ROIs can be changed independently. The analyzed parameters of the second ROl are displayed as ratio
relative to the first ROI.

Voltage (V)

Time (ms)

Within the ROIs, a number of parameters will be calculated: Minimum, Maximum, Peak to Peak Amplitude,
Time of Min and Max, and Slopes. The analyzed parameters are displayed in the Parameter tab. If a second ROI
is active, for each parameter also the ratios between ROl one and two are available. Select the desired
parameter to display from the drop down menu. All parameters are analyzed simultaneously, so it’s possible to
switch back and forth between different parameters online.

The parameters are defined as follows:

Max Highest value in ROI

Min Lowest value in ROI

T max Point in time when maximum occurs, relative to trigger event

T min Point in time when minimum occurs, relative to trigger event

Peak to Peak Amplitude Amplitude, maximum minus minimum

Slope Slope of linear fit regression line (Least Square Algorithm): A straight line is

fitted through the data points in the region of interest. The slope of the
straight line is then extracted.

Slope X % to X % The 10 % — 90 % (or 20/80 or 30/70) interval of the peak-peak amplitude
(stretching from minimum to maximum) in the region of interest is detected.
Only data points in this interval are used for the linear regression fit (Least
Square Algorithm). The slope of the resulting straight line is extracted as the
slope.

Ratio For each parameter, the ratio parameter of ROI 2 divided by the parameter of
ROI'1

All analyzed parameters can be exported as on-line as ASCII data, if the Enable Online Export function is active,
see4.7.
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This example illustrates the most common use of the Sweeps and Sweep Analyzer instrument, the recording
and analysis of evoked activity. A combination of several instruments, the Stimulator, the Sweeps instrument
and Sweep Analyzer is used. The electrical stimulation applied to a hippocampal slice by two individual
stimulators are marked by individual trigger events, generated by two internal stimulator units. The evoked
responses to stimulation via both stimulator units are detected in independent Sweeps and instruments, both
are recorded as independent data streams. Sweep Analyzer instruments are used to analyze the evoked
responses on-line.

Stimulator

- -
Data Pathway 51 Data Pathway 52

|
Results Pathway 51 Results Pathway 52

o
Recorder

Stimulation pathways S1 and S2 will be operated by the Stimulator units one and two. For each pathway, raw
data is running from the Data Source to the Sweeps tool, and the resulting sweeps are recorded and analyzed
by a Sweep Analyzer. Sweeps of 100 ms duration are triggered by each pulse start from Stimulator one and
two, respectively. The two Sweeps data streams are recorded manually.

v Data Pathway S1 v Data Pathway S2

Sweeps Sweeps

|STG Events (1): 5TG 1 Single Pulse Start ~ ‘ |STG Events (1): 5TG 2 Single Pulse Start ~ ‘

Pre Trigger: 10 = | ms Pre Trigger: 10 = | ms

Post Trigger: ms Past Trigger: ms
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The stimulators are both programmed to start simultaneously with DAQ start, and then deliver alternately
voltage pulse with 1500 mV amplitude every minute, till manually stopped. This would be a common baseline
stimulation paradigm for a LTP experiment.

Stimulstor =)

©) I-l Stimulator Define Stimulus 1

Stimulator: MEA2100 %)

=
3

o| 8
=)
.| &
0

S

Amplitude [mV] |-1500 3: 1500 EI:
Duration [ps] 100 3: 0 3: 100 3:
Cyeles T = [s1]

151 [ms] =

x
»
o
2
&
E)

2]

Digital Out
off ~

=

Marker

‘1[\.;]!2"].

Stimulus Overlay
1

i 4I:I.:ZIDD .

Stimulator =l

© |-I Stimulator Define Stimulus 2

Stimulator. MEA2100 Amplitude [%]

Duration 0 El: o EI: 30 El: ] El: o EI:

Amplitude [mV] [0 =

Digital Out [ Marker
off -

> &

e -

.ll:l.::IDD‘

Stimulus Overlay
1

. dljl.:ZIDD .
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'\f Filter

The Filter can apply time based filters with different characteristics to the raw data. More than one Filter can
be used in one experiment, the filters can be used in series or in parallel. Please also see movie for illustration.

The Filter has a blue Electrode Raw Data input and a similar blue Filter Data output. The input data can be
directly from the Data Source, or from another instrument with a blue output, like a Cross-Channel Tool or

another Filter. Likewise, the Filter Data output is compatible with any other blue input port. There are no direct
export options.

The Filter shows raw data and filtered data for all channels in overlay. Both traces can be toggled with tick
boxes. Different filter characteristics are available, Bessel, Butterworth, Chebyshev and Notch.

Fier (1) T

©|

Filter: Butterworth

Bessel
Butterworth
Order Chebyshev Type |
Notch

Type:

Cutoff [Hz} 200 =

60MEA100/10

0:0:6802 006,904
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A Bessel filter is a type of linear filter with a maximally flat group delay (maximally linear phase response).
Analog Bessel filters are characterized by almost constant group delay across the entire passband, thus
preserving the wave shape of filtered signals in the passband.

The Butterworth filter is designed to have a frequency response which is as flat as mathematically possible in
the passband.

Chebyshev filters are analog or digital filters having a steeper roll-off than Butterworth filters. Chebyshev filters
have the property that they minimize the error between the idealized filter characteristic and the actual over
the range of the filter, but with ripples in the passband. Because of the passband ripple inherent in Chebyshev
filters, filters which have a smoother response in the passband but a more irregular response in the stopband
are preferred for some applications.

A Notch filter is designed to remove a certain frequency, 50 Hz or 60 Hz are available.

A High Pass filter will remove all frequencies below the Cutoff. For High Pass filters, just select the Order and
the Cutoff frequency from the respective drop down menus.

Filter: Bessel

Type: High Pass
Order: 2
Cutoff [Hz]: 200 E

A Low Pass filter will remove all frequencies above the Cutoff. For Low Pass filters, also select the Order and the
Cutoff frequency from the respective drop down menus. Additionally, Downsampling is available. If
Downsampling is active, the sampling rate for the downsampled data will adjust automatically, based on the
Cut Off frequency. The outgoing Filtered Data stream will then have the lower sampling rate.

Filker: Bessel
Downsampling

II

Type: Low Pass
Input sample Rate: 10000

Order:
reer Cutput Sample Rate: 1000

Cutoff [Hz]:

Band Pass filters remove all frequencies outside the selected frequency band. Fixed Band Pass options
are available. Select Alpha, Beta, Gamma and Theta band from the drop down menu.

Filter: Butterworth =

II

Type: Band Pass

Order: 2

IEE

Frequency Band:  |Alpha (8-13Hz) ~
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This section highlights a few common uses of the Filter.

Multi Channel Experimenter (Instance: 1) - 2.

P startoaq 1 maﬂhnmmem‘ |i Save Experiment [i Save Experiment As, ‘ L:g_
Filter 89 Theta (1) B X | piner 19 2002 2 - e
ta Source ‘:‘ Filter BP Theta © \ Filter HP 200Hz
| Fiter Filter

General

\ | z; -}

\| 00000000

\l 00000000

V4 00000000
00000000
00000000
00000000
000000

Recording Time: DAQ Time:

In the example above, Theta activity is extracted with a Band Pass filter and recorded as a separate data
stream. A 200 Hz High pass filter is used to facilitate spike detection by a Spike Detector (please see chapter
5.20, Spike Detector), and the detected spikes are also recorded. In addition, the raw, unfiltered data is also
recorded. Recording of the spikes and filtered data is not strictly necessary, as filtering and spike detection
could also be done offline in the Multi Channel Analyzer as long as the raw data stream has been recorded.

Multi Channe! Experimenter (instance: 1) - —
(=] [P serona 4 o et =1

[+ save E)penmenlJ ¥ Save Experiment As. =]

Eaperiment Setup S
i e (1)
Cr—
Stimulators

dator 1 A

000000

Neuro

\ /

\/

¥
o
Recorder

I~

Recording Time: 0 DAQ Time: 00:0020

If problems with 50 Hz noise occur, the best option is to find the source of the noise. However,

if everything else fails, a Notch filter can be used to remove the noise. Periodic noise is very often caused by
other electronic instruments. Europe usually has an AC frequency of 50 Hz, while in the US it is 60 Hz. Adjust
the filter accordingly.

-120-



v
J-L Digital Event Detector

The Digital Event Detector can generate trigger events upon external inputs, or upon stimulation signals of the
internal Stimulator. The generated events can be used to control all other instruments with a trigger input.
More than one Digital Event Detector can be used in one experiment, and one than one instrument can be
connected to each Digital Event Detector. Please also see movie for illustration.

The Digital Event Detector has a red Digital Data input and a pink Trigger output. The Digital Data stream from
the Data Acquisition has 16 bits, each of which can be used to generate trigger events. Without that input, the
instrument is not functional. There are no direct export options.

I

Digital Event Det...

The Digital Event Detector monitors the 16 incoming bits of the digital channel. Trigger events can be
generated on the rising or falling flank of an external TTL or an internal sideband signal from the MEA2100-
System Stimulator. Generated events are indicated in a display, and as optical and optionally also as an
acoustical signal.

Digital Event Detector (1) o %

© v

Select Events or Bits

Events | Bits

Digital Event Detector

Digital Event Detector

Toggle Simple or Advanced mode

Detection Mode
@® Edge (OR) ) Level (AND)

O O- 0-: 0- &« O 3 O
DE DQ D]ﬂ Dﬂ DWZ DB DM DWE
Deed Time: [0001073] minscems == Select Dead Time

Beep

Euent detection: () 4— Event - ogococcocoa

indicators

LED visible in status bar

Event Label: | Animal 1

Events can be used offline
to navigate the file; each
event can be given a label

Stimulator|Digital Event Detecter (1)
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Each event can be given a random label, which will show up in the Analyzer and helps with navigating the file. A
Dead Time can be selected, the dead time is the time after each event, during which any another TRUE
condition to evoke an event will be ignored. For example, if the condition to evoke an event is the rising flank
of aTTL on bit 0. Three TTLs come with 100 ms interval, and this train is repeated every second. The Dead Time
is set to 500 ms (see below). An event will be generated only for the first TTL of each train, as the next two are
within the Dead Time after the first.

£ O O- O: 0« O- O O~
e O0° e O Oe Os O« O

Dead Time: |0:00.500 5 min:secms

13 14 15

Several bits can be combined with an AND or OR condition. The default is OR, which means that if any of
selected bits detects a rising or falling flank, an event is generated. In the condition AND, all selected bits must
fulfill the selected condition simultaneously to generate an event.

Detection Mode
@® Edge (OR) O Level (AND)

’ 1 : * Event if bit 0 or 1 detects a rising flank or bit 2 or 3 detects a falling flank.

Detection Moda
() Edge (OR) @ Level (AND)

D 1 ? * Event only if bit 0 and 1 is HIGH (1) and bit 2 and 3 are LOW (0) simultaneously.

On different data acquisition devices, the digital bits can be addressed in different ways. For all devices, the
Advanced mode is available, which simply lists the available 16 bits from 0 to 15. For the Basic Wireless-
System, the MEA2100- and the W2100-System, there is also the Simple mode, which lists the bits with the
respective function/connector on that instrument.

In Advanced mode, all 16 bits are listed from 0 to 15. They can be used as described above. On most devices,
four bits are accessible via Lemo connectors. To gain physical access to all bits, it’s necessary
to connect a DIO extension box with 32 BNC connectors, 16 bits for Digital Out and 16 bits Digital In.

Detection Mode

The interface of the Simple mode looks different, depending on which data acquisition is in used. For the USB-
ME-System data acquisitions the Simple mode is not available. For the Basic Wireless-System, the four bits are
shown as available on the Receiver (RE) and the Interface Board (IFB).

On the MEA2100, ME2100 and W2100-Systems, the Digital In and Out bits are located on the Interface Board.
Bits 0 to 3 are assigned to the four Digital In connectors on the Interface Board.
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W16 Interface Board

REDO Digital In 1
I:l RE D1 D Digital in 2
|:| IFE D2 D Digital In 3
|:| IFE D3 D Digital In 4

Basic W-System System MEA2100, ME and W2100 System

The Digital Event Detector has an Events and a Bits tab. The Events tab shows only detected events as markers
(see 5.17.3). The Bits tab shows the status HIGH or LOW of all 16 Digital Input bits (0 to 15). AHIGH on a
specific bit is not automatically an event (Trigger).

Events | Bits

Ché Ch5 Ch4 Ch3 Ch2

Ch7

Ch11  Ch10 Ch9

Ch12

Chi8 Chi3

10s =

This section highlights a few common uses of the Digital Event Detector. Several examples have already been
shown in the earlier sections.
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Multi Chanaiel Experimenter (Instance: 1) - -8

| < |
1 Loas Experimert | [ 4 sove Experiment | | & sove periment 15 El

Recorder (1) B % | rigger on % frrggerom

== e JL o eeter
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Recorder o E h c
\ i e Wnemen Chanber 1
| \ ~— AuoSaic [DateTime =
Stimulators | | ~ N

| .
\ Achul File Mame: Movemesd Chamber 1,2016-08-24T13-33-32
| Beep @ Beep

| .
I ! / igge Racnting

Eeris @ Recarding Time: @ DA Tine: 00004

In the example above, a motion sensor detects movement in a certain chamber, and generates a gate trigger
which remains high as long as there is movement. The gate trigger is connected to the Digital In 1 on the
Interface Board of the W2100-System. An event is generated on the rising flank of the TTL, and a second event
on the falling flank of the same TTL. The first event starts the recorder, the second one stops it, and recording
goes back to Standby. As a consequence, data is only recorded if the animal is in the chamber, which saves
battery power.

Multi Channel Experimenter (Instance: 1) >

4 Lovd rperiment | [ & sve rpermen | [ 3 save rperment s |

TR — EE]

Digita Bt Detector (1)

Detection Mode

® EsgeioR) O Level (AND) Digital Event Detector Eret

—_— i e oe ™
Create Trigger on 0 1 2 2 2 5 & 7
TTL on bit 0 of the
digital channel Counts 0

¥ Count isble nstatus ber

Create sweep on
Trigger, 10 ms

Pre Trigger and
100 ms Post Trigger

n
Digital Event Det...

Trigger events
can be given
random labels

=

Sweeps 1:0 Events: @ Recording Time: 0 DAQ Time: 00:00:20

External Stimulators can be programmed to generate TTL pulses together with every stimulation pulse. To
record segments of data, so called sweeps, around each stimulation, connect the TTL output of the stimulator
to a digital input of the USB-ME data acquisition. In the present example, the TTL is applied to bit 0 of the
digital channel. The Digital Event Detector generates a trigger event on each rising flank of a TTL on the
respective bit. The Sweeps tool uses the raw electrode data from the Data Source and the event to generate
sweeps of -10 ms to 100 ms around each stimulation. Only the events and the sweeps are recorded, not the
continuous raw data.
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1. J' Cross-Channel

by,

The Cross-Channel instrument can do calculations between data channels, for example to remove common
noise. More than one Cross-Channel can be used in one experiment, and more than one instrument can be
connected to a Cross-Channel data output.

The Cross-Channel Instrument has a blue Electrode Raw Data input and a similar blue Cross-Channel Data
output. The input data can be directly from the Data Source, or from another instrument with a blue output,
like a Filter. Likewise, the Cross-Channel Data output is compatible with any other blue input port. There are
no direct export options.

Cross-Channel

The Cross-Channel has a tab which shows the input data, and one which shows the processed data. Different
options are available, Simple Reference, Complex Reference, and Pairwise Channel Operation.

Multi Channel Experimenter (Instance: 1) -

%
C Start Load Experiment Save Experiment Save Experiment As.
5 pAQ 4 oaay | ¥ saver ¥ save A

[Emmintsas = e
| Data Sources
| i

Jiveut 0sts processes oan |

Switch between Single Reference,
Complex Reference and

00000000
000000

Select reference electrodes
by mouse clitk or with
Lasso Selectipn

00000000¢
00000000 !

Recording Time: 0 DAQ Time: 00:0232
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In Simple Reference mode, the signal one selected reference channel is subtracted from all others. The number
of output channels in the Cross-Channel Data output is identical to the number of input channels.

In Complex Reference mode, the signal of all selected reference channels is averaged, and then subtracted
from all others. The number of output channels in the Cross-Channel Data output is identical to the number of
input channels.

In Pairwise Channel Operation mode, pairs of channels can be selected by drawing a line between them, and a
new signal is calculated from the signals of each of these channel pairs.

Cross-Channel (1)

) ~wdwn  Cross-Channel Instr. Input Data | Processed Data
) R S —
artpariivn

@ Qﬁﬂgfﬂg‘m@ @
ceede@Od
00000000
00000000
COODOOODO Drawline
ggggg@@g to select

channel
‘ @@@@&ﬂ—pair
|‘Eh1| ‘ I— vI |‘Ch2|

Remove selected operation!
01406 0:1:407 01408 G:1409 G4 0411 01412 01413 G4 0415

Time (hzminzsec)

=

Cross-Channel (1)|Dats Acquisition

Channels can be added, or subtracted from each other. Each channel signal can be multiplied with an individual
factor before the operation. The number of output channels in the Cross-Channel Data output is identical to
the number of channel pairs.

The operation can be set individually for each pair of electrodes. The operation for each pair can be seen when
in a tooltip. First select the operation, then connect the electrode pair.

Defined channel pair operations:

1*chl + 3 *ch2
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This section highlights a few common uses of the Cross-Channel Tool.

8 Multi Channel Experimenter (Instance: 1) - - o IEN
- ‘ P st DAGJ Ii Load Experiment | | ¥ save Eupenmenll Ii Save Experiment As. E|
Expenment Setup -3 x

Data Sources

input Data| Processed Data

: 00000900 -
; 00006 PO

20

oD
0D
0@
X}
oD
0D
oD

Recording Time: 0 DAQ Time: 00:00:04

In the example above, a single electrode, which shows common artefacts as all other channels (breathing,
heartbeat), but no actual signals is selected as Simple Reference. In the processed data, the common noise is
removed. It’s always advisable to record the raw data, too.

- Multi Channel Experimenter (Instance: 1) - - o IEN
@] [P sunpaa Il Load Experiment | | ¥ Save Experiment | | % Save Experiment As.. B
Expeimert Setup Tax

Data Sources

i

000000069 ;;

i

00000000 |
000000006-;
90000000 ;

Operation template:

Recording Time: 0 DAQ Time: 00:00:04
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In the example above, 16 pairs of electrodes are selected out of 32 input channels and subtracted from each
other, to generate 16 differential signals as Cross-Channel Data output.

G Longterm Display

The Longterm Display allows to display continuous data for extended periods of time, up to 72 hours. The
complete course of even an extended experiment can be displayed for all channels.

The Longterm Display Instrument has a blue Electrode Raw Data input only. The input data can be directly from
the Data Source, or from another instrument with a blue output, like a Filter. There are no direct export
options.

e

Longterm Display

The operation of the Longterm Display is very simple, the only important thing is to select the time scale before
starting the data acquisition. Once the DAQ is running, the scaling for the time axis is fixed.

To allow such long-time data display, not all raw data is stored in the cache of the PC, just the extrema and as
much data points to fill a full screen display of a single channel. Therefore, no zoom options in x direction are
available. Only the y-axis can be changed.

= Multi Channel Experimenter (Instance: 1) - - olEN

[#] [2 tosssiperiment ] [ 3 save rpemert ] [ 3. sive brpement s

Experment Setup

|Longterm Display (1)

Time (hemin:sec)

| | ota Acquisition] Longterm Display (1)

Number of USE data losses: 0 Recording Time: 0 DAQ Time: 00:17:14
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F F Spike Detector

The Spike Detector can extract spikes from a raw data stream by different methods, and generate time stamps
and cutouts with spike waveforms. Please also see movie for illustration.

The Spike Detector has a blue Electrode Raw Data input and orange Spike Data and yellow Spike
Time Stamps output. The input data can be directly from the Data Source, or from another instrument with a
blue output, like a Filter or a Cross-Channel instrument. There are no direct export options.

¥

e

Spike Detector

The Spike Detector has a tab which shows the input data and indicates the time stamps, and one which shows
the detected spike cutouts in an overlay plot. Spikes can be detected by different methods, Threshold, Manual
Threshold and Slope. Within each method, the detection threshold of each individual channel can be manually
adjusted. Click on the respective channel to open it in the Zoom window. Drag the detection threshold to the
desired position. The threshold value is shown with an accuracy of 0.1 uV.

‘
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M
Imnszes Detection E » — R |
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[ A By 33yl [
et 081 Cutout TR S T S
- = C— oo val
Post Triggen 20 ms
SOMEA100/10
000000
00000000
00000000
00000000
00000000
00000000
00000000
000
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The spike cutouts are displayed in an overlay plot in the Cutouts tab. The number of simultaneously shown
cutouts can be adjusted. If that number is reached, the earliest detected cutout will be erased and replaced by
anew one.

Spike Detector (1) Zoomed channel

Threshold -

[] Rising Edge

Falling Edge 92w _ . -
V V
Automatic Threshold Estimation v
Rising Edge 50[2] std. Dev
Fallng Edge 50f8] st e -

Dead Time: 30 ms

Pre Trigger 1R m

Post Tigger 2008 ms

000000
00000000
00000000
00000000
00000000
006000000
00000000

000000

i
-
]
.
-
]

Number of
simultaneous
overlays

15

Time (ms)

i \ \ i
: : , Voltage (sV) . r

If Manual Threshold is selected from the drop down menu, the user needs to either set the detection threshold
manually for all channels, or apply an identical threshold to all. Threshold values can either be changed with
the updown box, or the threshold can be dragged with the mouse in the Zoom window. Thresholds can be
positive, negative, or both.

Manual Threshold '|

Rising Edge
Falling Edge

Manual Threshold
Rising Edge 36‘6 0y

Falling Edge -92@ pv

Apply to all
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If Threshold is selected from the drop down menu, the thresholds are calculated individually for each channel

by multiplying a user defined factor with the standard deviation (SD) of the noise of each specific channel. The
SD is calculated from 500 ms of data every time the “Estimate” button is pressed. The “Estimate for all wells”
button become active if a multi well layout is selected. Thresholds can be positive, negative, or both.

The Threshold detection takes into account small differences in noise level between the channels, and is
usually superior to a manually selected threshold value The SD is strongly depending on the 500 ms of data
used for calculation. If a lot of spiking activity occurs within these 500 ms, the SD will increase, and also the
detection threshold. If possible, hit the Estimate button during a period without activity.

Threshold =
Rising Edge 64 wv
Falling Edge -82 v

Automatic Threshold Estimation

Rising Edge 45 E Std. Dev.

Falling Edge -4.5 Std. Dev.

Spikes can also be detected using a combination of minimum and maximum slope, and a minimum amplitude.
This method is sometimes more effective in detecting small signals close to the noise, without risking too many
false detections caused by random peaks. Amplitudes can be fixed, or dependent on the standard deviation of

the noise on each channel (see above).

Slope v|

1000 u Amplitude

Minimum Rise Time 13

Maximum Rise Time TOUU_.O us

® Fixed Amplitude | -10000F&] v
—

oy o [l
_! Signal Dependent -10_0 StdDewv Rise time

The Spike Data stream consist of cutouts, short segments of data around each detection time stamp which
contain the spike waveform. The length of this cutout in relation to the detection time stamp (Trigger) can be
adjusted. The Dead Time is the time after each detection time stamp after which a second detection event will
be ignored. The Dead Time should be as long as the expected signal length, to avoid double detections.

Dead Time: 30 ms
Pre Trigger: 1,0 % ms
Post Triggen 2.0 E ms
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This section highlights a few common uses of the Spike Detector.
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Racording Tine: 0 DA Time: 0001:48

The sole purpose of the Spike Detector is to extract spikes from a raw data signal. The instrument works
identical online (Experimenter) or offline (Analyzer). So, it is not strictly necessary to record the time stamps
and/or cutouts, as long as the raw data stream is recorded. The exception can be very long recordings, where
raw data files would simply become too large. The obvious downside is that everything which escapes the
detection for some reason is permanently lost. In the example above, two Spike Detectors with Threshold and
Slope detection method are used in parallel. Both Spike Cutouts are recorded, but not the raw data. Recording
is started manually and stopped by a timer after 24 h.

Muiti O

(nstance: 1) -

4 tossppenment | [ suve xpesiment | | . sove xperiment s |

Recording Tume: 0 DAQ Time: 0001:48

Usually it’s helps to improve spike detection if the data is filtered before the spike detection. High pass filters
with cutoff frequencies between 100 and 200 Hz are used. If the signal contains low frequency components,
the baseline drifts through the detection threshold and leads to false detections. As always, it is recommended
to record the raw data stream also.
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The PSTH (Peri Stimulus Time Histogram) tool can display spike time stamps arranged in relation to a Trigger
input, usually a stimulation timepoint.

The PSTH has a yellow Spike Time stamp and a pink Trigger input. There are no outputs. Analysis parameters
can be exported as ASCII data, see 4.7.

The PSTH instrument can display spike time stamps in relation to a trigger continuously and aggregated. In the
Aggregated tab, spike time stamps for a selected number of episodes around consecutive triggers are displayed
in a cascading raster plot. The duration of the episode around each trigger (Pre- and Post Trigger) and the
number of episodes to be shown (Depth of History) can be selected. Two zoom windows show the rater plot
for one selected channel, and the accumulated spike counts as histogram, with a selectable bin size.

PSTH (1) T

ROI for spike analysis
I S ---
|w2|uosr ):H164 STG 1 Single Pulse Start v

=N

Tngger Source
and time window
around trigger.

Count: 52
Enable Online Export

Toggle on-line
export of analysis
parameters.

Depth of History: |10 | Interval length of  bin (ms):

Apply toall

Aggregated | Gontinuous | Analyzer

In the zoomed raster plot, a Region Of Interest (ROI) can be set by dragging the red lines. The same ROI can be
applied to all channels, or the ROIs can be set individually channel by channel. Within the ROI, the number,
average frequency, and relative time of first spike is analyzed and plotted in the Analyzer tab.
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In the Continuous tab, spike time stamps for the most recent episode are shown continuously, with actual DAQ
time on the x-axis.

PSTH (1)

© v PSTH Instrument
ps

- ox
STG Events (1): STG 1 Single Pulse Star 7

7

Pre Trigger: 10v| ms
Post Trigger
702 7028 2 0; 7032 702 7028

Count: 65

Enable Online Export

LI
70,28 7032 7028 7032 7028 7032 7028

TT T 1 T T T T T T T T Tt T T T T T T T T T T T T T I T T T T T T T T T T T T TT
7032 7028 7032 7028 7032 7028 7032 7028 7032
Aggregated | Continuous | Analyzer

The Analyzer tab shows the analyzed results for all spikes within the ROI. Three parameters are shown, the

Number of Spikes in each ROI, the Mean Spike Frequency (if there is more than one spike in the ROI), and the
Relative Time of First Spike, in relation to the trigger.

PSTH (1)

-1 ox

STG Events (1): STG 1 Single Pulse Start ¥ %
s o ________
A A N A N N A

1000 ms El Relative Time OFf First Spike ~

Number Of Spikes

Mean Spike Frequency

Relative Time Of First Spike

0:1:5

Time (himin:sec)

Aggregated | Continuous| Analyzer

All results can be exported as ASCII data continuously, for all channels, into a single ASCII file, if the Enable
Online Export function is selected, see chapter 4.7.
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To be able to analyze evoked spikes, a spike data stream and trigger events from a stimulator are needed. The
spikes and the trigger stream must be connected to the PSTH tool. Set the pre- and post-trigger time and adjust
the ROI after each stimulation you want to be analyzed. To avoid detecting the stimulation artefact, the ROI
should start a few milliseconds after the stimulation.

Multi Channel Experimenter (Instance: 1) - - oIl

P Star Stimudator ‘i Load Exper W..| ‘i Saun Eaper *nemJ {i Save Expariment As. ‘ El

PSTHI) ¥

© PSTH Instrument
FTH
= 1
MEA2100 Stimulator
i s

.

Post Trigger

Count 65
7] Enabie Online Export

[Stimulatoe[Spive Detector (1] 571 1)

Number of USE dats losses: 0 Stimutator: @ @ @  Recording Time: 0 DAQ Time: 00:01:10

As a control, it is also possible to analyze an equally long segment of data before the trigger, to account for the
probability of spontaneously occurring spikes after stimulation. After analyzing the file, the Number of Spikes in
each ROI, the Mean Spike Frequency (if there is more than one spike in the ROI), and the Relative Time of First
Spike will be plotted and available for ASCII export.
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Q Spike Analyzer

The Spike Analyzer can analyze spike time stamps. Analysis of spike numbers and frequencies can be event
based, or in discrete time bins.

The Spike Analyzer has a yellow Spike Time Stamps input only. The input data must be from the Spike Detector.
Analysis results can be exported in ASCIl format.

Spike Analyzer

The Spike Analyzer analyzes the inter spike intervalls (ISI) between the time stamps and generates ISI, number
and frequency plots, as well as ISI histograms. Spike frequencies are either generated event based
(Instantaneous) or for discrete time bins. All analysis options are excecuted simultaneously and displayed on
individual tabs. All results can be exported online as ASCII data with the Enable Online Export function, see
chapter 4.7.

Multi Channel Experimenter (Instance: 1) - - o IEN

]
[=] [ sanosa 1 Losg xperment | [ ¥ save perment | [ v trpeiment . | =

Experiment Setup - ox
Al

Spike Anadyzer (1)

Data Sources

Spike Analyzer

S Artye 1S B )
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The Bin wise analysis creates one data point for each time bin. Number per time bin or frequency (Hz) is
available as parameters. For 1 second time bins, number and frequency are identical. For other time bins, the
frequency is the averaged frequency/s. In the example shown below, the results for 3 s bins would be:

(3+2+1)/3=2.0 and (4+1+2)/3=2.3

Bin wise analysis allows averaging of spike activity over longer time periods.

Binned results: 3 2 1 4 1 2Hz
1 datapoint per 7 Y 1 17 17 7 " 11stimebins
time bin

Instantaneous results:
1 datapoint per b . ¢ v R e
spike interval o ’ e .

The Instantaneous (event based) analysis always works from one time stamp to the next, and creates one data
point for each interval. Inter Spike Interval (ISI) and frequency are available as parameters.

The Instantaneous analysis generates one frequency and one ISI data point for each time interval between two
detected time stamps. Both parameters are calculated and can be selected from a drop down menu. If no data
points show up at first glance, try adjusting the y-axis. The Bin length parameter has no influence on the
Instantaneous results. The Export button will export all parameters for all channels. After analyzing the file, the
total spike count for each channel is displayed.

Spike Analyzer (1) s

) T e N eind Instantaneous |Bins | Histogram

Spike Analyzer

Enable Online Export

3
&

1
£
£

0:0:11 0:0:12 0:0:14 0:0:15 o016 0017 o018 00:19

Time (h:minzsec)
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The Bins analysis generates one frequency and one number data point for each time bin. Number will show the
number of detected time stamps per time bin, frequency will show the averaged frequency in the time bin. The
length of the time bins can be adjusted. Analysis has to be restarted after changing the bin length to refresh the
results. Both parameters are calculated and can be selected from a drop down menu. If no data points show up
at first glance, try adjusting the y-axis.

The Histogram will show the distribution of inter spike intervals in the file (or the analyzed segment of the file)
in fixed 10 ms bins for each channel. The maximum ISl displayed is 1 s. The bin length parameter has no
influence on the Histogram. The Histogram is not updated continuously, but will be calculated once the data
acquisition is stopped. In the example below, the results for the zoomed channel 14 mean that an ISl of 0 - 10
ms occurred on channel 14 around 32 times in the complete file, an ISl of 11 - 20 ms occurred around 11 times,
21 - 30 ms around 7 times, and so on.

Spike Analyzer (1) - B ox

| Q T L and instantancous | Bins. Histogram

L p n | emfes 0 =k
: P Ala nla z

00

Spike Analyzer (1)|Spike Detector (1)
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‘v‘ Spike Sorter

Attention: The Spike Sorter tool is currently only available on-line for the Experimenter, not
& for the Multi Channel Analyzer. Analysis tools can’t operate on sorted units yet.

The Spike Sorter can analyze spike wave forms created by the Spike Detector. Spikes can be sorted in discrete
units based on PCA (Principle Component Analysis) or SVD (Singular Value Decomposition) features.

The Spike Sorter has an orange Spike Data input and a Spike Data output. The input data must be from the
Spike Detector. Sorted units can currently be connected only to the Recorder. Sorted units will be tagged
accordingly, if the sorted Spike Data stream from a *.msrd file is exported with the Multi Channel Data
Manager. There are no direct export options.

a4

Spike Sorter

The Spike Sorter analyzes the waveforms of the detected spikes on all channels simultaneously, and tries to
sort similar waveforms into discrete units. The sorted Units are shown in overlay in the Units tab, the
underlaying clusters (see explanation below) can be seen in the Clusters tab. Each spike is shown for the time
selected in the Overlay Duration drop down menu, and afterwards deleted from the display. This won’t
influence the sorting in any way. Sorted units are color coded, unsorted spikes are shown in white.

B Mt Chomnel Expesirmentes finstomees 1) - - B x
[=] [ sor0sa] [@ om0 [ ot xpermen | [ soveexperment | [ 3 sve Esperment 2 | [=

Experiment Setup

- Spke Sorter (1) T

units | Clusters —— Select Llni( or Cluster tab

Data Sources

g Mo 1 A

=
MEA2100

<= Data Analyzer

-+
Spike Detector Feature extractlon can
be done with PCA or
SVD method. As
clustering algorithm
currently only G-Means
is available.

Sorted units for
the selected
channel are shown
individually and in —»
overlay. Unsorted
units are shown in
white.

Fepiayer (1] Spice Sorter (1) Fier (1)[Spike Detector (1)


https://www.multichannelsystems.com/software/multi-channel-datamanager
https://www.multichannelsystems.com/software/multi-channel-datamanager

The first 50 spikes detected after each DAQ start on each channel are used for feature extraction and
clustering, they are not sorted. The number of clusters/units per channel is automatically determined by the
G-Means algorithm, the required number of displays will be generated by the software. While the clusters are
described by n dimensions, as selected in Number of most describing dimensions (see below) the cluster
display can show only two dimensions, so the cluster separation might be better than the display view
suggests.

Spike Sorter (1)

PCA:

Principal Component Analysis (PCA) is a well-known method for feature extraction and dimensionality
reduction. PCA computes an ordered set of orthogonal basis vectors that capture the largest variation in the
data, the so-called principal components (PC). Each of the original data vectors can then be represented as a
weighted sum of the PCs. Because the first few PCs will often explain most of the variance of the data, the
other PCs can be discarded without losing too much information and the weighted sum of the remaining PCs
should still reasonably well approximate the original data. This is called "dimensionality reduction". In the
context of spike sorting, PCA is applied to the extracted spike waveforms. Each PC represents a common
pattern in the spike waveforms. The assumption is that spikes originating from the same neuron have similar
waveforms, so their weights for the different PCs will be similar. Spikes from different neurons, however,
should exhibit different weight patterns. We can think of each spike as a point in n-dimensional space, where n
is the number of remaining PCs. Ideally, the coordinates of spikes from the same neuron should form a cluster
in this space, where each cluster is separated from each other cluster. These clusters are displayed in the
Cluster tab. In the example shown above, the cluster of the red unit is well separated from the others, while
green and blue show some overlap.

References: Lewicki, 1998 and Gibson, 2012.

SVD:

Singular Value Decomposition (SVD) serves a similar purpose as PCA and is closely related to it. It will also
factorize a data set into a set of vectors: the left- and right-singular vectors, which represent patterns in the
spike waveforms, and a set of weights, the singular values which give information about the importance of
each pattern. Thus, dimensionality reduction is achieved by representing each spike by its weights for the
singular vectors with the largest singular values. Similar as for PCA, the resulting clusters are shown in the
Clusters tab.

Reference: Pachitariu, 2016
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Number of Dimensions:

In both extraction methods, the parameter "Number of most describing dimensions" defines how many
dimensions (PCs or singular vectors) remain after dimensionality reduction. If this is set to three, for example,
only the first three dimensions explaining the most variability in the data are used. Thus, every spike is
described as a 3-dimensional data point whose coordinates are the weights of its waveform for the first three
PCs or singular vectors. Predicting the effects of changing the number of dimensions on the spike sorting
results is not easy. Increasing the number of dimensions from three to four, for example, can be helpful if the
4th dimension contains valuable information, so that spikes originating from different neurons which show
overlapping clusters in a three-dimensional space can be better discriminated. On the other hand, it is also
possible that the 4th dimension doesn't really contain relevant information, and instead introduces noise and
makes it harder to differentiate between clusters.

For clustering, the Spike Sorter uses the G-Means algorithm, an improved version of the k-Means algorithm.
Compared to many other clustering algorithms, G-means has the advantage that it is able to estimate the
number of clusters in the dataset automatically. This heuristic process starts by putting all data pointsin a
single cluster and use a statistical test to determine whether the data points assigned to this cluster follow a
Gaussian distribution. If the test fails, the cluster is split into two smaller clusters and the test is repeated for
both new clusters. This process continues until all generated clusters pass the test and the distributions of their
data points are accepted as Gaussian.

The statistical test is controlled by the parameter Alpha, which is the significance level for the test for
Gaussianity: A smaller alpha means that the test is more restrictive and less likely to label data in a cluster as
"non-Gaussian". Therefore, less splitting of clusters occurs, and fewer clusters are produced in total. A higher
value for alpha has the reverse effect and will tend to increase the number of clusters. Alpha is therefore
helpful to control the sensitivity of the clustering.

Reference: Hamerly and Elkan, 2004
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If a Spike Data stream processed by the Spike Sorter has been recorded during an experiment, this stream can
be exported to other file formats with the Multi Channel Data Manager. Each detected event has the tag

“Sorter Unit”. Unsorted units have the tag 0, the sorted units are labelled 1 and up.

H - = SortedUnitsDemo_Recording-0_(Spike Sorter (1) Spike Datal)_Segment.csv - Excel ) m]
Datei  Start  FEinfigen  Seitenlayout  Formeln  Daten  Uberprifen [UEHUSM Add-ns  Hife @ Was mochten Sie tun? £ Teilen
|:| B Seitenlayout Bearbeitungsleiste q P @ 2 Neues Fenster [ Tellen EEI'_J :—‘r
Em = Alleanordnen ™} Ausblenden
Normal Umbruchvarschau (5] genytzerdef. Ansichten Gittenetzlinien [] Uberschriften Zoom 100%  Auswahl BB Ferster fieren~ Fenster  Makros
vergrafiern enster fixieren wechseln - -
Arbeitsmappenansichten Anzeigen Zoom Fenster Makros ~
K171134  ~ Fx 9
A | B | C | D | E | F | G | H | -
1 |Multi Channel DataManager 1.12.3.20045 ASCII Export
2 |Fileversion: 1
3 |stream label: Spike Sorter (1) Spike Datal
4 |Stream type: Segment
5 |Datasubtype: Spike
& 1
7 1
8 1
S |TimeStamp [ps] Segment ID (0} || Sorter Unit jSegment Label (47)  Segment-Number Source Channel ID Source Channel Label Value [nV] -
171123) 76976550 13 1 37 725 5 37 -11026888 -
171124| 76976600 13 1 37 725 5 37 -11622936
171125) 14073050 12 2 37 1 5 37 2980240
171126| 14079100 12 2. 37 1 5 37 0
171127] 14079150 12 2 37 1 5 37 -1043084
171128 14079200 12 2 37 1 5 37 -4172336
171129| 14079250 12 2 37 1 5 37  -B6705540
171130| 14079300 12 2 37 1 5 37 -3576288
171131 14079350 12 2 37 1 5 37 1043084
1711 1ANTAANN 12 2 27 1 LS 27 10A208A -
SortedUnitsDema_Recording-0_(Sp Tabelle1 @ 4 >
= 0 - 1 + 100%
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@ Burst Analyzer

The Burst Analyzer can analyze spike time stamps and detect spike bursts based on the MaxInterval method.

The Burst Analyzer has a yellow Spike Time Stamps input only. The input data must be from the Spike Detector.
All results can be exported online as ASCII data with the Enable Online Export function, see chapter 4.7.

Burst Analyzer

The Bust Analyzer analyzes the inter spike intervals (ISI) between the time stamps and applies the Max. Interval
algorithm to detect Spike Bursts individually on all channels. All results can be exported as ASCII data.
Simultaneous bursts on several electrodes can be detected as Network Bursts, to characterize synchronization

in a neuronal network.

Multi Channel Experimenter (Instance: 1) -

3. o et | [ e ]| [t et

Adjust Burst and
Network Burst
detection
parameters

m :
\

e Count Mode: |l in Durstion

| Enstie Online Expart

[Cata Acquisiton] Spike Detector (1] urst Ansiyzer 1)
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The Burst Analyzer uses the MaxInterval Method for detecting bursts:

Scan the spike train until an inter spike interval is found that is less than or equal to Max. Interval.
While the interspike intervals are less than Max. End Interval, spikes are included in the burst.

If the inter spike interval is more than Max. End Interval, the burst ends.

Merge all the bursts that are less than Min. Interval between Bursts apart.

Remove the bursts that have duration less than Min. Duration of Burst or have fewer spikes than Min.
Number of Spikes.

Reference: Legendy C.R. and Salcman M. (1985): Bursts and recurrences of bursts in the spike trains of
spontaneously active striate cortex neurons. J. Neurophysiology, 53 (4: 926-939)

See illustration of the parameters below:

Min. duration of a burst Burst Detection

T . I Min. number Mayx. interval to start burst: ms
*‘4_—." of spikes
Max. interspike interval Min. interval between in a burst Max. interval to end burst: ms
_ two bursts
in a burst
P - >
I | I I | I | I | | Min. interval between bursts: ms

| | |I | | | | | | Min. duration of burst: ms
-—

Min. number of spikes in burst:
Max. interval at the start of a burst

These parameters can be adjusted in the Burst Analyzer control window. Bursts are labeled in the Bursts tab
with red lines.

The network burst detection algorithm identifies time regions with simultaneously occurring bursting activity
on multiple channels. A Network Burst is characterized as a sequence of temporally overlapping bursts,
detected by the burst detection algorithm on individual channels.

To qualify as a network burst,

e the number of distinct bursting channels in the sequence needs to be at least the number defined for
Min. Channels Participating and

e atsome point during the sequence, there need to be at least the Min. Simultaneous Channels
bursting at the same time.

The third parameter, Spike Count Mode, determines which spikes are counted as part of the network burst.
This has an effect when computing the spike rate and the percentage of spikes in a network burst. If this
parameter is set to All in Duration, all spikes in the duration of the network burst are counted for all channels,
whether the individual channel was bursting at the time or not. If the Spike Count Mode is set to Participating
Bursts, only spikes within bursts on the individual channels within the Network Burst are counted. The network
bursts starts with the first overlap of two participating bursts, and ends with the end of the last participating
bursts. Network bursts are labeled in the Bursts tab with blue background.

Network Burst Detection

Min. Active Channels:
Min. Simultaneous Channels:

Spike Count Mode: |Only in Bursts =

All in Duration

Only in Bursts
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The Bursts tab shows the spike time stamps and the detected bursts as a red line on top of the events. If a
network burst is detected, it's shown on all channels as a blue background.

Bursts | Burst Parametes | Network Burst Parameter
50 ms

[ Enable Online Export

The Burst Parameter tab shows all analyzed parameters for all channels. Select the parameter to display from a
drop down menu. For each detected burst, three parameters are plotted:

e Count: Number of spikes in burst
e Duration: Duration of burst
e Frequency: Mean frequency of spikes in burst

Burst Analyzer (1)

[ Enable Online Export
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The Network Burst Parameter tab shows all continuous parameters for all network wide bursts in a single

display. Select the parameter to display from a drop down menu. For each detected network burst, three
parameters are plotted:

e  Burst Count: Number of spikes in network burst
e  Burst Duration: Duration of network burst
e Spike Frequency: Mean frequency of spikes in network burst

Note that the Spike Count Mode setting influences these results.

Burst Analyzer (1) )

G Burst Analyzer Bursts | Burst Parameter | Network Burst Parameter
Burst Analyz: [ Aggregated Results
urst Analyzer

Total Spike Count: 16061
Burst Detection

Max. interval to start burst: ms
Max. interval to end burst ms
Min. interval between bursts: ms
Min. duration of burst ms
Min. number of spikes in burst

Network Burst Detection

Min. Active Channels:

Min. Simultanecus Channels:

Export Results

Total Burst Count 6

@ Spike Count: 1659

@ Spike Frequency [Hzl:  100.077
@ Burst Duration [ms}: 1235733
@ Interburst Interval [ms]: 21965.84

% Spikes in Bursts: 61.976

0:0:20 0:0:40 0:1:20

Time (h:min:sec)

o> B s o]

The Aggregated Results for all network bursts detected in the analyzed file (or file segment) are shown as
numerical results after the data acquisition is stopped. The percentage of spikes in network bursts is an
excellent parameter to characterize the degree of synchronization in a network. This parameter is also
influenced by the Spike Count Mode setting in the network burst detection parameters.
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Below is a list of all application examples mentioned in this manual. Many examples shown, especially in
relation to specific data sources, will work just as well for other data sources.

e 5251
e 5252
e 5253
e 55.6.1
e 5.56.2
e 55.6.3
e 5.6.4.1
e 5.6.4.2
e 5841
e 5.8.4.2
e 5095

e 51241
e 5.124.2
e 51341
e 51342
e 5154
e 5.16.4.1
e 5.16.4.2
e 5.175.1
e 5.17.5.2
e 5.18.4.1
e 5.18.4.2
e 5.204.1
e 5.20.4.2
e 5214

Record Electrode Raw Data, Analog Data and Trigger Events

Generate a Closed Loop Stimulation on Simultaneous Spikes on Two Electrodes
Control a Valve Perfusion System with the Digital Out Generator

Record Five Minutes per Hour Overnight Automatically

Record Four Headstages in Parallel

Generate a Synchronization Pulse for an External Device

Record with Increased Sampling Rate by Sacrificing Recording Channels
Record Electrode Data and Time Stamps for Two Different Behavioral Tasks
Record Electrode Raw Data and Trigger Events

Record Sweeps Triggered by an External Stimulator

How to Apply a Stimulation Automatically to all Electrodes Row by Row
Record Segments of Electrode Raw Data after each external TTL

Use a Gate Trigger to Control Recording

Record Segments of Electrode Raw Data automatically overnight

Set Manual Marker Events during Recording

How to do an LTP Experiment with two Stimulation Pathways

Differentiate Theta Waves and Spike Activity from a Raw Data Signal
Remove 50 Hz Noise

Record Automatically with a W2100 System as long as a Sensor Detects Movement
Record Sweeps Triggered by an External Stimulator

Remove Common Artefacts from a Wireless Recording

Do Differential Measurements between Pairs of Electrodes

Do Long Term Recordings with Spike Data only

Extract Spikes from a Noisy Signal

How to Display Evoked Spikes
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The Multi Channel Suite is a software under development, so bugs may occur more frequently than usual. Also,
new software versions are released in short intervals. The software development team of Multi Channel
Systems is very grateful for all reported bugs. Due to the modular nature of the software, it is impossible to test
all possible configurations for each new release, and any customer feedback is much appreciated to find all
problems.

Please report all bugs, feature requests or other issues to Support@multichannelsystems.com.
We can only fix things we know about.

In case of problems, please check first whether your software version is up to date. The latest release can
always be found in the Downloads section of the website. Maybe the problem has already been solved. If not,
reboot the software and power-cycle the recording device.

Sometimes bugs are caused by corrupted experiment (*.mse) files, so the next step is to try building a new,
identical experiment setup, instead of using an existing one.

If the problem persists, report it together with the experiment file which has been used, and possibly a data
file to the support e-mail address. An upload option for the files will be provided if need be.

Local retailer

Please see the list of official MCS distributors on the MCS web site.

Mailing list
If you have subscribed to the newsletter, you will be automatically informed about new software releases,

upcoming events, and other news on the product line. You can subscribe to the newsletter on the contact form
of the MCS web site.

www.multichannelsystems.com

- 148 -


mailto:Support@multichannelsystems.com
http://www.multichannelsystems.com/downloads/software
http://www.multichannelsystems.com/sales
http://www.multichannelsystems.com/contact-mcs
file://///ds-active/develop/DOCUMENTATION/Handbuecher_Birgit/Basic%20Word/www.multichannelsystems.com

