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CAUTION

THIS STIMULATOR IS NOT FOR USE IN HUMANS.

CAUTION

READ THE ENTIRE MANUAL BEFORE ATTEMPTING TO OPERATE
THIS EQUIPMENT.

IMPORTANT: READ THE VERSION AND COMPATIBILITY NOTICE IN
SECTION 2 BEFORE ATTEMPTING TO OPERATE THIS EQUIPMENT.

CAUTION

OBSERVE THE FOLLOWING SEQUENCE DURING ALL EXPERIMENTS:

1.

Noohs~wN

TURN THE STIMULATOR POWER ON

LAUNCH THE USER INTERFACE PROGRAM

CONNECT THE STIMULATOR TO THE ELECTRODES
CONDUCT THE EXPERIMENT

CLOSE THE USER INTERFACE PROGRAM

DISCONNECT THE STIMULATOR FROM THE ELECTRODES
TURN THE STIMULATOR POWER OFF

Contact Plexon support at +1 214-369-4957 or support@plexon.com if you
would like additional information or instructions.


mailto:support@plexon.com
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Publication History

January 2021

Noted that the system now runs on both Windows® 7 and Windows® 10
operating systems. Also noted the system can communicate with PCs that have
USB 2.0 (or higher) ports.

June 2019
Step 6 on page 7 was clarified.

January 2018

This user guide is based on the Plexon® PlexStim™ Electrical Stimulator,
Version 2.3. It has been updated to clarify how the system treats certain user-
defined and default settings. These clarifications are incorporated into the
sections of the document listed below. This is a documentation update only;
the software and hardware for the PlexStim system are not changed.

* Section 8.5, "Arbitrary Waveform Patterns” on page 32

* Section 8.13, "File Open / File Save” on page 42

» Section 8.14, "Options: Discharge Mode” on page 42

* Section 8.15, "Options: Digital Output Mode” on page 44

The user guide is periodically updated and reissued, typically in conjunction with
a new software or hardware release. You can see a summary of changes by
accessing the Change Log for this product on the Plexon website,
www.plexon.com.

January 2017

This user guide is based on PlexStim™ Electrical Stimulator, Version 2.3. It has
been updated to incorporate the following corrections:
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May 2015

April 2011

» The digital input/output latency is approximately 2 us. It was previously
listed in this document as less than 1 ps.

* The maximum number of points allowed in a fixed pattern loaded from the
GUI is 999. It was previously listed in this document as 1,000.

» A variable pattern can hold up to 499 amplitude duration pairs. It was
previously listed as 500.

This user guide is based on PlexStim™ Electrical Stimulator, Version 2.3.
Version 2.3 includes the following components:

» Hardware part number 14-20-A-10-F
* Firmware part number 14-20-A-07-A
* Software GUI Version 2.3.0.0

Version 2.3.0.0 GUI will ONLY work with

Plexon® stimulators that have the updated firmware (14-20-A-07-A).
Stimulators that were manufactured prior to April 2015 with revision blank
firmware (14-20-A-07) will generally not be recognized by GUI Version
2.3.0.0 as valid stimulators. See Section 2, "Version and Compatibility
Notice” on page 2 for additional details and required actions.

This version incorporates the following changes:

* Up to 64 channels can be operated simultaneously by means of a software
development kit (SDK) available on the Plexon website. (Two PlexStim
Stimulator systems are needed to provide up to 32 channels. Three systems
provide up to 48 channels. Four systems provide up to 64 channels.) See
Section 1, "Introduction” on page 1.

» There is a change in the behavior of the stimulator in the “Level” triggered
digital input mode. See Section 7.7, "Starting Stimulation from a Digital
Input” on page 25 and Section 8.8.3, "Level Trigger Mode” on page 37 for a
description of the new behavior.

This is the first release of the user guide. It is based on PlexStimElectrical
Stimulator, Version 2.0, which includes the following components:

* Hardware part number 14-20-A-10-A
* Firmware part number 14-20-A-07
» Software GUI part number 14-20-A-08

\Y

PlexStim Electrical Stimulator



Plexon Inc

Contents

Publication History v

1 Introduction 1

2 Version and Compatibility Notice 2
3 System Requirements 2

4 System Components 3

5 Installation 4
Software and Driver Installation 4
Software Development Kits (SDKs) 6
Hardware Installation 6
Turning On the Power for the First Time 7

6 Getting Started 8
Overview 8
Launching the PlexStim Electrical Stimulator Software
Creating Rectangular Pulses 10
Verifying the Output on an Oscilloscope 12

7 Procedures and Examples 15
Operational Flowchart 16
Compliance Voltage and Stimulation Failure 17
Automatic Electrode Discharge 18
Arbitrary Waveforms and Complex Rectangular Pulses
Impedance Measurement 21
Working with Real Electrodes 24
Starting Stimulation from a Digital Input 26
Stopping Stimulation 28

8 GUI Function Reference 29
Parameters Edit/Load 29

19

Version 2

Vi



Stimulation Stop/Start 29

Rectangular Pulse Parameters 30
Number of Repetitions and Pulse Rate 32
Arbitrary Waveform Patterns 32

Vmon Scaling and Z Conversion 36
Function Stimulate / Function Z Test 37
Trigger Mode 38

Edit/Load All 39

Start Mode 40

Monitor Channel 40

ABORT 40

File Open / File Save 42

Options: Discharge Mode 42

Options: Digital Output Mode 44

9 Input and Output Connectors 46
PowerIn 46

Digital In 46
USB 2.0 46
Stim Out 47

Digital Out 47

Current Monitor 48

Voltage Monitor 48

Stimulation Cable 50
Ground/Common Access Points 50

10 PlexStim Stimulator Limitations 51
Maximum Compliance Voltage Varies with Stimulation Amplitude 51
Power on/off Transients 51
Current Monitor with an Open Circuit 52
Impedance Test with an Open Circuit 53

11 Specifications 54

12 List of Related Documents 55

Appendix A: Importing PlexStim DLL into LabVIEW

Introduction  A-2

Hardware Compatibility — A-2

Basic DLL Import  A-3

Correcting Import Errors ~ A-11
PS_GetArbPatternPointsX  A-11
PS_GetArbPatternPointsY  A-14
PS_ GetArbPatternPoints  A-15

Fix Error Reporting  A-15

Improve Error Description Reporting (Optional)  A-16

Special Note on Close Functions and Error Handling  A-18

Updating User Programs  A-19

viii

PlexStim Electrical Stimulator



PlexStim™ Electrical Stimulator

1 Introduction

The Plexon® PlexStim™ Electrical Stimulator (referred to in this user guide as
the PlexStim Stimulator) is a 16-channel constant current stimulation system. It
has 16 individually programmable constant current sources (channels) that share
a common return path.

In Version 2.3 and later, up to 64 channels can be operated simultaneously by
means of a software development kit (SDK) available on the Plexon website.
(Two PlexStim Stimulator systems are needed to provide up to 32 channels.
Three systems provide up to 48 channels. Four systems provide up to 64
channels.) See Section 5.2, "Software Development Kits (SDKs)” on page 6 for
information on obtaining and using the SDKs.

The PlexStim Electrical Stimulator provides the following capabilities.
Parameters for these capabilities can be configured in the graphical user interface
(GUI):

* Define stimulation currents with 16-bit precision up to =1 mA and deliver the
specified currents with £10 V compliance.

» Define bi-phasic rectangular pulses with 30nA precision and 1usec temporal
accuracy.

* Repeat bursts of pulses at a user defined rate.
* Load arbitrary waveform patterns from text files.

+ Initiate playback of pulses and arbitrary stimulation waveforms from the GUI
or allow playback to be triggered in response to external digital inputs.

» Initiate stimulation independently on each channel. (Each channel has a
dedicated digital input that may be used in an edge-triggered or level-
triggered [gated] mode to initiate stimulation with a latency of about 2
microseconds.)

» Provide signals to external devices that identify the precise time when the
stimulation is occurring. (Each channel has a dedicated digital output for
exporting this data.)

* Monitor the actual current and voltage delivered to any electrode and conduct
impedance testing on each channel. (The system provides the current and
voltage data through standard BNC connectors, allowing you to view this
data on an oscilloscope. The PlexStim Electrical Stimulator impedance test
mode provides nanoamp resolution and additional filtering and
programmable gain for the monitor channel outputs so that the voltage
elicited in response to sub-microamp currents may be resolved for impedance
measurements. )
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2 Version and Compatibility Notice

In April 2015, a new version of the PlexStim Stimulator GUI, Version 2.3.0.0,
was released in conjunction with new firmware for the PlexStim Stimulator
(Firmware PN 14-20-A-07-A). The Version 2.3.0.0 GUI will ONLY work with
PlexStim Stimulators that have the updated Firmware. PlexStim Stimulators that
were manufactured prior to April 2015 with revision blank firmware (14-20-A-
07) will generally not be recognized by GUI Version 2.3.0.0 as valid systems.

PlexStim Stimulators of hardware Revision F (14-20-A-10-F) are the first
stimulators originally manufactured with Revision A firmware. Examine the
labels on the bottom of the stimulator to determine the firmware and hardware
revision. If your stimulator is not Revision F or later or does not have Revision A
or later firmware, contact Plexon support for information on upgrading the
firmware in your stimulator. Please note that after the stimulator hardware and
firmware have been upgraded you will be required to use the Revision 2.3.0.0 or
later GUI (or Revision 2.3.16.0 SDK or later) to operate the stimulator. Prior
versions of the GUI will not function properly with the updated firmware.

Technical Support

Plexon technical support is available by telephone at +1 214-369-4957 or by
email at support@plexon.com.

3 System Requirements

A modern personal computer running Windows® 7 or Windows® 10 with a free
USB 2.0 (or higher) port is required to operate the system. An oscilloscope is
highly recommended for monitoring the actual current and voltage waveforms
during stimulation. However, note that many oscilloscope inputs are earth
grounded. Normally the current outputs of the stimulator are isolated from earth
ground. Connecting the stimulator monitor outputs to an earth grounded
oscilloscope will cause the current outputs to not be isolated from earth ground.

2 PlexStim Electrical Stimulator
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4 System Components

When you receive your PlexStim Stimulator system, confirm that you have the

following pieces:

1 USB memory with software & drivers ~ Plexon
2 AC power cord (7.5 ft)* Volex

3 Power Supply Plexon
4 USB Cable (2m) Molex
5 Stimulator Plexon
6 Stimulation Cable Plexon
7 Test Board (model electrodes) Plexon

Stimulator

14-20-A-14-C
17250 10 B1
08-06-A-37
88732-8902
14-20-A-10-F
14-03-A-03
14-04-A-03-A

* International customers: The stimulator power supply (Item 3 in the above
image) has an International Electrotechnical Commission (IEC) 60320 C14 inlet
for AC power (shown below). The AC power cord supplied with the stimulator
has an IEC 60320 C13 connector and a NEMA 5-15 plug compatible with the AC
wall outlets in North America. Users in other regions must supply a power cord
with an IEC 60320 C13 connector and a plug that is compatible with the AC wall

outlets in the region of use.
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5 Installation

Read the entire installation section before proceeding with the installation.
Follow the installation steps in the order that they are presented. Do not connect
the stimulator to an electrode implant or attempt to use the stimulator until you
have read the entire manual.

You may also wish to read through Section 12, "List of Related Documents™ on
page 55.

5.1 Software and Driver Installation

Read the entire Software and Driver Installation section before proceeding with any
of the steps. Note that you should be logged onto the computer as a user with
administrative privileges before proceeding with the installation process. The
installer will install the necessary drivers, the graphical user interface (GUI), and
the software development kits (SDKs) onto the computer. At the end of the
installation, the installer will ask you to reboot the computer.

1 On the root of USB flash disk, locate and read the End User License Agreement
(eula.pdf).

2 Log onto the target computer using an account that has administrative privileges.

3 Browse to the folder \PlexStimV2\Installer. Copy the file StimulatorV2Setup.exe to
the desktop.

4  Right click on StimulatorV2Setup.exe and select “Run as administrator.”

You may get a warning that the publisher of the software is unknown (to Microsoft®).
Select Yes to proceed.

r -
H User Account Contrel @

O Do you want to allow the following program from an
* unknown publisher to make changes to this computer?

Program name:  StimulatorV25etup.exe

Publisher: Unknown
File origin: Metwork drive
(%) Show details Ys [ No

Change when these notifications appear

L

6 Follow the prompts from the installer. There are approximately eight dialogs that you
will need to respond to:

PLEXOM INC SOFTWARE END USER LICENSE -

=hup
program. This program vl instal Plexon Stimuiator AGREEMENT

ﬁ ‘Welcome to Plexon Stimulatar Vession 2 S
= Version 2 on your computer,
IMPORTANT: THIS SOFTWARE END USER LICENSE
AGREEMENT ["EULA") IS A LEGAL AGREEMENT
BETWEEN YOU AND PLEXDN INC READ IT
CAREFULLY BEFORE LISING THE SOFTWARE. IT
PROVIDES A LICENSE TO USE THE SOFTWARE AND
FONTAINS WARRANTY INFORMATIONAND.
LIABILITY DISCLAIMERS. BY SELECTING

WHLUAD OF INSTALL NCW BLTTON AND USING
THE SOFTWARE, YOU ARE CONFIRMING YOUR:
\ACCEPTAMNCE OF THE SOFTWARE AND AEREEiNE
TO BECOME BOUND BY THE TERMS OF
AGREEMENT, IF YOU DO NOT AGREE m EE BOUND
BY THESE TERMS. THEN UNINSTALL T|
SOFTWARE FROM YOUR COMPUTER.

Imis STHDNBLYHEEDMMENDED THAT YOU EXIT ALL
WINDOWS AAMS AND RESTART THE COMPUTER
BEFORE HUNNINE THIS SETUP PROGRAM.

Click Cangel to uit Setup and close any programs you have
rurning. Click Net o continue with the Setup program

WARNING: This program is pratected by copyright law and
international reates.

Unauthorized reproduction or distribution of this program, or ary
portion of it. may tesul in severs civi and criminal penalies.
‘and wil be prosecuted to the maximum extent possible under
law.

1. DEFINITIONS

e st || | =een
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You ate now ready to install Plexon Stimulstor Version 2.

Press the Next buiton to begin the installstion or the Back
button to reenter the installation information.

Cancel

FTDI CDM drivers

Click Extract to unpack version 2.08.28 of FTDL's Windows
driver package and launch the installer.

www fidichip com

Device Driver Installation Wizard

Welcome to the Device Driver
Installation Wizard!

This wizard helps you instal the scftware drivers that some
computers devices need in order to work

To continue, click Next

Completing the Device Driver
Installation Wizard

The divers were successfuly installed en this computer

“You can now connect your device to this computer. f your device
came with instructions, please read them first

| Diver Name Status
/ FTDI CDM Driver Package... Readyto use
/' FTDI CDM Driver Package... Readyto use

Finish [ Cancel

Pl rsion 2 has been lly

Press the Finish button to esat this installation.

Thiz system must be restarted to complete the
installation. Press the OF, button to restart this
computer. Prezs Cancel to return to Windows
without restarting.

Cancel |

Note that the default installation location for the graphical user interface is
C:\Program Files (x86)\Plexon Inc\Stim-2\Stim-2.exe.
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5.2 Software Development Kits (SDKs)

In addition to installing the drivers and GUI, the installer also installs 32 bit and

64 bit SDKs for both C++ and MATLAB®. The default location for the SDKs is
C:\PlexonSDKs. This manual does not specifically address the use of the SDKs.
Nonetheless you are strongly encouraged to read the manual and familiarize
yourself with the hardware and use of the GUI before attempting to use the
SDKs.

See Section 12, "List of Related Documents™ on page 55 for further supporting
documentation.

Instructions for how to import the PlexStim DLL into LabVIEW™ can be found
in Appendix A.

5.3 Hardware Installation

Read the entire Hardware Installation section before proceeding with any of the
steps.

An oscilloscope is highly recommended for viewing the output of the monitor
channels.

1 Ensure that the power switch on the stimulator is in the off position.

DIGITAL IN o

ON POWER IN

£ @

e
OFF

3

ON POWER IN

%) A
g © com
o5F @ g 150

)
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Connect the USB cable between the stimulator and the computer.

DIGITAL IN L

ON POWER IN
3 (O] 7 oM
150

OFF
)

IMPORTANT: Turn on the stimulator power and launch the stimulator GUI before
connecting the stimulator to any electrodes.

Connect the stimulation cable between the stimulator and the test load board. On
the stimulator side, be sure the white triangle on the connector is facing up. On the
test board side, be sure the white orientation dots on both connectors are lined up.

DIGITAL 4

a STIM OUT

| POWER|

Connect BNC cables between the monitor channel outputs and an oscilloscope.
Monitoring the current and voltage delivered to the electrode is an essential part of
stimulation.

5.4 Turning On the Power for the First Time

1

Turn the power switch to the on position. The LED on the front of the stimulator
should illuminate.

The first time you turn the stimulator on a “Found New Hardware” balloon will appear
in the lower right hand corner of the computer screen. The balloon changes from
“Installing device driver software” to “Your device is ready to use.”

N ! Installing device driver software % *
Click here for status.
" ; Your device is ready to use [/
' Device driver software installed successfully.

If the “Found New Hardware Wizard” appears, then the drivers for the stimulator are
not properly installed. Turn the stimulator power off and refer to section Section 5.1,
“Software and Driver Installation” on page 4 for instructions on installing the drivers

and software.
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6 Getting Started

This section introduces the basic functions of the stimulator and guides you
through basic stimulator operation using the model electrodes on the test board. It
is highly recommended that you work through this section before attempting to
do any other type of stimulation. Note that you will need an oscilloscope to see
the output of the monitor channels.

Note:  This Getting Started section is limited to applying a basic rectangular pulse
pattern to the electrodes. The procedures for applying a wider range of
stimulation patterns are presented in Section 7, "Procedures and Examples”
on page 15.

IMPORTANT:
OBSERVE THE FOLLOWING SEQUENCE DURING ALL EXPERIMENTS:

TURN THE STIMULATOR POWER ON

LAUNCH THE USER INTERFACE PROGRAM

CONNECT THE STIMULATOR TO THE ELECTRODES*

CONDUCT THE EXPERIMENT

CLOSE THE USER INTERFACE PROGRAM

DISCONNECT THE STIMULATOR FROM THE ELECTRODES

. TURN THE STIMULATOR POWER OFF

* Use ONLY the model electrodes on the test board while you are learning to
operate the system.

Nogs~whE

6.1 Overview

Every stimulation protocol begins with the definition of the stimulation pattern.
The PlexStim Electrical Stimulator graphical user interface (GUI) provides a
means for defining bi-phasic rectangular pulses and bursts of identical pulses that
are repeated at a fixed rate. Once defined, the stimulation pattern is downloaded
into the stimulator memory for playback. Playback can be initiated from the GUI
or in response to a digital input to the stimulator hardware. During playback, the
actual current and voltage delivered to the electrode can be observed on the
monitor outputs. Monitoring the electrodes during stimulation is a critical
component of successful stimulation.

To monitor the current and voltage waveforms, connect BNC cables between the
PlexStim Electrical Stimulator and an oscilloscope.

8 PlexStim Electrical Stimulator



6.2 Launching the PlexStim Electrical Stimulator Software

Make sure the PlexStim Electrical Stimulator is connected to the computer and
turned on. Then launch the PlexStim Electrical Stimulator software by double

clicking on the desktop icon . You should see the factory default graphical
user interface as shown in the image below:

2 Plexon: Stimulator - 2.0

Eile Edit View Options About

=|d| |& %

=PLEexonN”

i

-] —p— €@ —¢C

Parameters  Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start 1(uA) Width (us) delay (ps) 1(pA) Width (ps}  repetitions @ (Hz) © (ms) waveform pattern

tht @ O @ =100 =15 =125 * -100 =50 = =1 200 a
cthz @ @ @ £ 100 2 50 225 £ 100 2 50 =1 = 200 a
th3 @ ° = 100 =l sp =125 + -100 50 =1 =1 200 ]
thd @ O @ £ 100 =) 2125 2 -100 2 50 = = 200 g
¢hs @ © @ <1 100 <150 <125 <1100 <150 1 =1 200 )
ths @ © £ 100 =1 50 225 2 -100 2 50 1 = 200 ]
th7 @ © @ =100 =1 50 =125 ~ -100 =l 50 1 < 200 ]
ths @ O @ £ 100 =1 5 2125 2 -100 250 1 = 0 g
cths @ ¢ @ = 100 =50 =25 < -100 = 50 £l <1 200 ]
thw @ O ® < 100 =1 50 =125 L -100 = 50 =11 =1 200 a
i @ o @ =100 =50 =125 <100 =5 =1y = 200 ]
cthiz @ ¢ @ £ 100 250 225 £ 100 2 50 =11 = 200 a
R Y @ o0 = =P T [Ew =k 2| 200 o
this @ @ @ £ 100 2 50 225 £ 100 2 50 =1 = 200 a
chis @ ¢ ® =1 100 =5 <125 < 00 =150 =1 = w0 0
chis @ O @ = 100 =50 =E] = 100 =k =1 - 200 ]

Vimon Scaling Z conversion Function Trigger Mode Edit/Load Start Mode Monitor Channel
@025V © stmulate @ Software @ Individual @ Individual . @
ISPERT Vimen (mvpp) 5 7 Test () Rising () Edit All 7 Stop Al
®x5 w o ) Level @ Load All 2 gtart Al
@250 vy Impedance (k&)

Plexon Inc. NUM

TIP

Load factory default configuration at any time

You may load the factory default configuration at any time by
selecting Open from the File menu and then selecting the
configuration file “Factory Default.stm”. By default this file is
installed in the directory C:\PlexonData\Stim-2\Configuration files.
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Note that if the USB cable is not connected to the stimulator or if the stimulator
power is turned off when the software is started, an error message will appear.
Likewise, if the USB cable is disconnected or the stimulator power is turned off
while the software is running, an error message will appear and the program will
close:

Warning LJ&

Warning

‘0' Stimulator not connected y Stimulator nat cannected @ Stimulatar disconnected

Exiting the pragram

6.3 Creating Rectangular Pulses

AN

CAUTION

Use ONLY the model electrodes on the test board while you are
learning to operate the system.

This section explains how to create and deliver a burst of rectangular pulses to the
electrodes. Section 6.4, "Verifying the Output on an Oscilloscope” on page 12
explains how to monitor the actual voltage and current that are delivered.

For each channel there is a row of channel specific controls, and at the bottom of
the interface there are additional global controls. (These global controls are
described individually in detail in Section 8, "GUI Function Reference” on

page 29.) In this section, only the controls required for generating rectangular
pulses using the GUI controls are discussed.

The first step is to configure the stimulation parameters for a single channel. We
will start off configuring channel 1 to generate a bi-phasic rectangular pulse that
repeats indefinitely at a rate of 200 Hz.

Examine the controls for channel 1:

Parameters  Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start I {pA) Width (us) delay (ps) 1(pA) Width (us)  repetitions @ (Hz) © (ms) waveform pattern

cth1i @ . @ € = 100 =l 50 = 35 = -0 =150 2l L 200

The default configuration specifies a single biphasic pulse with a short inter-
phase delay. The first phase is +100 pA for 50 ps, the inter-phase is 0 pA for 25
us, and the second phase is —100 pA for 50 ps.

10
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To make it easier to see on the oscilloscope, we want to generate a continuously
repeating pulse instead of a single pulse. Locate the “No. of repetitions” control
at the right hand side of the row of controls and type “INF” in the control:

TIP
? Other methods of changing “No. of repetitions” to INF
If the No. of repetitions control is set to “1”” and you press the down

= arrow, the control will change to “INF”. You can also type “0” in the

control and when you click on any other control the 0 will change to
INF.

The controls for channel 1 should now look like this:

Parameters  Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start 1{pA) Width (us) delay (ps) 1(pA) Width (ps) | repetitions | @ (Hz) © (ms) waveform pattern

ctht @ o < 100 = o 25 £ -100 250 = INF = 200

The next step is to download the stimulation parameters into the stimulator
hardware. Click on the Load button at the far the left of the row of controls:

Parameters | Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start 1(pA) Width (us) delay (ps) I (nA) Width (us)  repetitions @ (Hz) O (ms) waveform pattern
ch 1 & @

Note that the GUI controls for configuring the pulse parameters become grayed
out once the channel has been loaded. To change the parameters you must go
back to “edit” mode.

Once the parameters for a channel have been loaded you may start the stimulation
by clicking on the Start button:

Parameters [ Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start 1 (pA) Width (ps) delay (ps) I (pA) Width (ps) repetitions  ® (Hz) O (ms) waveform pattern
il @ @ & @

The stimulation begins, and because the number of repetitions is set to infinite,
the pulses will continue until the Stop (or Edit) button is pressed.
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6.4 Verifying the Output on an Oscilloscope

Now examine the current and voltage waveforms on an oscilloscope to see if they
make sense. Note that both the current and voltage monitors output a voltage
signal and that there is a scaling factor that relates what you see on the monitor
output to what is happening at the electrode. The scale factor for the current
monitor is 2.5 mV/uA and by default the scale factor for the voltage monitor is
0.25 V/V. That means that if there is a 100 pA current flowing into the electrode
from the stimulator, the current monitor will read:

100 pAa x ESmV 250 mV
S5 —= m
A

Likewise, if the stimulator was applying 1V to the electrode, the voltage monitor
would read:

v
1V x 0.25 v 250 mV

The current monitor waveform you see should appear similar to the figure below:

Tek Aun Trig'd 2.200Hz Hoise Fiter
n T T T T T T

. ]: +250 {inV @ Iyon=+100 pA @ electrode

EI: A0 ; — Ly 1
- T 50ps. 25 1;5} 50 ps =250 MV @ Iyon = -100 pA @ electrode
[ 100 By I I lzu.n;Js | ,’1mlv 200,002 -k11l1;1u;nu : |

M302024 - 11:08:08 AM 47182011

At the beginning of the pulse, the current monitor (Iy;on) jumps from 0 mV to
+250 mV and stays at +250 mV for 50 ps. Then the current monitor drops back to
0 mV for 25 ps and finally drops to =250 mV for 50 us. Considering the 2.5 mV /
RLA scaling factor on the current monitor, these 250 mV steps represent current
steps of 100 pA as expected from our channel configuration settings. The
durations also match our settings.

The output of the voltage monitor is a bit more interesting:

12 PlexStim Electrical Stimulator



Tek Run Tria'd 2.200Hz Hoise Fiter

F Vonarce |0 | +266mVY@ Vo = 1.06 V@ electrode

Vicorss \]/ f P ) 125 m\z @ Vyon = 500 mV @ electrode

W MOM

CU50js 28RS 50s '

| J20.0.s | W 00002 M4 |
MS02024 - 11:12:30 AM 47182011

At the beginning of the pulse, the voltage monitor (Vy;on) jumps from 0 mV to

+125 mV, then linearly increases another 266 mV over the 50 ps duration of the
first phase. Considering the default scaling of the voltage monitor, the voltage at
the electrode initially jumps 500 mV and then increases another 1.06 V over the
course of the 50 us pulse.

The initial jump in the electrode voltage is due to a property of the electrode
called “access resistance”. In order to drive a current I into the electrode, we must
apply a voltage V to the electrode that satisfies Ohm’s law with respect to the
access resistance of the electrode:

VAEI‘_'E_‘-'_':-' = 'FEL-EI‘_' X RACCESE

The subsequent rise in electrode voltage during the first phase of the pulse is due
to charging of the electrode “capacitance.” By definition, the capacitance of the
electrode relates the voltage on the electrode to the amount of charge deposited
on the electrode:

==
v

Therefore, the rate at which the electrode voltage changes during the pulse is
directly proportional to the amount of current applied to the electrode and the
capacitance of the electrode:

dv_1dQ 1
dt Cdt ¢ EHE¢

The change in electrode voltage during the first phase of the pulse is thus given
by:

IELEI‘__ ® At

AV
c
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The access resistance and capacitance of the model electrodes on the test board
are 4.99 kQ and 4700 pF respectively. Therefore the expected initial voltage jump
for a 100 pA current is:

VAEEE_I:;_I:; = -lﬂﬂ IJ.A X 4',99 kﬂhm = 4‘99 Hﬂ-?

The expected voltage rise over the 50 ps duration 100 pA first phase of the pulse
is:

100 pd = 50 ps
Venaree = 4700 pF =106V

These calculated values are in agreement with the observations from the voltage
monitor.

Note also that when the current stops flowing at the end of the first phase the
voltage immediately drops by the same amount that it jumped at the beginning of
the pulse (Vaccgss)- The current during the interphase period is zero. With no
current flowing into the electrode, there is no voltage drop across the electrode
access resistance. Therefore the voltage during the inter-phase period is the same
as VegarGe- Since there is no current during the inter-phase period the voltage

also remains constant during this period.

Tek Run Trig'd 220MHz NoiseFilter

- D 7 VACCESS‘::: 500 mV @ electrode

'\EICH'AIR'G_}; =1.06 V @ electrode

W 0N

| J200.s | 13y 200002 H1 A4z |
MS02024 - 1112:30 AM 41182011
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7 Procedures and Examples

This section provides procedures for operating the stimulator.

Note that you will need an oscilloscope to see the output of the monitor channels.

IMPORTANT:
OBSERVE THE FOLLOWING SEQUENCE DURING ALL EXPERIMENTS:

TURN THE STIMULATOR POWER ON

LAUNCH THE USER INTERFACE PROGRAM

CONNECT THE STIMULATOR TO THE ELECTRODES
CONDUCT THE EXPERIMENT

CLOSE THE USER INTERFACE PROGRAM

DISCONNECT THE STIMULATOR FROM THE ELECTRODES
TURN THE STIMULATOR POWER OFF

NoghsrwdbE

i CAUTION
Use ONLY the model electrodes on the test board while you are
learning to operate the system.

The flowchart in Section 7.1, "Operational Flowchart” on page 16 summarizes
the basic operational steps for using the PlexStim Electrical Stimulator.

Note: If you have not already done so, it is recommended that you review the
information and procedures in Section 6, “Getting Started” on page 8.
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7.1 Operational Flowchart

Start Stim
Software

2

Function
Stimulate

Function
Z Test

Rectangular Arbitrary AUtOII;laa(;ciscally
Pulses Waveform
waveform
| | I
First phase
amplitude Load File Start
and width
J 1

Interphase
delay

Second phase
amplitude
and width

Number of
pulses

Number of
pulses

Rate

Rate

Trigger Mode

Trigger Mode

Load

Load

Start

Start

Monitor

0,0,0,0,0
00,008

Monitor

Vmon Scaling

Monitor

16

PlexStim Electrical Stimulator



7.2 Compliance Voltage and Stimulation Failure

It is important to monitor the electrode voltage during stimulation to verify that
the desired stimulation pattern was successfully applied to the electrode. There is
a maximum voltage, called the compliance voltage, that the stimulator can
output. Once the voltage on the electrode reaches the compliance voltage, the
stimulator can no longer drive current into the electrode. The successful delivery
of a given stimulation protocol will depend on the amplitude of the current pulse,
the duration of the pulse, the stimulator compliance limit, and the properties of
the electrode.

To see this effect, first stop the ongoing stimulation by pressing the Edit button
for channel 1:

Parameters)  Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start 1(pA) Width (us) delay (ps) I (pA) Width (ps)  repetitions @ (Hz) O (ms) waveform pattern
ch il @ ¢ ®@ ® = 100 ~! sp =l 25 =l -100 =l 50 = INF = 200

This stops the stimulation and returns the controls for channel to edit mode.

Next, increase the first phase width and second phase width parameters to 1000
us:

Parameters  Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start H{pA) Width (us) delay (ps) 1(pA) Width (ps} | repetitions @ (Hz) O (ms) waveform pattern
cth i @ o) Gl 5 +) 100 < 1000 i £ -100 =/ 1000 = INF = 00 0 Load Ch1

Then Load and Start channel 1:

Parameters) ( Stimulation) First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start 1(pA) Width (ps) delay (us) 1{pA) Width (ps) repetitions  ® (Hz) ©)(ms) waveform pattern
aille @ ® @ 0 00

Observe the current monitor output on the oscilloscope:

Tek Fun Trig'd

i‘h"[hl: 1

< S8 SO

~600 ps ~400 s} 1000 ps |

S50kHz Moise Fiter

- I +250 mV @ Iyoy = +100 pA @ electrode

I -250mV @IMON =-100 pA @ electrode

[ 100y By 40003 | W 200002 HeS42m |
MS02024 - 3:40:02 PM  418/2011
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Although the amplitude of the first phase still looks okay, the duration appears to
be too short and the duration of the inter-phase period appears to be too long.

To understand what is happening it is necessary to examine the voltage monitor
output:

Tek Fun . Trig'd . . . . GEikHz Moise Flita
: D -\'\ ) L : -
7 ; ; ARSSS
L r", >~ < ~ < .\-\ ~I ¢
++ 600 s ~400 st 1000 ps i

[ Jan0s | R 000021544 |
MS02024 - 34044 PM 41872011

Notice that for the first ~ 600 us, the voltage is increasing but that in the next ~
400 ps the voltage has reached a plateau of approximately 13V at the electrode
(3.25 V at the monitor channel). At this point, the compliance limit has been
reached, and the output current, as seen on the current monitor, drops to zero. The
voltage however stays at its maximum value just to maintain the electrode in its
charged state.

This example clearly illustrates the importance of monitoring the electrode
during stimulation. Monitoring the electrode is necessary to verify that the actual
output from the stimulator matches the programmed response.

7.3 Automatic Electrode Discharge

Take another look at the current monitor output shown in Section 7.2,
"Compliance Voltage and Stimulation Failure” on page 17. As we saw there, the
first phase current delivery was cut short because the voltage hit the compliance
limit. The amount of charge deposited on the electrode during this phase was less
than requested. Now look at the amount of charge removed from the electrode
during second phase of the pulse. The amount of charge removed from the
electrode during the second phase exceeds the amount of charge deposited during
the first phase. Consequently net charge was removed from the electrode during
the stimulation pulse. Even though the pulse was designed to be charge balanced
the actual delivery of the pulse was not balanced.

Take another look at the voltage monitor output. Notice that it returns to zero
after the end of the pulse. Ordinarily, if the pulse delivery was not balanced and
charge was left on the electrode then the voltage of the electrode would change
after each pulse. The only reason that this does NOT happen in the figures above
is that the stimulator has an automatic electrode discharge feature. By default the
stimulator automatically discharges the electrode during the inter-pulse interval
(in between pulses) and any time the channel is not stimulating (i.e. whenever the
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channel is in stop or edit mode). As an option for advanced users, the automatic
electrode discharge during the inter-pulse interval may be disabled. With this
feature turned off, the voltage on the electrode does in fact change after an un-
balanced pulse delivery. This is easily seen on the voltage monitor as shown in
the figure on the right below.

Tek Fun Triz'd . ; SElkHz_Mnise Fliwr 1 Tek Stop . . S50kHz_Noise Fliw
' Discharged SRR AR R Not discharged i
7 \ Wby ; E . Al ; E
=, h 4 ! i ,- ¥ : i
W MON o _\T —— WMON .o o - — - — — o i
[ ' ]auu;ls |&m f1::»mlv 200002 1;11%-12;43 | [ I I lauu;-s |i&m fmmlv <1u-k11l1;14;ua |

Automatic electrode dischargeturned on (default)

M3G2024 - 3:40:44 PM  418/2011

MS02024 - 11:12:03 AM 411972011

Automatic electrode dischargeturned off

Refer to Section 8.14, "Options: Discharge Mode” on page 42 for additional
details.

7.4 Arbitrary Waveforms and Complex Rectangular Pulses

The graphical user interface provides simple controls for creating bi-phasic
rectangular pulses and bursts of identical pulses. More complicated stimulation
patterns can be loaded from user-defined “arbitrary waveform pattern” text files.
The arbitrary waveform pattern can be used to create a complex stimulation
pattern like an action potential and can also be used to create more complicated
patterns of rectangular pulses than can be defined using the front panel GUI
controls. The format of the arbitrary waveform text file is defined in Section 8.5,
"Arbitrary Waveform Patterns” on page 32.

To load an arbitrary waveform for channel 1, make sure the channel is in the Edit
mode:

Parameters | Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start 1{pA) Width (us) delay (ps) 1(pA) Width (us)  repetitions  ® (Hz) © (ms) waveform pattern
ch 1 @ s @ € 2 100 = 1000 £ 25 = -100 = 1000 = INF =/ 200

Then click on the check box below the Arbitrary waveform pattern label:

Parameters  Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start 1(pA) Width (ps) delay (us) 1(pA) Width (us)  repetitions  ® (Hz) © (ms) waveform pattern
cthi @ @ ¢ 100 = 1000 25 -100 1000 L = a0 Eil Load Ch1 ]

Version 2

19



The GUI controls for defining a simple rectangular pulse become grayed out and
the Load Ch1 button becomes active. Click the Load Ch1 button to open a file
selection dialog and then select the file 3 pulse burst variable.pat:

Open @&‘

Look in: | (53 Waveform pattem files Vl € : = [k

|#]3_pulse_burst_fixed.pat
B3 pulse b 3

Ey.

't e_h le.pat

My Recent 3nﬂilntarphaseide\ay‘pat

Documents ﬂsme modulated pulses_var,pat
- |#] spike_s0k_20us pat

| spike:_40k_100u#. pat

|] spike_160k_20us.pat

|#] spike_16ak_100uA.pat

My Documents

My Computer
ﬁ;:; File hare |3_pulss_burst_variable pal v [ opn |
My Network | Files of bype: ‘Klb\lraly Pattern Files [ pat] ~| [ Cancel ]

The text in the button changes from “Load Ch1” to the name of the file selected:

Parameters  Stimulation First phase Interphase Second phase Na. of Rate Arbitrary
Edit Load Stop Start 1(pA) Width (us) delay (us) 1 (pA) Width (us)  repetitions @ (Hz) © (ms) waveform pattern

thi @ @ @ @ =1 100 = 1000 =125 =1 100 = 1000 L INF ~ 200 [¥] [3_pulse_burst_variable

A graphical representation of the waveform is displayed:

Channel 1 Waveform

2
§

Change the No. of repetitions to be 2 and the Rate to 1000 Hz:

Parameters  Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start 1{pA) Width (us) delay (ps) I (pA) Width (pus) | repetitions| |@ (Hz) O (ms) waveform pattern
i @ @ ® © =1 100 1000 =1 25 =1 100 = 1000 =12 =1 1000 [¥] [3_pulse_burst_variable |

Then Load and Start the channel:

First phase Interphase Second phase No. of Rate Arbitrary
1(pa) Width (us) delay (ps) I(MA)  Width(ps)  repetitions @ (Hz) ©(ms) waveform pattern
ch ® @ a @ =] 100 = 1000 =1 25 = 100 =1 1000 =3 =/ 1000 r:
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The output of the stimulator is:

Tek Run Tria? 550kHz Moise Filter
Rate (1000 Hz = ms) : i
b1 e Hrt EIJ —rt i
One waveform _ ; . i
[T 2005 & 124y < 10 He[ 100550

ME02024 - 10:03:50 AM  4/20/2011

Repeated twice (No. of pulses = 2)

7.5 Impedance Measurement

Impedance measurement is a typical means of characterizing electrodes.
Impedance measurement is typically accomplished by applying a very low
amplitude sinusoidal current to the electrode and monitoring the resulting voltage
developed across the electrode. The stimulator has a special impedance
measurement (Z-test mode) that automatically generates a £100 nA 1 kHz
sinusoid for impedance testing.

Locate the Function control towards the bottom of the GUT:

Vmeon Scaling Z conversion Function Trigger Mode Edit / Load Start Mode Menitor Channel
@o0.25vN @ stimuiate © Software © Individual @ Individual e @
D25 vy Vmen (mvpp) )2 Test (@) Rising ©) Edit Al (©) stop Al
@25 VN o @ Level @ Load Al @ start All
@250 WV Impedance (<)

Press the Z Test button to put the stimulator in impedance test mode:

Vmon Scaling Z conversion Function Trigger Mode Edit / Load Start Mode Monitor Channel

8 4000 3jmvpp © Stimiate 6 Software Individual S vl o1 -
1400 jmivpp Vmon (mVpp) ® ZTest Rising Edit Al O gop Al

Level @ Load Al O start Al

@40 Qfmvpp

D4 Qjmvpp Impedance (ki)

Notice that the Vmon scaling control changes and the default setting is now 4000
Q/mV,.

The controls for all channels become grayed out and a pre-defined arbitrary
waveform pattern called “Z_test” that codes for a +100 nA 1 kHz sinusoidal
current is automatically loaded for every channel:

Parameters  Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start 1{pA) Width (ps) delay (ps) 1(pA) Width (us)  repetitions @® (Hz) © (ms) waveform pattern
ch 1 & @ @ 9 100 1000 S 10 1000
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Click the start button to begin generating the sinusoidal current on channel 1:

Parameters
Edit Load

First phase Interphase Second phase No. of Rate Arbitrary
1(pA) Width (us) delay (ps) I (pA) Width (ps)  repetitions @ (Hz) ©) (ms) waveform pattern

100 1000 25 =1 -100 1000 =13 =1 1000 7 test

Observe the output of the voltage monitor on an oscilloscope. The voltage across
the electrode is a sinusoid with a peak to peak amplitude of ~ 7.60 mV:

Vmon Scaling el T v ! ! ! AMsASARARSRS 7
© 4000 Qe S R CR ‘:‘]
© %00 afmiep SUREEUUU U NS UOUR SURREUONN Mo sonen s
D40 Qfmipp ::} f/f""i\\ ; f,?h‘\- _aﬁ“ A fﬁ
oram TN NSNS N\ Y1700 @ Ve
B B e A R
[ I I I Im;:s 1l f—miu\-' mm;aa ]

MS02024 - 121440 PM - 4/19/2011

Try changing the Vmon scaling from 4000 /mV,, to 400 /mV,;:

Vmon Scaling Z conversion Function Trigger Mode Edit/Load Start Mode Monitor Channel

7 4000 2fmVpp © stmdate @ software Individual ° Individual e —
@ 400 Qjmvpp vimon (mvpp) @ 2Test Rising Edit All ©) stop All

Level @ Load Al ) start All

@40 2jmvpp

@4 nfmvpp Impedance (k<)

Now the output of the voltage monitor is a sinusoid with a peak to peak amplitude
of ~76.8 mV:

. Tek sup G50kHz Moise Fiter
Vmon Scaling T ; T T - . - :

() 4000 2fmVpp

@ 400 QymVpp

40 Qfmvpp

76.8 mV,,, @ Vyoy

D4 omvpp

| Tanous [ sounow 1000kHAz 1915 |
MS02024 - 12:17:15 PM  4/119/2011
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Continue to change the resolution of the monitor channel to obtain the largest
amplitude sinusoid on the monitor channel that is not clipping. Try 40 Q/mV;:

. Tek sop 550Kz Hoise Filter
Vmon Scaling ] T y T T T ] T
() 4000 Qfmvpp
1400 Dfmvpp )
B AT

. E o FE Y

@40 Qimipe , 856 mV,, @V
5 h Y i

. ) m

4 ofmvpp / Y 1 pPp MON
Y :
.
| Tan0us I roooyw 10000z |

MS0O2024 - 121916 PM 4/19/2011

When the Vmon scaling is changed to 4 (/mV ,;, the output of the monitor
channel starts to clip:

Tek stop S50kt Hoise Fites
Vmon Scaling : : : : : :
() 4000 Sfmipp

400 Qfmvpp

40 fmvpp \ o /

i i i i i i 3
[ ) T I romov A, 000k 2203

MS302024 - 12:20:03 PM 4/19/2011

To calculate the impedance of the electrode, multiply the peak to peak amplitude
observed on the voltage monitor by the Vmon scaling factor. In this case the peak
to peak amplitude signal on the voltage monitor is 856 mV,; and the Vmon

scaling is 40 (/mV ; so the impedance of the electrode is:

40 Ohm

Zgrze = 856 mV,, X = 34.2kOhm @ 1 kHz

Bp

This calculation can be performed by the software if you enter the peak to peak
amplitude (in millivolts) in the Vmon field under Z conversion.

Vmon Scaling Z conversion Function Trigger Mode Edit/Load Start Mode Monitor Channel
1) 4000 G2/mVpp ) stimulste @ Software Individual @ Individual pe—— @
400 fmipp ymon (mVpp) @ 7 Test Rising Edit All © Stop Al
@ ofmipp o Level @ Load Al O start Al
@4 nfmvpp Impedance (k&)

To obtain the most accurate impedance reading, you should adjust the scale factor
as described above to obtain the largest possible signal on the voltage monitor
that does not clip.
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The model electrodes on the test board have a resistance of 4.99 kQ) in series with
a 4700 pF capacitor. The expected impedance for this combination at 1 kHz is
34.2 kQ in agreement with the measurement above.

7.6 Working with Real Electrodes

In a typical experimental situation, the properties of the electrode may not be well
known and may vary over time. Characterizing the electrode in saline prior to
using it in vivo can provide valuable information about the condition of the
electrode. For example, measuring the impedance of the electrode before and
after implantation can help determine if the electrode was physically damaged
during the implantation process. Likewise estimating the impedance, access
resistance, and capacitance of the electrode periodically can provide clues as to
the stability of the electrode tissue interface over time.

This section shows some measurements obtained from a blunt cut 25 um
diameter platinum iridium micro-wire electrode in saline. All of the
measurements are taken using the same procedures outlined in the preceding
sections that were used with the model electrodes on the test board. If you have
not already done so, practice using the test board before trying to work with
electrodes in saline or trying to work with implanted electrodes.

First measure the impedance of the electrode. With the Vmon scaling set to 40 €3/
mV,,, the resulting voltage monitor output was 7.04 V,, implying an impedance

pp?
of 282 kQ:
Tek Aun ITn‘;’d i i . i 550kHz Moise Flitef 1
LA T, A\ WA W
u'M:N'\‘. .“f \.I-I- .rr" "1‘ __,.-"r ‘I"-. i ;_, f 704‘0 mVpp @ VMON = 282 kOhm
S U WO S D NN AU D W I
s N/ LN N i 2
o N '." L B el oo B P = P |
]

[ 200, I ooy 10000 kg4 |
MS02024 - 2:42:19 PM 419/2011

Next observe the response of the electrode to the default 100 pA 50 us
stimulation pulse.

24 PlexStim Electrical Stimulator



Current monitor:

Tek Run Tria? 220MHz_Noise Filter

ot e

- _ 250 mV'f@ Vmon =100 pA @ electrode

250 mVi@ Vyoy = 100 pA @ electrode

[ 100w By J200us | ey

<10H[SIE0 |

MS02024 - 3:34:11 PM 4/15/2011

Voltage monitor:

Tek Run __ Tria?

410 mV @ Vyoly

220MHz MNoise Fiter

hV @ Vyon = 264 V @ eled]

:1_64V@ele§,§liqq?..._§ . $I~

P ~ ~

250 MV @ Vyjgn =1V @ &

b N

T

25ps]

CSops

[rode

lectrode

[ I I I Izu.ulm

| ey < 10 He15:35:27

J

MS02024 - 3:33:28 PM 41572011

The current monitor output looks normal and the voltage remains well below the
compliance limit. The requested stimulation was successfully delivered.

Similar to the model electrodes on the load board, the voltage of the real electrode
shows a quick jump at the onset of the current followed by a more gradual
increase over the duration of the first phase. Although these are not as distinct as

they were with the model electrode, we can still interpret them in terms of the

access resistance and capacitance of the electrode.

An initial jump of 1.64V in response to a current of 100 pA implies an access

resistance of:

%
Raccess = 7~ 100 4 =164 k0

Version 2

25



And the subsequent increase in electrode voltage from 1.64 V to 2.64 V over the
course of the 50 pus pulse implies a capacitance of:

I x At 100 pd x 50 s

ELEC AV 1V n

It is tempting to try and relate the impedance of the electrode at 1 kHz to the
stimulation properties of the electrode, but this can be problematic. Electrode
impedance is typically measured at 1 kHz with extremely low currents while
stimulation is typically carried out with constant (DC) current of a much larger
amplitude. The properties of an electrode in saline are more correctly the
properties of the electrode electrolyte interface and those properties can vary with
frequency, applied voltage, time, and other factors.

For example, you can estimate the equivalent capacitance of the electrode from
the impedance measurement. The impedance of a capacitor C at a frequency fis
given by:

1

z"Ez":H

So the estimated capacitance of an electrode with impedance of 282 kQ at 1 KHz
is:

1 1

st~ onf/z/  2m(1kHz)(282 k() n

Note that the capacitance estimated from the impedance measurement is nearly
an order of magnitude smaller than the capacitance of the electrode estimated
from a constant (DC) current pulse.

7.7 Starting Stimulation from a Digital Input

To start stimulation from a digital input first configure the pulse parameters or
load an arbitrary waveform for the channel or channels you want to stimulate.
Next, find the Trigger Mode control at the bottom of the screen. There are two
digital input trigger modes, Rising and Level. In the Rising trigger mode,
stimulation begins when the digital input for the channel transitions from low
(~0V) to high (~5V). In the Level trigger mode, stimulation also begins when the
digital input transitions from low to high, but in Level trigger mode, if the digital
input is still high when the stimulation protocol completes, the stimulation
protocol will begin again. Note that once the stimulation pattern is triggered by
the digital input, it will play to completion even if the digital input goes low. This
helps guard against unbalanced charge delivery.
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Configure channel 1 using the “3 pulse burst variable” arbitrary pattern and set
the No. of repetitions to 2 and the Rate to 1000 Hz:

Parameters  Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start I{pA) Width (us) delay (ps) 1(pA) Width (ps)  repetitions | @ (Hz) © (ms) waveform pattern
ch 1 @ ] @ & =10 1000 =hl] -0 = 1000 & 1000 [¥] [3_pulse_burst_variable

Now select the Rising Trigger Mode:

Vmon Scaling Z conversion Function Trigger Mode Edit / Load Start Mode Monitor Channel
@0.25VN @ gtmuate () Software @ Individual @ Individual e —— @
2.5 W Vmon (mVpp) @z Test @) Rising @ Edit Al Stop Al
@5 ww o @ Level ) Load All Start All
@250 UV Impedance (<)

Download the stimulation parameters to the stimulator by selecting Load:

Parameters ) Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start 1{pA) Width (ps) delay (ps) I (wA) Width (ps)  repetitions @ (Hz) O (ms) waveform pattern

@ 100 1000 25 -100 1000 = 2 . 1000 3_pulse_burst_variable

The stimulator is now armed and when the digital input for channel 1 goes high,
the stimulation pattern consisting of two repeats of the “3 pulse burst” waveform
starts and plays to completion:

Tekfun Tng’-‘ Rate 110z NoiseFiter

Waveform #1 Waveform #2

e T : | ) Y

[

et
e ———
i

|

MS02024 - 51440 PM 472372011

Compare that with the output in Level trigger mode. To switch to Level trigger
mode, you must first change channel 1 to Edit mode:

Parameters)| Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start I{pA) Width (us) delay (ps) 1(pA) Width (ps)  repetitions  © (Hz) & (ms) waveform pattern
ch p 0 =5 = -100 1000 iy =/ 1000 =
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Then switch to Level trigger mode:

Vmon Scaling Z conversion Function Trigger Mode Edit / Load Start Mode Meanitor Channel

@ 0. - Vi C al
0.25VN @ stimulate Software Individual Individual Chamel 1 = e
25 W vman (mvpp) 2Test Rising Edit All Stop Al

© Level Load All Start All

E

250 VNV Impedance (k)

Finally load channel 1 again:

Parameters) Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start I(pA)  Width (us) delay (ps) I(uA)  Width(us)  repetitions @ (Hz) ©)(ms) waveform pattern
ch 1l @ @ 100 1000 25

The stimulator is now armed and when the digital input for channel 1 goes high,
the stimulation pattern starts and plays to completion:

Tekmn  Trg? Rate _ Rate Rate Noise Fifter Off
/ : / : N ; '

o e
Imon J\r[ [ HLH

i : :

! ~

. N

1st Pattern - 2ndPattern

Digital input; high, start again |

PR P

In Level trigger mode however, if the digital input is high after the end of the first
stimulation pattern, the stimulation pattern will play again in such a way that the
frequency of the waveforms is maintained.

7.8 Stopping Stimulation

Most stimulation protocols are of finite duration and once they have been started
will run to completion and then stop automatically. Some stimulation protocols
however may be defined with very long intervals or with a very large or even
infinite number of repetitions. It may become desirable to stop these protocols
before completion. An ongoing stimulation protocol can be stopped by pressing
the Stop, Edit, Stop All, Edit All, or Abort controls, or by closing the user
interface. Pressing the Stop or Edit control for a particular channel causes the
stimulation in progress on that channel to stop. Pressing the Stop All, Edit All, or
Abort controls, or closing the user interface causes stimulation to stop on all
channels.

If there is a pulse or waveform in progress when a Stop, Edit, Stop All, or Edit
All command is issued, the stimulator will allow that pulse or waveform to
complete before stopping the stimulation. Most rectangular pulse and arbitrary
waveforms are designed to be charge balanced. That is, they are designed such
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that the net charge deposited on the electrode over the course of the pulse or
waveform is zero. By allowing the pulse or waveform that is in progress to
complete, the stop mechanism helps to preserve that charge balance.

Pressing the Abort button or closing the user interface causes the stimulation to
stop immediately even if there is a pulse or arbitrary waveform playback in
progress. Even though this temporarily results in an unbalanced stimulation, the
automatic electrode discharge feature (see Section 7.3, "Automatic Electrode
Discharge” on page 18) prevents long term charge accumulation on the electrode.

Refer to Section 8.12, "ABORT” on page 40 for some examples.

8 GUI Function Reference

8.1 Parameters Edit/Load

Parameters | Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start 1(pA) Width (us) delay (ps) 1 (pA) Width (us)  repetitions @ (Hz) @ (ms) waveform pattern

cth 1l @ @ =/ 100 =] 50 =125 “) -100 < 50 =1 = 200

Note:  The Edit/Load controls may be grayed out if the Edit All or Load All control is

selected.
8.1.1 Edit
The stimulation parameters for a channel can only be changed when the channel
is in edit mode. Press the Edit button to put the channel in edit mode.
Pressing the Edit button will cause any stimulation pattern that is in progress on
the channel to stop.
8.1.2 Load

Once the stimulation parameters for a channel have been configured, press the
Load button to download the configuration to the stimulator hardware. Once the
stimulation parameters have been downloaded to the stimulator, the channel
configuration controls become grayed out.

8.2 Stimulation Stop/Start

Parameters | Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start 1{pA) Width (ps) delay (us) 1{uA) Width (us)  repetitions  © (Hz) © (ms) waveform pattern

ch 1| @ O =1 100 =] 50 =25 £ -100 2 50 =1 = 200

Note:  The Start/Stop controls may be grayed out if the Stop All or Start All control is
selected.

8.2.1 Stop

Press the Stop button to stop a stimulation pattern that is in progress. When Stop
is clicked in the middle of a pulse or arbitrary waveform output, the remainder of
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that pulse or arbitrary waveform will play to completion. This helps preserve
charge balance in the stimulation output. Any remaining pulses in the pattern will
not be played.

Tek Run Tria? SS0kHz Moise Filter
i ' : : Stop Command

: L= :
Eoo.oi.o oo b A=/ . Remainder of currentpulse/waveform completes

e g

‘Subseduent pulses do not play

[ 00 by [A00ms | i < HZ25ds |
MS02024 - 12:253:44 PM 42472011

8.2.2 Start

Press the Start button to initiate playback of the stimulation pattern for the
channel when the trigger mode is set to software. The stimulation parameters for
the channel must be loaded before the start button can work.

8.3 Rectangular Pulse Parameters
Parameters  Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start 1(pA) Width (ps) delay (us) 1(pA) Width (ps) | repetitions @ (Hz) & (ms) waveform pattern
thi @ @ @ € = 100 =l 50 =125 = -100 = 50 S5 ! 200 & Load Chi

The graphical user interface provides controls for defining the amplitude and
duration parameters of a bi-phasic rectangular pulse:

TekK Run Tria? 2.20MHz_ Noise Filter
1% phase arpplitude. SURTEIN A SO SR ¥
E : Int¢rphase delay : : : ]
i on _ : : : [ ]
: ) : litud
.1*phasewidth =} 2" phasewidth T
S S
[ 100y Inu I I Izu.u;.»s Jlij Iﬂﬂn‘ln'u' '<1n~|;[1l1;5d;az |

ME02024 - 11:52:21 AM 472472011

8.3.1 First Phase Amplitude
The first phase amplitude may range from +1000 pA to -1000 pA in steps of
1 pA.

8.3.2 First Phase Width
The first phase width may range from 5 ps to 65535 ps in steps of 1 ps.
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8.3.3 Interphase Delay

The interphase delay is the time between the first and second phases. The
interphase delay may range from 5 ps to 65535us in steps of 1 ps. The current
output is zero during the interphase delay.

8.3.4 Second Phase Amplitude

The second phase amplitude may range from +1000 pA to -1000 pA in steps of 1
pHA.

8.3.5 Second Phase Width
The second phase width may range from 5 ps to 65535 us in steps of 1 ps.

If the charge delivered in the second phase is not equal and opposite to the charge
delivered in the first phase, then a warning will pop up when you attempt to load
the stimulation parameters. The net charge imbalance per pulse is also given in
the warning.

Warning [_Ji:h

O ) The waveform as configured is not balanced.
" Net charge: 1.0e-001 nC
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8.4 Number of Repetitions and Pulse Rate

Parameters Stimulation First phase Interphase Second phase
Edit Load Stop Start 1 (pA) Width (us) delay (us) 1 (pA) Width (ps)

Arbitrary
waveform pattern

ch1 @ " ® = 100 = 5p =l 25 =/ -100 =50

Tek Py Tria? Sh0MHz MoiseFiter
Rate : :

EI{1 MON | i — i ‘f|

s .Numberbfrepétitions =3

[ 100y By [100us | AN L |
MS02024 - 11:56:33 AM 42472011

8.4.1 No. of Repetitions

8.4.2 Rate

The number of repetitions is simply the number of times that the bi-phasic pulse
(defined using the GUI controls) or the arbitrary waveform (loaded from a text
file) is repeated. The number of repetitions can range from 1 to 32767. An infinite
number of repetitions can also be generated by typing “0” or “INF” in the control.
The defined number of pulses or waveforms will be generated every time the
channel is started.

The rate is the frequency at which the defined pulse or arbitrary waveform is
repeated, expressed in Hertz, or the time between the start of one pulse or
arbitrary waveform and the start of the next pulse or arbitrary waveform,
expressed in milliseconds. Use the radio buttons to select whether to express the
rate in Hertz or in milliseconds. The maximum time between pulses is 125000 ms
corresponding to a minimum rate of 0.008 Hz. The minimum time between
pulses generally depends on the length of the pulse or arbitrary waveform that is
being repeated. The time between pulses must include the duration of the pulse
and at least 5 us between pulses. For example a pulse that lasts for 200 ps must be
repeated at a rate less than 4878 Hz since 1/(200 ps + 5 ps) ~ 4878 Hz. The rate
parameter may be entered in steps of 0.001 ms (1 ps).

8.5 Arbitrary Waveform Patterns

This section describes the arbitrary waveform pattern file formats (fixed
sampling rate and variable sampling rate) and explains where to find several
examples of these files.

Parameters  Stimulation First phase Interphase Second phase No. of
Edit Load Stop Start 1{pA) Width (ps) delay (us) I (pA) Width (ps)  repetitions @

cth1i @ E ® =] 100 = =125 <) -100 = =11
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Arbitrary waveform patterns are stimulation patterns that are defined in text files
with a .pat extension. Check the box at the far right of the row of controls next to
where it says arbitrary waveform pattern to disable the rectangular pulse controls
and enable the arbitrary waveform pattern load button. Click on the Load Ch N
button to select and open an arbitrary waveform file. When the file is opened, a
graphical representation of the arbitrary waveform is displayed.

Note: If any channels have been configured to use an arbitrary waveform pattern,
neither the fact that the channel has been configured to use an arbitrary
waveform pattern nor the name of the arbitrary waveform pattern is saved to
the configuration file when you close the GUI. You must manually configure
channels to use arbitrary waveform patterns and manually load the arbitrary
waveform patterns for those channels each time you launch the GUI.

8.5.1 Fixed Sampling Rate

In the fixed sampling rate file format, the first line of the file contains the
keyword “fixed”. The second line of the file codes for a single duration parameter
expressed in microseconds. The subsequent lines of the file contain a series of
current amplitude values expressed in nanoamps. When the stimulation pattern is
played back, each current amplitude from the file is played for the fixed amount
of time specified by the duration parameter. The fixed sampling rate format is
especially useful for coding continuously varying shapes such as the action
potential waveform.

| spike_40k_500uA.pat - Notepad || = B Channel 2 Waveform -2
File Edit Format View Help

fixed -

25

74000

95000

110000

112000 o,

78000 i

-23000 =

-192000 g

-374000 E

-494000 =

-500000

-402000

-241000

-62000

101000

227000

303000 .

329000 e
314000

272000 Time (jr]
217000

160000

107000
62000
26000
3000
-20000
-33000
-42000
-47000
-50000
-50000
-45000

4 3

The file can contain up to 999 amplitude values. The duration parameter can
range from 1 ps to 65535 ps. The current amplitudes can range from -1,000,000
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nA to +1,000,000 nA in steps of 1 nA. Note however that the actual resolution of
the stimulator output in stimulation mode is ~ 30 nA and all current amplitudes
will be rounded to the nearest possible output value. For example an amplitude
value of 15 nA will be rounded down to 0 nA and an amplitude value of 16 nA
will be rounded up to 30 nA.

8.5.2 Variable Sampling Rate

In the variable sampling rate file format, the first line of the file contains the
keyword “variable”. The second line of the file codes for a current amplitude and
the third line of the file codes for the duration that the amplitude on line two
should be played Subsequent lines in the file code for additional amplitude
duration pairs. When the stimulation pattern is played back, each current
amplitude is played for the specific duration associated with that amplitude. The
variable sampling rate format is especially useful for coding complex patterns of

rectangular pulses.
f Channel 2 Waveform Ié]1

j sample_variable_pattern.pat .. | = = d&J
File Edit Format View Help
variable -
100000
30
0 _
25 3
-150000 2
75 g o
0 5
200 =
150000
75
0
50
-100000
50
4 F

The file can contain up to 499 amplitude duration pairs. The duration parameter
can range from 1 ps to 65535 ps. The current amplitudes can range from -
1,000,000 nA to +1,000, 000 nA in steps of 1 nA. Note however that the actual
resolution of the stimulator output in stimulation mode is ~ 30 nA and all current
amplitudes will be rounded to the nearest possible output value. For example an
amplitude value of 15 nA will be rounded down to 0 nA and an amplitude value
of 16 nA will be rounded up to 30 nA.

As with rectangular pulses, the arbitrary pattern should be charge balanced,
meaning that the same amount of current is deposited and withdrawn from the
electrode. The Stim2 software will automatically analyze the loaded file and give
a warning if the net charge is not zero.

rWarning &11

I '\-.I The waveform as configured is not balanced.
" Netcharge: 1.5e-002 nC
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8.5.3 Example Arbitrary Waveform Pattern Files

Several example arbitrary waveform files are installed with the PlexStim
Stimulator software. These files were designed to illustrate how to use arbitrary
waveform files and some of the things you can accomplish using arbitrary
waveform files. Each file is described briefly below. By default these files are
installed in the directory “C:\PlexonData\Stim-2\Waveform pattern files.” The
files can be opened with any text editor (e.g. Notepad).

“3 pulse burst fixed.pat” and “3 pulse burst variable.pat” both code for an
identical sequence of three pulses. These files illustrate the two different arbitrary
waveform file formats. One file is coded using the fixed sampling rate format
described in Section 8.5.1, "Fixed Sampling Rate” on page 33 and the other is
coded using the variable sampling rate format described in Section 8.5.2,
"Variable Sampling Rate” on page 34. Creating an arbitrary waveform file
containing multiple rectangular pulses is useful for creating complex temporal
patterns of rectangular pulses that cannot be created using the GUI controls alone.
For instance, a sequence consisting of bursts separated by idle periods can be
created by defining the burst in an arbitrary waveform pattern file and then using
the GUI controls to repeat the burst with the desired amount of time in between
bursts. See Section 7.4, "Arbitrary Waveforms and Complex Rectangular Pulses”
on page 19 for an example of such a waveform created using the

“3 pulse burst variable.pat” arbitrary waveform pattern file.

When using the GUI controls to define rectangular pulses, the minimum
interphase delay (the time between the two pulse phases) that can be entered is 5
us. You can however define a pulse with zero interphase delay by using an
arbitrary waveform file. This is illustrated in the file “no_interphase delay.pat”.

The file “sine modulated pulses var.pat” contains a sequence of pulses delivered
at 150 Hz whose amplitudes are modulated by a 5 Hz sinusoidal envelope. Such
amplitude modulated stimulation patterns can be used to mimic theta rhythm and
other oscillatory brain patterns.

The files “spike 40k 20uA.pat” and “spike 40k 100uA.pat” are actual
extracellular spike waveforms recorded with an acquisition system that was
sampling at 40 kHz. These files illustrate the extreme flexibility of arbitrary
waveform patterns. The two files represent two different scaling of the original
extracellular voltage recording into current. In one the minimum voltage of the
action potential was scaled to 20 pA and in the other it was scaled to 100 pA.

The files “spike 160k 20uA.pat” and “spike 160k 100uA.pat” illustrate the
ability of the stimulator to play back waveforms at very high sampling rates.
These files are based on the same data as their “40k” counterparts described
above, but the original 40 kHz spike waveform has been interpolated and up-
sampled to 167 kHz. This results in a noticeably smoother waveform on
playback.

Version 2

35



8.6 Vmon Scaling and Z Conversion

The Voltage monitor scaling control indicates the relationship between the
voltage at the monitor channel and the voltage at the electrode. The behavior of
the control depends on whether the stimulator is in stimulation mode or
impedance test mode as described below.

8.6.1 Vmon Scaling (Stimulation Mode)

Vimon Scaling Tek fun Trig'd i . - . 220MHz Naisc!rlic( _
@ 0,25V
25 vy A T e i i ;
. L SR I
Ll . L +266 mV@ Vy,,yF 1.06V @ electrode

250 v } e : 1

W ¥ Mo W i ;

[ J2n0us I Rk 00z |

MS02024 - 1112230 AM - 4/18/2011

When the stimulator function is set to stimulate the voltage monitor scaling is
expressed as the number of volts at the monitor channel output for each volt at the
electrode. By default the scaling is 0.25 V/V meaning that a 1 V signal at the
electrode will appear as 0.25 V on the monitor channel. This setting is
appropriate for most electrodes. Adjusting the Vmon scaling might only be
necessary to help resolve small voltages when stimulating with extremely low
impedance electrodes. Divide the voltage observed on the monitor output by the
scale factor to determine the voltage at the electrode. Note that if the Vmon
scaling is set higher than 0.25V/V, then the output of the voltage monitor will
saturate before the compliance limit is reached and the may not reflect the actual

voltage at the electrode. See Section 9.7, "Voltage Monitor” on page 48 for
additional details.

8.6.2 Vmon Scaling (Z Test Mode)

Vmon Scaling Tek stop SE0kHz MoiseFiter
4000 2fmvon S S o '
400 Qfmvpp Lo P Lo
@40 fmvpp bl : e ¢.\ g
N AR LI TN A
T4 Qfmipp T ¥ :f.' 3 7
i, { | i Y % f
WM H \ F \ 3 _
ST S S \856 MY, @ Vyoy = 34240 Ohm
LY g
- 1
I J4n0.us I sooov 0000k ZA07 |

MS02024 - 121916 PM 4/18/2011

When the stimulator function is set to impedance test (Z test) a | kHz +£100 nA
sinusoidal current is applied to the electrode and the resulting peak to peak
voltage elicited across the electrode indicates the impedance of the electrode.
Adjust the Vmon scaling control to obtain the largest peak to peak signal on the
monitor channel that is not clipping. Measure the peak to peak amplitude of the
signal on the voltage monitor in millivolts and multiply the reading by the scale
factor to obtain the electrode impedance in Ohms:

36

PlexStim Electrical Stimulator



400
656 ml,, x = 34240 0
re
8.6.3 Z Conversion
Vmon Scaling Z conversion

4000 Q/mvVpp 55

400 Q/mvpp Vmon (mVpp)
@40 Qmvpp 342

4 Qfmvpp Impedance (k)

The Z conversion control calculates the electrode impedance from the voltage
measurement you provide. Enter the peak to peak voltage expressed in millivolts
that you observed on the voltage monitor output. The control calculates and
displays the corresponding electrode impedance expressed in k€ The voltage
monitor scale factor is handled automatically for you.

8.7 Function Stimulate / Function Z Test

Vmon Scaling Z conversion Function Trigger Mode Edit/Load Start Mode Meanitor Channel
@ 025V @ stmte @ software @ Individual @ mndividual

Channel 1~ A
25 W vimen (mVpp) ITest Rising Edit Al Stop All

Level Start All
s Wy Le Load Al

250 WV Impedance (k)

8.7.1 Stimulate Mode
Select stimulate mode for rectangular pulse or arbitrary waveform stimulation.

8.7.2 Impedance Test Mode

Select impedance test (Z Test) mode to perform impedance testing on electrodes.
In impedance test mode, a 1 kHz =100 nA sinusoidal stimulation pattern is
automatically selected and loaded for each channel. Start stimulation on a
channel and observe the voltage monitor output for that channel to determine the
impedance of the electrode. See Section 7.5, "Impedance Measurement” on
page 21 for an example.
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8.8 Trigger Mode

Vimon Scaling Z conversion Function Trigger Mode Edit/Load Start Mode Monitor Channel

@ @ Vi @
0,25V & Stimilate Software © Individuzl Individual Chamnel 1 =
25 VY Vmon (miop) Zrest Rising Edit All Stop All

Level Load Al start Al

3’ Wy

250 VY Impedance (k&)

The trigger mode determines how stimulation is initiated. The three Trigger
Mode options, Software, Rising, and Level are described below. In all cases, the
stimulation pattern for the channel must be defined and loaded before it can be
triggered.

8.8.1 Software Trigger Mode

In Software mode, stimulation is initiated by clicking on the Start or Start All
button in the GUI. Each time Start or Start All is pressed, the stimulation pattern
for the channel is initiated.

8.8.2 Rising Edge Trigger Mode

In the Rising trigger mode, stimulation begins when the digital input for the
channel transitions from low (~0V) to high (~5V). The latency from digital input
to stimulation onset is about 2 ps.

Tek Run Tria? 110k -z Moise Fiter T

Waveform #1 - Waveform #2

MS02024 - 10:57:46 AM  4/25/2011

In the example above, the stimulation pattern consists of two repetitions of a
3-pulse burst arbitrary waveform. The stimulation pattern is initiated by the rising
edge in the digital input marked 1. Once the stimulation pattern is triggered it will
play to completion even if the digital input goes low during the stimulation. If
another rising edge occurs during the stimulation pattern it is ignored (e.g. the
rising edge marked 2 is ignored).

8.8.3 Level Trigger Mode

In the Level trigger mode, stimulation also begins when the digital input for the
channel transitions from low (~0V) to high (~5V), but in level trigger mode, the
digital input is checked again after the end of the stimulation pattern. If the digital
input is high after the end of the first stimulation pattern, the pattern will play
again in such a way that the frequency of the waveforms is maintained.
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Digital input high, start again

Note that the digital input does not have to stay high, it only has to be high at the
appropriate time for the stimulation pattern to repeat. In the example above, the
stimulation pattern consists of two repetitions of the “3 pulse burst” arbitrary
waveform. The stimulation pattern is initiated by the rising edge in the digital
input marked 1. Because the digital input is high after the first stimulation pattern
(at the point marked 2) the stimulation pattern starts playing a second time. The
fact that the digital input went low and then high again during the first pattern has
no effect on the output.

8.9 Edit/Load All

Vmon Scaling Z conversion Function
@025V

Trigger Mode Edit/ Load Start Mode Monitor Channel

Channel 1~ @

@ Stmulate © software @ Individual @ Individual

25 Vv vmon (mvpp) ZTest 7 Rising Edit All Stop All

Level Start Al
5 Wy Level Load Al

250 VN Impedance (k)

When the Edit/Load control is in Individual mode, the mode of each channel can
be configured using the individual Edit and Load controls in the row of controls
dedicated to that channel. Pressing the Edit All button causes all channels to
switch to parameter editing mode. Note that pressing Edit All will cause any
stimulation pattern in progress on any channel to stop. Pressing the Load All
button will cause the stimulation parameters for all channels to be downloaded
into the stimulator.

Pressing Edit All or Load All will also cause individual channel edit and load
controls to be grayed out. Press the Individual button to configure the mode of
each channel independently of the others.

TIP
Resetting Edit/Load control
You probably want to return the Edit/Load control to Individual

after pressing Edit All or Load All, and there is no reason not to
do so.
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8.10 Start Mode

9

Vmon Scaling Z conversion Function Trigger Mode Edit / Load Start Mode Meanitor Channel

@0 o) Softw C °
0.25% @ stmulate Software Individual Individual fE—— o
25 Vv Vmen (m¥pp) 7 Test Rising Edit Al Stop All

Level Load All Start Al

5 Wy

250 WV Impedance (ks2)

When the Start Mode control is in Individual mode, each channel and can be
started or stopped using the individual Start and Stop controls in the row of
controls dedicated to that channel. Refer to Section 8.2, "Stimulation Stop/Start”
on page 29 for a description of Stop and Start.

Pressing Stop All is a convenient way to stop the stimulation in progress on every
channel. Pressing Start All is a convenient way to start the stimulation protocol
on every channel. Pressing Start All is also the only way to start stimulation on
multiple channels simultaneously from the GUI. Complex multichannel
stimulation protocols can be initiated using the Start All function. First define
and load the appropriate stimulation pattern for the channels you wish to
stimulate and then initiate the multichannel stimulation pattern by pressing the
Start All button.

Note that pressing Stop All or Start All causes the individual channel Stop and
Start controls to be grayed out. Press the Individual button to start or stop
channels independently.

TIP

Resetting Start Mode

You probably want to return the Start Mode to Individual after
pressing Stop All or Start All, and there is no reason not to do so.

8.11 Monitor Channel

8.12 ABORT

Vimon Scaling Z conversion Function Trigger Mode Edit /Load Start Mode Moniter Channe)
@o0.25v @ Stimulate ©) software & Individual &) Indvidual pe—— o
25 vy Vmon (miipp) ZTest ") Rising Edit Al Stop Al

Level Start Al
25 WiV L Load All

250 Vv Impedance (k2)

Use the dropdown menu to select one channel for display on the voltage and
current monitor outputs. Only one channel may be monitored a time. Connect the
current and voltage monitor outputs to an oscilloscope using standard BNC
cables to see the stimulation pattern that is being applied to the selected electrode.

Pressing the red ABORT button will cause all stimulation to stop immediately
even if there is a pulse or arbitrary waveform in progress. This is in contrast to
stopping stimulation by pressing Stop, Stop All, Edit or Edit All, in which a
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pulse or arbitrary waveform that is in progress will play to completion. Pressing
ABORT also causes all channels to return to the edit mode. If the stimulator is in
impedance test mode, it will return to stimulate mode.

Consider a complete stimulation pattern that is composed of four pulses:

Tek fun Tria? S5(kHz Moise Fiter

R ERIRRIER e

[ 00y By Ji00ms | 0wy ci0HfzaE |
MS02024 - 12:24:10 PM  4/24/2011

Pressing Stop, Stop All, Edit or Edit All in the middle of the third pulse causes
the stimulation to end after the third pulse completes. Allowing the pulse to
complete helps to preserve charge balance.

Tek Fun Tria? GEikHz Moise Fiter
: ' ' Stop :

10N ——t ; ; ;

) Pulse in‘progress cdmpletes

[ 100wy By [100ms | A <10H1z25as |
MS02024 - 12:23:44 PM 4/24/2011

Pressing Abort in the middle of third pulse results in a truncated third pulse and
an unbalanced stimulation, but is the fastest way to stop an ongoing stimulation.

AI/'A'BOH

1
H i
. 1 . .
. 1 . .
. 1 . . : N
. 1 .
N 1 B

LV 'Pu1§s'e'i'n' p'r'ogrfess d@es NOT complete

Tek Run Tria?

S50kHz Noise Filter

[ 1n0my By J300ms | <i0Hz2509 |
MSO2024 - 12:23:02 PM  4/24/2011
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8.13 File Open / File Save

8.14 Options:

A

The rectangular pulse parameters (phase amplitude, phase width, inter-phase
delay, No. of repetitions, and rate) for all channels can be saved to a user named
file for future use by clicking the Save icon or by selecting Save from the File
menu. These configuration files have an extension of “.stm”. The default location
for these files is the directory “C:\PlexonData\Stim-2\Configuration files.”

In addition, whenever you close the stimulator user interface, the current values
of the rectangular pulse parameters are automatically saved to a file called
“LastConfig.stm” in the directory “C:\PlexonData\Stim-2\Configuration files.” These
parameters are then automatically re-loaded the next time you open the user
interface.

The default values of the rectangular pulse parameters are stored in a read only
file called “Factory Default.stm” in the directory “C:\PlexonData\Stim-2\
Configuration files.” If you open the “Factory Default.stm” file just after launching
the software you will restore the GUI controls to their factory fresh state.

Note that some configured values are used during the current session only, and
are not saved to the configuration file:

* Arbitrary waveform pattern—If any channels have been configured to use an
arbitrary waveform pattern, neither the fact that the channel has been
configured to use an arbitrary waveform pattern nor the name of the arbitrary
waveform pattern is saved to the configuration file. You must manually
configure channels to use arbitrary waveform patterns and manually load the
arbitrary waveform patterns for those channels each time you launch the GUI.

* Discharge mode and digital output mode settings—The settings for these two
parameters are not saved to the configuration file. Each time you launch the
GUI, the system resets these parameters to their default values. If you want
either or both of these parameters to have a non-default value, you must
manually set them each time you launch the GUI. See Section 8.14, "Options:
Discharge Mode” on page 42 and Section 8.15, "Options: Digital Output
Mode” on page 44 for further details.

Discharge Mode

CAUTION

Only advanced users who fully understand the implications
should attempt to change the Discharge mode setting. If you
have any questions do NOT change the Discharge mode setting.

Even when the stimulator is programmed to deliver a “balanced” stimulation in
which equal amounts of charge are deposited on and removed from the electrode,
a net accumulation of charge on the electrode can occur. This accumulation of
charge can occur when the compliance limit is reached during the stimulation
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(see Section 7.2, "Compliance Voltage and Stimulation Failure” on page 17) or
because the electrode response or circuit response is not perfectly linear. The
accumulation of charge will result in a slow drifting of the electrode baseline
voltage over time and can result in the electrode staying at excessive voltages for
prolonged periods of time. In order to guard against unintentional electrode
charging, all electrodes are automatically discharged between pulses and any time
the channel is not stimulating. Advanced users ONLY may disable the automatic
discharge of the electrodes that occurs between pulses. Note however, that
disabling automatic electrode discharge can lead to excessive voltages
developing on the electrode during extended stimulation patterns. It is essential to
monitor the voltage of the electrodes frequently when the automatic electrode
discharge feature is disabled. To disable this feature, select Discharge mode from
the Options menu and then select NO.

r
' Cptions: Discharge mode L&J

}? Plexon: Stimulator - 2.0

File Edit View | Options | About Discharge electrodes during inter-pulse interval
= | = | Discharge mode 7 NO
——___ —— Digital cutput mode @ YES
|| = -

j CAUTION
The system applies the Discharge mode setting during the
current session only, and it is not saved when you close the
session. Each time you launch the PlexStim GUI, the system
automatically defaults the Discharge mode parameter to YES
(discharge electrodes during the inter-pulse interval).
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8.15 Options: Digital Output Mode

Each stimulator channel has a dedicated digital output that indicates when
stimulation is occurring on that channel. The digital output is always high during
the pulse or arbitrary waveform output, but the user can control the state of the
digital output during the time in between pulses or arbitrary waveforms by
selecting Digital output mode from the Options menu.

Digital output mode set to Low during inter-pulse interval:

BT T LT T T T T 55m‘.ﬂz L F!iw Options: Digital output mode &J
H 1 Digital output during inter-pulse interval
: : 5 ) High
e R e e i |
@) Low
Waveform nterpulse Waveform
[ 200 by S00Y Iztmm | fmmv <1[I§-kl15.-13 43

MS02024 - 3:41:48 PM 402002011

Digital output mode set to High during inter-pulse interval:

> . —_—
[BLA T Tng? T T T T ALl F!iw Options: Digital cutput mode &J
: Digital output during inter-pulse interval
| : : : : | ! @) High
Igmrﬂ_npr...: R . .E P -
: = ] =) ]—| ©) Low

- Waveform Interpulse Waveform
[ 200mv By 5004 J200.us len f2ﬁl]l.-' <1l]§-kl13;l1334
MS02024 - T:01:34 PM  4/20/2011

There is also a 171 digital output that goes high when ANY channel is playing

back a stimulation waveform.

Digital output 17 with Digital output mode set to Low during inter-pulse

interval:
[[B1Am T LY T T T T SSIJIEH: i F!iw Options: Digital cutput made &J
| ..... | ' J . l ' | T k o " Digital output during inter-pulse interval
oL our 7 ! I :
; : () High
§ QM B (R
[CH ; sl : @) Low
IV

MS02024 - 4:02:18 PM - 4/20/2011
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Digital output 17 with Digital output mode set to High during inter-pulse

interval:
LRI LI T T T Ll N-:isv:F!Iw Options: Digital output mode L&J
4:_30”.‘;.'_0”1;1?- J ) . ) . - o ) L__ _j Digital output during inter-pulse interval
: : . I : 1 .
I._:."_...E.. H__R’J-LI L ]I\IJ_”J-[I _ a:li
-t AU i
SRS U | O (1 | O AT P
CH2 = mmmm = L L B

MS02024 - 71140 PM 42002011

j CAUTION

The system applies the Digital output mode setting during the
current session only, and it is not saved when you close the
session. Each time you launch the PlexStim GUI, the system
automatically defaults the Digital output mode parameter to
Low (digital output goes low during the inter-pulse interval).
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9 Input and Output Connectors

9.1 Power In

9.2 Digital In

9.3 USB 2.0

This information is provided for reference only. Use the recommended Plexon
power supply and cable to power the stimulator. The power input connector is a
2.5mm inner/5.5mm outer barrel connector (Switchcraft L712RA). The
stimulator operates from a +12V power supply.

POWER IN Pin Function
(@J Center +12V

Outside Earth Ground

z
S F

>
gbmma
Dbg‘—‘ﬁ'—*c\r\mm‘—c
[ e e N N = = =
r 1 1 1 & ¢ 1 1 1 1
T T B o P < O SN T B o B
™ = = =

b = 2 =
S OO RN O o
|
el

— e e e e

o
S @
00
=
SIS

Each channel in the stimulator has a dedicated digital input (DI) that can initiate
stimulation on that channel. See Section 7.7, "Starting Stimulation from a Digital
Input” on page 26 and Section 8.8, "Trigger Mode” on page 38. The inputs are
TTL compatible.

The stimulator has a mini type B USB 2.0 receptacle for communications with
the host computer. The USB receptacle on the stimulator is connected to digital
10 ground. The USB connector on the host computer is typically connected to the
AC wall outlet ground. Therefore, the USB cable typically connects the digital IO
ground on the stimulator to the AC wall outlet ground.
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9.4 Stim Out

The stimulation output connector is where the stimulation currents exit the box.
Note that the Analog 1O ground is isolated from the Digital IO ground and from
the AC wall outlet ground.

25 - Analog 10 GND

21-Ch 15 Out

19 -Ch 13 Out

17 -Ch 11 Out
7 -Ch7 Out
5-Ch50ut
3-Ch3Out
1-Ch10ut

15 -Ch 9 Out
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9.5 Digital Out

Digital outputs 1 — 16 indicate when the corresponding channels are stimulating.
Digital output 17 goes high when any channel is stimulating. See Section 8.15,
"Options: Digital Output Mode” on page 44, for additional details.
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9.6 Current Monitor

Tek fun Trig'd 2:20MHz Moise Fiter
R T T T T T |

STIM OUT

s ) \) DIGITAL OUT
MONITO |

NIT

$ 250 MV @ I 04~ 10) 1A @ electrode

POWER Ty

o

; ¥
(O 20,0108 | 200,002 Fe[11:10:00 |

MS02024 - 11:08:08 AM 41872011

The current monitor displays a scaled representation of the actual current flowing
into the selected electrode at any given time. The scaling factor for the current
monitor output is 2.5 mV/pA. A 100 pA signal at the electrode will appear as a
250 mV signal on the oscilloscope. Use an oscilloscope to observe the current
monitor output.

Note that the outer contact of the current monitor BNC connector is connected to
analog 1O ground. The outer contact of the BNC connectors on many
oscilloscopes is connected to the AC wall outlet ground. Therefore connecting a
BNC cable between the current monitor output and an oscilloscope will typically
connect the stimulator analog IO ground to the AC wall outlet ground.

If the output of the current monitor does not appear to match the stimulation
pattern you requested, refer to Section 6.4, "Verifying the Output on an
Oscilloscope” on page 12, and Section 7.2, "Compliance Voltage and Stimulation
Failure” on page 17.

9.7 Voltage Monitor

~ - Tekfun _ Togd L20MHz Noise Flter
. ) \) DIGITAL OUT
T STIM OUT H - i [
MONITO | : I : : i
T T 1 39T mV@ Vo =1.56V @ electrode
POWER : . MON 7
VMO f q’ - . -
i
[ 200 | WaEa I |
MS02024 - 11:12:30 AM 41182011

In stimulation mode, the voltage monitor outputs a voltage that is proportional to
the voltage being applied to the selected electrode. Refer to Section 6.4,
"Verifying the Output on an Oscilloscope” on page 12 for some examples. By
default the Vmon scaling (see Section 8.6.1, "Vmon Scaling (Stimulation Mode)”
on page 36) is set to 0.25 V/V and the voltage monitor output is one fourth the
actual voltage at the electrode. This setting is appropriate for almost all
electrodes. Note that the output range of the voltage monitor is +£3.25 V. If the
Vmon scaling is set higher than 0.25V/V, then the output of the voltage monitor
will saturate before the compliance limit is reached and the may not reflect the
actual voltage at the electrode. For example, with the Vmon scaling set to 2.5 V/
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V, the voltage monitor will saturate when the electrode voltage is only 1.3V,
which is well below the maximum stimulator output voltage.

In Z test mode, the voltage monitor outputs a voltage that is proportional to the
impedance of the electrode. See Section 7.5, "Impedance Measurement” on
page 21 and Section 8.6, "Vmon Scaling and Z Conversion” on page 36 for
additional details.

Note that the outer contact of the voltage monitor BNC connector is connected to
analog IO ground. The outer contact of the BNC connectors on many
oscilloscopes is connected to the AC wall outlet ground. Therefore connecting a
BNC cable between the voltage monitor output and an oscilloscope will typically
connect the stimulator analog IO ground to the AC wall outlet ground.
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9.8 Stimulation Cable
The pinout for the stimulation cable, Plexon PN 14-03-A-03, is shown below.
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9.9 Ground/Common Access Points

/77 oM
150

The PlexStim Electrical Stimulator is electrically isolated. This means that there
is no relation between the return path of the stimulation current (Analog 1O
GND) and earth ground. There are connections on the back of the stimulator that
give access to both earth ground (rake symbol) and the return path of the
stimulation current, Analog IO GND (marked COM ISO). The plugs are
designed to fit a 0.080” (2mm) connector (Johnson Components PN 105-0304-
001). The connections can be used to connect the isolated return to the common
of another isolated system, or to earth ground the stimulator. Note that connecting
COM ISO to anything that is not electrically isolated will break the isolation of
the stimulator.
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10 PlexStim Stimulator Limitations

10.1 Maximum Compliance Voltage Varies with Stimulation Amplitude

The “compliance voltage” or maximum voltage that the stimulator will deliver to
an electrode varies with the stimulation current as shown in the graph below. For
very low stimulation currents the maximum voltage the stimulator will deliver is
+13.5 V. The compliance voltage decreases linearly with increasing stimulation
current. At the maximum output current of =1 mA, the compliance voltage is
reduced to £8.5 V.

Simulator Compliance Voltage

14

12

=
o

Maximum Voltage Output (V)
el
T
L

O L L L L L L L L L
0 100 200 300 400 500 600 700 800 900 1000
Stimulator Current Output (UA)

There is a 5 kQ resistor in series with the current output. As with any resistor,
there is a voltage drop across the resistor that is proportional to the current going
through the resistor (V = I*R). The voltage drop across this resistor is used to
measure the actual output current, but reduces the voltage available to deliver to
the electrode.

10.2 Power on/off Transients

To avoid transients at the stimulator outputs caused by turning the power on and
off, the following sequence is recommended for conducting a stimulation
experiment:

TURN THE STIMULATOR POWER ON

LAUNCH THE USER INTERFACE PROGRAM

CONNECT THE STIMULATOR TO THE ELECTRODES
CONDUCT THE EXPERIMENT

CLOSE THE USER INTERFACE PROGRAM

DISCONNECT THE STIMULATOR FROM THE ELECTRODES
TURN THE STIMULATOR POWER OFF

Nog,rowdE

Do not turn the power supply to the stimulator on and off rapidly.
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Transients may occur at the stimulator digital and current outputs when the
stimulator power supply is turned on. A typical power on voltage transient is
shown below:

TekPreu  Trig? Moise Filter D
T ! T

o

Power On

P PP |

J[.00ms @ . 120my < 10 Hz[11:52:53
MS02024 - 11:46:58 AM 10/8/2014

PEEErE r—
(@® 500my By

A typical transient on the digital output may reach ~1.5 V and last ~300 ps. A
typical transient on the current output may reach ~1.5 Vpp and last ~1.5 ms. For
this reason, it is advisable to not connect the stimulator outputs to the electrode
implant until after the stimulator power has been turned on.

A transient may occur at the stimulator current output when the power is turned
off. A typical power off voltage transient is shown below.

Tek Run Trig? _ Noise Filter Off
: ~22D ms :
..... <>-
BB ichout : A A A 1SS e :
: /’ 2 ‘ : 1-
.,.1-2.V..,/,:,‘ U T DI PN
[Dfoo ’T .
. Power ‘ ‘ S T
s00my_ By UgER 500mv  ByJ[40.0ms @ -160mv <10H[14:43:12

MS02024 - 2:43:11 PM  10/8/2014

A typical transient on the current output may reach ~1.2Vpp and last ~220 ms.
For this reason, it is advisable to disconnect the stimulator from the electrodes
before turning the power off.

10.3 Current Monitor with an Open Circuit

Ideally, when no electrode is connected to the stimulator output, the current
monitor should always read 0V. However, some artifacts may appear on the
current monitor when the programmed current output changes rapidly. For
example, stimulating with a rectangular pulse pattern when no electrode is
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connected will result in transients on the current monitor at the beginning and end
of each phase of the pulse as shown below.

2.20MHz_Noise Filter

Stop

)

[40.00s 177600 us|[@  -240mY 403,067 Hal
500mY |@@Mesn  -234mv  @@Mean 000V |

Whenever the current monitor does not appear to match the requested stimulation
pattern, the voltage monitor should be examined. Refer to section Section 6.4,
"Verifying the Output on an Oscilloscope” on page 12, and Section 7.2,
"Compliance Voltage and Stimulation Failure” on page 17.

10.4 Impedance Test with an Open Circuit

Ideally, if no electrode is connected to the stimulator (or the connection to the
electrode is broken) then the impedance test procedure would indicate
infinite impedance. However, due to stray capacitance in the output of the
stimulator and in the cabling to the electrode, the impedance test procedure
will yield a finite but large impedance result. With no cable connected to the
stimulator, this open circuit impedance will vary from channel to channel and
will typically range from 5.5 MQ to 11.5 MQ. With the 14-03-A-03
stimulation cable connected to the stimulator, but no electrodes connected to
the cable, the open circuit impedance will typically range from 1.5 MQ to 5.75
MQ.
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11 Specifications

General

Dimensions  power supply

5.7inx2.5inx 1.3 in

stimulator 8.2inx2.8inx4.1in
Weight power supply 0.9 lbs
stimulator 2.0 lbs

Power requirements

100 - 240 VAC,50/60 Hz, 2 A

Operating Systems Windows® 7 or Windows® 10
Interface USB 2.0 (mini type B)
Analog outputs

Stimulation mode

Current Control

Number of analog output channels

16 outputs and 1 return on each device.
Channels are independent. Up to 64 channels
if four devices are used simultaneously.

Maximum Current +1 mA (Stimulation mode)
Resolution 16 bits
Output current resolution 30 nA (Stimulation mode)

Compliance voltage

10V@ 700 pA  (See Section 10.1)

Temporal resolution

1ps

Output rise time 1.25 ps 100 pA, 10 kQ load
Minimum pulse width 5us

Minimum pulse rate 0.008 Hz (125 s)

Maximum pulse rate 100 kHz

Digital inputs/outputs

Number of digital inputs 16

Number of digital outputs 17

Digital input levels

TTL, Low < 0.8V, High > 2.0V

Digital output levels

HCT, Low < 0.33V, High > 3.84V

Digital input/output latency ~2 s
Maximum trigger rate 100 kHz
Minimum trigger pulse width 1 s
Arbitrary waveforms

Maximum sample points 999
Maximum update rate 1 MHz (1 ps)
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12 List of Related Documents

In addition to this user guide, the following PlexStim Stimulator documents are
available on either the Software Downloads or the Documentation web pages
(see www.plexon.com):

PlexStim Electrical Stimulator Data Sheet

PlexStim Electrical Stimulator DLL Guide

PyPlexStim Technical Guide

PlexStim Electrical Stimulator MATLAB API Definitions
PlexStim Electrical Stimulator Change Log

Instructions for how to import the PlexStim DLL into LabVIEW™ can be found
in Appendix A.
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Plexon Inc

Ap
Importing PlexStim DLL into LabVIEW

pendix A
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A.2
A.3
A4
A5
A.6
A7
A.8

INEFOAUCHION ... A-2
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A.1l Introduction

The PlexStim dynamic link library (DLL) provides a mechanism for user-written
programs to operate PlexStim Stimulator hardware. This document outlines the
process of importing the Revision 2.3.17.0 PlexStim DLL into LabVIEW™ g0
that the stimulator can be controlled from user-written LabVIEW programs.

The basic process of importing a DLL into LabVIEW is fairly straightforward
and automatic. Note however that during the automatic import process several of
the functions will not import correctly and the VIs corresponding to these
functions will need to be corrected. The LabVIEW error handling function for the
imported library also requires a slight modification. Finally an optional step can
be taken to provide LabVIEW with the English language descriptions of the error
codes provided by the PlexStim Stimulator library.

PlexStim Stimulator Revision 2.3.17.0 DLL contains several changes that will
not be compatible with programs written for earlier versions of the DLL. User
programs will likely need to be modified before they can function with the
Revision 2.3.17.0 DLL. In particular, the return value of all functions in the DLL
is now an integer value that represents the error status of that function call.
Furthermore all functions use a unified error reporting code. In previous versions
of the DLL some functions returned nothing (void), an error code, a parameter
value, or reported a combination of error code and parameter value. See the
PlexStim DLL change log (14-20-D-18) for a complete listing of the functions
that have changed and a description of the changes.

The revision 2.3.17.0 DLL will not recognize PlexStim Stimulators manufactured
prior to April 2015 that have not been upgraded. See the Section 2, “Version and
Compatibility Notice” on page 2 for additional details.

If you are running a 64-bit version of LabVIEW, you must import the 64-bit
version of the PlexStim DLL and if you are running a 32-bit version of
LabVIEW, you must import the 32-bit version of the PlexStim DLL.

As new LabVIEW software is issued by the owner of that product, it is possible
that the process of loading the PlexStim DLL into a later version of LabVIEW
might be somewhat different than the procedure presented in this Appendix. If
you experience any difficulties loading the DLL, contact Plexon support by
telephone at +1 214-369-4957 or by email at support@plexon.com.

A.2 Hardware Compatibility

PlexStim.dll Version 2.3.17.0 is designed to operate with PlexStim Stimulators
running firmware Revision A (Firmware part number 14-20-A-07-A).
Stimulators that were manufactured with revision blank firmware (14-20-A-07)
will generally not be recognized by the 2.3.17.0 DLL as valid stimulators.

Stimulators of hardware Revision F (14-20-A-10-F) are the first stimulators
originally manufactured with Revision A firmware. Examine the labels on the
bottom of the stimulator to determine the firmware and hardware revision. If your
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A.3 Basic

stimulator is not revision F or later or does not have revision A or later firmware,
contact Plexon support for information on upgrading the firmware in your
stimulator. Please note that after the stimulator Hardware/Firmware has been
upgraded you will be required to use the Revision 2.3.17.0 or later DLL to
operate the stimulator as prior revisions of the DLL will not function properly
with the upgraded hardware/firmware.

DLL Import

If you have previously imported the PlexStim Stimulator library into LabVIEW
and you are now updating the library, make sure to close any VIs that might make
use of the library before proceeding. Ideally only the LabVIEW “Getting Started”

screen should be open:

i3 Getting Started

[

Eile Operate Tools Help

T LabVIEW

New
%), Blank V1

| ) Empty Project

) VIfrom Template...

£ More..

Open
g} EA.AREFControlivproj
[l E\.AREFControlivproj

] CDP_TESTai

=) VISA_PXI testi

[l CDP_TEST2wi

[} CDP_FTDLOPEN_PORT.vi

s, CDP_FTDLOPEN_AND_INIT_PORT.vi

|m}, CDP_FTDIPICK_STIMULATORS_FROM_LIST i
|} CDP_GUI_select_from _list.vi

3 Browse...

Licensed for Professional Version

Latest from ni.com
LabVIEW News
LabVIEW in Action
Example Programs
Training Resources

Online Support
Discussion Forums
Code Sharing
KnowledgeBase
Request Support

Help
Getting Started with LabVIEW
List of All New Features

Q Find Examples...

&3 Find Instrument Drivers...

(=) Find LabVIEW Add-ons...

Q
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1 From the Tools menu, select import, shared library.

The Import Shared Library dialog opens.

3 Import Shared Library iy @1
i NATIONAL
Specify Create or Update Mode INSTRUMENTS

(@ Create Vs for a shared library

Creates Vs based on the header file and shared library file you provide,
() Update VIs for a shared library

Updates previously imported Vs for the following project libraries

il Project DLL File
PlexStim. hlib PlexStirn.dil
okFrontPanel ik okFrontPanel.dil

Back Next ][ Cancel ][ Help

2 Note that there are two options available in this dialog:

» Create VIs for a shared library (default)
e Update Vis for a shared library

If this is the first time you are importing the PlexStim library into LabVIEW, the
applicable option is already checked by default, so just click Next.

If you have previously imported an earlier version of the PlexStim library into
LabVIEW, select this option and then select the PlexStim.lvlib from the list of
libraries. Then click Next.
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3 When the next dialog opens, click each of the folder icons to browse to the location
of PlexStim.dll (or PlexStim64.dll if you are using a 64-bit version of LabVIEW) and
PlexStim.h files on your computer.

I3 Import Shared Library - @‘
. ' NATIONAL
Select Shared Library and Header File INSTRUMENTS

Shared Library (.dll}) File
E:\NewBench_T34000Stimulator\STIM2_SDK\2 2\ C&C++ SDK for PlexStim 2.0 - 32 bit\PlexStim.dil @

[ Shared library file is not on the local machine

I Header (.h) File
E:\NewBench_T34004Stimulator\STIM2_SDKN2 24 C&IC++ SDK for PlexStim 2.0 - 32 bit\PlexStim.h @

Back I ‘ Next ] [ Cancel ] [ Help

By default, LabVIEW assumes the PlexStim.h file is in the same path as the
PlexStim.dll file. If you want to specify a different path, click the folder icon, then
browse and select the folder containing the PlexStim.h file.

Note: In addition to PlexStim.h, the PlexStim library makes use of another header file
PlexStimTypes.h. The path to this additional header file will be specified on the
next screen.

4 Click Next.
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A new dialog opens.

I3 Import Shared Library m‘
Configure Include Paths and Preprocessor Definitions |NAT|II?JNMAL 5

Include Paths . . ﬁ | Jj. i

Preprocessor Definitions (use ;' to separate multiple preprocessor definitions)

Back ] [ Mext ] [ Cancel l [ Help

Click the new folder icon in the upper right portion of the window. This creates a line
in the box labeled Include Paths. Select the folder that contains the PlexStimTypes.h
file (not the file, the folder it is in). No Preprocessor Definitions are required.

i3 Import Shared Library @1
Configure Include Paths and Preprocessor Definitions INATIII?J';IAL 5

[Lists the paths to the header files you want ta include,

Preprocessor Definitions (use ' to separate multiple preprocessor definitions)

Back ] [ Mest ] [ Cancel ] [ Help
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Click Next.

A new dialog opens.

In this dialog, verify that LabVIEW recognizes 45 functions, all of which are selected

for import by default. Accept the default selections, then click Next:

-
Eb- 3 Import Shared Library

Select Functions to Convert

NATIONAL
INSTRUMENTS

The shared library contains 45 functien(s), among which the declarations of 45 function(s) are found and recognized

in the header file and these function(s) can be wrapped,

PS_Abort

PS_AbortAll ()
PS_ChannelStimStarted ()
P5_ClosedllStim ()
PS5_CloseStim ()
PS_GetArbPatternPoints ()
PS_GetArbPatternPointsi )
PS_GetArbPatternPointsY ()
PS_GetAutoDischarge ()
PS_GetDescription ()
P5_GetDigitalOutputMede 0
P5_GetExtendedErrorInfo ()
PS_GetFwVersion ()
PS_GetMonitorChannel ()
P5_GetMNChannels ()
PS_GetMNPointsArbPattern ()
PS_GetNStim ()
P5_GetPatternType ()
PS_GetPeriod ()
P5S_GetRate ()
P5_GetRectParam ()
PS_GetRepetitions ()

[T DE FatCarialblimbher 11

m

[ checkan | [Uncheck Al

P5_Abort
long * IP5_Abort@@YAHH@Z(long
StimM];

===

-

Back ] [

MNext ][ Cancel ][ Help
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8 When the next dialog opens, make sure the “Copy the shared library” box is
checked, then click Next

§3 Import Shared Library I&J
Configure Project Library Settings IHSA'}.III?INHJ:E'NTS
Project Library Mame (vib)
PlexStim
fl Project Library Path
C:\Program Files (:x86)\Mational Instruments\LabVIEW 2011'\user.lib'\PlexStim =
[7] Copy the shared library file to the destination directory.
Back J | MNext ] [ Cancel ] [ Help

9 (If required) If you chose to “Update” an existing library at the beginning of the import
process (in Step 2), you might now get an error stating that the folder you specified is
not empty:

3 ==

The folder you specified is not empty.
Please choose another folder name. If you
want to update an existing project library,
use the Back button and choose the
Update option to proceed.

If you see this error notification, click OK, browse to and rename the indicated folder
for the existing library (for example by adding “backup” at the end of the folder
name). Then click Next again.

10 LabVIEW provides several modes for error handling, including “No Error Handling”,
“Simple Error Handling”, “Function Returns Error Code/Status”, and “Call Another
Function to Check Errors.” In the 2.3.17.0 version of the PlexStim DLL, the return
value of all functions is an error/status code. This behavior meshes well with the
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LabVIEW “Function Returns Error Code/Status” mode. Select this mode to have
LabVIEW automatically convert the function return value into a LabVIEW error.

3 Import Shared Library @
i NATIONAL
Select Error Handling Mode INSTRUMENTS'

Error Handling Mode
Function Returns Error Code/Status |z|

Example Block Diagram

error in {no error)

[==%
etror out
Devire Mumber
bt
w5 =]
Yalue
Service Channel
152
Data Qutput
Eus]
DMa Channel
Des Words
i
1
Data
[usy

You want te call the generated function enly when there are ne errors in.
The functien returns an error code/status and converts that error or warning cede to an error cluster.

Back ] [ MNext ] [ Cancel ] [ Help

11 Click Next.

12 On the next screen, leave the settings as they are and just click Next.

3 Impaort Shared Library @

. NATIONAL
Configure VIs and Controls INSTRUMENTS

» | Settings | Nare and Description

P5_Abortall
-& | PS_ChannelStimStarted
% | PS_ClasedllStirm

-2 | PS_CloseStim

0 j PS:Get&erattOemPUimts 0 [Tl Reentrant Executian Sarme As Caller
& | PS_GetirbPatternPoints¥
& | PS_GetfrbPatternPointsy

-2 | PS_GethutoDischarge

W1 Execution Praperties Preferred Execution System

[ | P5_GetDescription ) E Call Library Mode Settings

% | P5_GetDigital Outputhdode | Thread Calling Corwention

-5 | PS_GetFwifersion () P .

5| PS5 GetManitarChannel () i Rur in U thread - stdcall (WINAPD
-1 | PE_GetMChannels ) Run i any thread @

i | P5_GetMNPaointsfrbPattern O
2| PS_GetMStim

i | PS_GetPatternType

i | P5_GetPeriod

Declaration in Header File

(55 ] PS_GetRate 0 PLEXSTIM_APTint  PS_Abortfint StirnM): =
& PS:GatRectParam Q i
- | PS_GetRepetitions () =
-i | PS_GetSerialNumber () Function Name
% | PS_GetStimPatternDuration () PS Abort -
-3 | PS_GetTriggerhode
(-2 | PS_Get¥monScaling =
-2 | PS_InitdIStm § y
(12 | PS_IsWavefarmBalanced ) Call Library Function Mode Prototype
Bl PS:LuadAIIChannels ] long 5 Abort@@YAHH@Zlang StirmMy; 5
-2 | PS_Load&rbPattern o8
g S ; -
Back ] [ Mext ] [ Cancel ] l Help
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13 A summary is displayed, click Next to continue.

£ Impart Shared Library

Generation Summary

The selected shared librany and head file:

The generated files are installed in the following folder:
CAFrogram Files (xB6)\National Instrurnents\LabWIEW 20114us erlibbPlexStim

The generated kdib narme:
PlexStim.ldib

The errar handling mode:
Sitmple Errar Handling

Total number of selected function{s): 44

PLEXSTIM_&PLint  PS_Ahort{int StimM);

PLEXSTIM_&PIvaid PS_Abartall{vaid);

PLEXSTIM_2&PI bool PS_ChannelStimStarted(int StimM, int ChM);

PLEXSTIM_APIvaid PE_CloseAllStim (waid);

PLEXSTIM_APLint  PS_CloseStimiint StimM);

PLEXSTIM_APL int PS_GetdrbPatternPoints{int StimM, int ChiN, int NPoints, int* Coords);
PLEXSTIM_&PT int PS_GetdrbPatternPoints)(int StimM, int ChM, int NPaints, int* XCoords);
PLEXSTIM_&PLint PS_GetdrbPatternPointsY(int StimM, int ChN, int NPaints, int* ¥Coords);
PLEXETIM_APLint P& GetAutoDischarge(int StimM, bool *bDischarge);

PLEXSTIM_APL int PS_GetDescription{int StimM, char *description);

PLEXSTIM_&PI PS_DIGITAL_OUTPUT PS_GetDigitalOutputhdode(int StirMN);
PLEXSTIM_&PL int PS_GetPwtersioniint StimM, int *fue_wersion);

PLEXSTIM_&PLint PS5 _GetManitorChannelint StimM);

PLEXSTIM_APLint  PS GetMNChannels{int StirmM);

PLEXSTIM_APLint  PS_GetMPointsArbPattern{int StimM, int Chiy;

PLEXSTIM_&PLint  PS_GetMStimivaid);

PLEXSTIM_APIPS_PATTERM_TYPE  P5_GetPatternTypedint Stirnl, int ChiNy:

AIEETTh A ANT ... RE A amoio s

EtMewBench_T3400%\Stimulatorali Firmarehali's lakest (AP22, DLL 2.3.12.0, GUI 2,290 PlexStim. dll
EnMewBench T3400%\StimulatorAli FirmarebAli's lakest (AP22, DLL 2,3.12.0, GUI 2,290\ Plex3tim.h

NATIONAL
INSTRUMENTS

m

I Back ] [ Mext l I Cancel ] l Help

14 LabVIEW displays a progress bar (left) and then finally finishes (right)l.

Click Finish.

A3 1mport Shared Library 5= A3 Trnport Shared Libeary (==
== =]
Ganerntlon Progresz NATIONAL Finish MATIONAL
9 VIWRUMENTS INSTRUMENTS
| Qpen the gensrated Hbrary
Generate VI: 5 Get Arb Paltern Pomts X
View the repurt
Cancel | | Help Back | [ Finmh aricel | [ Help

The library has now been imported into the user.lib subdirectory of the LabVIEW

folder.

Note however, that several of the library functions do NOT get imported correctly
and the LabVIEW error handling function also requires adjustment. The next
sections provide instructions for addressing these issues.
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A.4 Correcting Import Errors

Several functions in the PlexStim library return an array of values. This array of
values is passed using a pointer. The user of the function passes a pointer to an
array to the function and the function populates the memory area specified by that
pointer with the requested values. Before calling such a function, however, it is
necessary to allocate enough memory space to accommodate the returned values.

Unfortunately LabVIEW cannot allocate this memory until we tell it how much
information will be returned by the function. Since LabVIEW did not have this
information at the time the function was imported, it was not able to correctly
allocate the required memory and the corresponding functions must be manually
edited to supply this information.

A.4.1 PS_GetArbPatternPointsX
As an example, consider the library function PS_GetArbPatternPointsX:

int PS_GetArbPatternPointsX(int StimN, int ChN, int NPoints, int* XCoords);
1 View the Context Help window for this library function.
Note that this function returns the X coordinates that would be useful for drawing the

stimulation pattern associated with a particular channel. LabVIEW assigns both an
input called XCoords and an output called XCoords out.

Context Help |E|

PlexStim.Ivlib:PS Get Arb Pattern Points X.vi

XCoords I—XCoords out
StimM e function return
Chi - ok
NPoints error out

errar in (no errar)

PLEXSTIM_APT int P5_GetArbPatternPointsX(int
StimM, int ChM, int NPoints, int™ XCoords);

[E[&[7] « >
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The block diagram for this function is shown below. Notice that the type of both
“XCoords” and “XCoords out” is a single 132 (32 bit integer), not an array:

I3 PlexStim.Ivlib:PS Get Arb Pattern Points X.vi Block Diagram - NSNS
File Edit View Project Operate Tools Window Help {%
(1] [10][][25] el 1308 Appcaton one 1~ ] B i 65~ ][ | 9|

-

|PLD(STIM_API int P5_GetfArbPatternPointsX(int StimM, int ChiM, int NPoints, int* XCoords);

error in (no error)

2 You do not need to access the XCoords input, but you do need to allocate sufficient
memory to store the correct number of coordinates. You also need the output to be
an array of 132 instead of a single value.

To accomplish this, double click on the “Call Library Function Node” icon to bring up
the Call Library Function dialog, then click on the Parameters tab and select the
XCoords parameter.

Call Library Function ﬁ

y - =
| Function Parameters | Callbacks | Emor Checking

Current parameter

return type -

StimMN

ChN [+

MNP oints Type Numeric E

Constant
Data type Signed 32-bit Integer |v|
;l Pass Pointer to Value i;
L]
=

Function prototype
int32_t 1PS_GetArbPatternPointsX@ BYAHHHHPAH@Z(int32_t StimN, int32_t ChN, int32_t NPoints, int32_t *XCoords);

[ 0K | Cancel { Help |
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Change the Type from Numeric to Array.

Call Library Function ﬁ
3 4 =
| Function | Parameters | Callbacks | Emor Checking
I |
. Current parameter
return type -
StimMN
i E MName XCoords
NPoints Type|Arra -
yP Y
Constant
E] Data type Signed 32-bit Integer |v|
—l Dimensions 1
Array format Array Data Pointer [~
- Minimum size © None> :
|
Function prototype

int32_t PS_GetArbPatternPointsX@@YAHHHHPAH@Z(int32_t StimN, int32_t ChN, int32_t NPoints, int32_t *XCoords):

[ 0K | Cancel l Help |

Click OK. The Block diagram of the function is now broken:

{3 Plexstimiviib:PS Get Arb Pattern Points X.vi Block Diagram = —; =& X )
File Edit View Project Operate Tools Window Help {%
E“}_ﬁ} ()IEI Lo|F ot ‘liptApp\icat\Un Font |= ||$;.-||Fu:v||@‘;v|’_7ﬁ % ”‘?‘ At

=

|PLEXSTIM_API int PS_GetArbPatternPointsX(int StimM, int ChN, int NPoints, int* XCoords);

error in (no error) |
(s Y P i ] i

m

Delete the XCoords control and XCoords out indicator. Then right click on the broken

wire on the lower right hand corner of the Call Library Function Node (where

XCoords out used to be) and select create, indicator to create a new indicator for the

array output.

The function returns an array of NPaoints in length. On the input (left) side of the
Node, use the Initialize Array VI to create an array of 132 of size NPoints and connect

Version 2
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that to the input of the Node. The resulting block diagram should appear as shown

below.

I3 PlexStimvlib:PS Get Arb Pattern Points X.i Block Diagram

=ET)

File Edit Yiew Project Operate Tools Window Help

FLEGET]
et

o | & E ‘L.u|la’ 1 |15ptApp\icatinn Font |« ||$,;.v H'-_u_'nv | |@‘;v ||1>’é| s ,?‘

Ak

-

|PLE)(ST[M,API int PS_GetArbPatternPointsX(int StimM, int ChM, int NPoints, int™ XCoords);

error in (no error)
stimN[El———
-

NPoints
O

j.b@

T}

m

7 Next go to the front panel of the VI:

Re-link the new XCoords output array to the output terminal of the VI by first clicking
on the terminal indicated by the red arrow in the figure below, and then clicking on
the XCoords indicator (green arrow below). Then save the VI. The VI is ready to use.

13 PlexStim.Ivlib:PS Get Arb Pattern Points X.vi Front Panel

(o] B |

File Edit View Project Operate Tools Window Help

@[] [15et Appieation Fort |- |[fo |- 8- [@07] -] |'@'|EH

stimi
5
o

Chiy o
w°

NPoints
@
ermorin (no error)

status  code
il

source

function return
0

KCoords

error out
status  code
Fil

source

A.4.2 PS GetArbPatternPointsY

The function PS_GetArbPatternPointsY:

int PS_GetArbPatternPointsY(int StimN, int ChN, int NPoints, int* YCoords);

needs to be repaired in a similar fashion to PS_GetArbPatternPointsX as
described in Section A.4.1, “PS_GetArbPatternPointsX” on page A-11. Follow

similar steps to repair this function.
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A.4.3 PS_GetArbPatternPoints
The function PS_GetArbPatternPoints:

int PS_GetArbPatternPoints(int StimN, int ChN, int NPoints, int* Coords);

requires similar repairs as both PS_GetArbPatternPointsX and
PS_GetArbPatternPointsY, however since it returns both the X and Y coordinates
together, it returns twice as many point (2 *NPoints). Therefore the array we pass
to the library node must be dimensioned twice as large. This is accomplished by
multiplying NPoints by 2 as shown in the block diagram below:

e L] —— ~
13 PlexStimvlibiPS Get Arb Pattern Pointsvi Block Diagr‘an’-‘ =
File Edit View Project Operate Tools Window Help FLERET]

lE‘ ‘ISptApph:atmnFunt - ”E’:"Ha—”'”@H"‘\ I?

|PLD(ST[M7API int PS_GetArbPatternPoints(int StimM, int ChN, int NPoints, int*™ Coords];|

error in (no error) —_ erorout

Fuu m—’!ﬂh,!ﬂ 5
— F funct\an return
Cnﬂrds

cnn 28 ]
MNPoints[[T529
2
o O E

A.5 Fix Error Reporting

By default, when the PlexStim library is imported into LabVIEW with the
“Function Returns Error Code/Status” error mode option described in Section
A.3, “Basic DLL Import” on page A-3, LabVIEW will automatically generate an
error whenever the value returned by the function is negative. However, as
described in the PlexStimTypes.h header file, the PlexStim DLL returns both
positive and negative error code values. Therefore it is necessary to tell
LabVIEW to accept and process the positively valued error codes.

1 Open any VI from the library, for example PS_InitAllIStim:
[ {3 PlexStim.vlib:PS Init All Stim.vi Block Df;g;am =)

Eile Edit View Project Operate Tools Window Help FLERST
=

@] O[n][9][ex][wa[m| 2 [15pt Appi{- L [P ]4L

==

‘PLEXS'I'IM_API int PS_InitAIIStim(\roid];‘

error in (ne error)
Fm o B 31

m
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2 Open the “error converter” (red arrow in picture above):

I3 plexStimIvlib:Error Converter (ErrCode or Status).vi Block Diagram *

Eile Edit View Project Operate Tools Window Help

- EI + |15ptApphcat\or| Font |+ HEUY H-]Ev | ‘@év ”1"&‘

4 No Error 't

Ta(True v}

Replace the error message string below with a call
I [to the shared library function that returns the
2 |sppropriate error message based on an error code

m

[,
A )

input:
152

lerrar in (no error) L@> g

[ —— Fmg

3 Notice that as the error code enters the VI, it is checked to see if it is <0. Right click
the less than zero VI and select replace, comparison palette, not equal to zero (?0).

4  The error converter VI will now treat all non zero return values as errors. Save the

error converter VI.

A.6 Improve Error Description Reporting (Optional)

After the library has been imported, the default behavior is for LabVIEW to
report the numeric error code along with a generic error description “This error is
returned by the shared library function.” However, it is possible to use the new
PS GetExtendedErrorInformation function in the PlexStim library to give
LabVIEW access to a specific English Language description for each error code.

An example is shown below:

Generic error description

error out
status  code
x [-iZ

source

L This error is return edb_ythe sha rad_library function.]

<b>Complete call chain:</b>
PlexStim.vlib:Error Converter (ErrCode or Status).vi
PlexStim.lvlib:P5 Init All Stim.vi
Testwi

i PlexStim, hvlib:Error Converter (ErrCode or Status).vi<ERR> -

Improved error description

error out

‘status  code

’_i- EiZ
- source

PlexStimn. Ivlib:Error Converter (ErrCode or Status).vi<ERR> -
[No Plexon Stimulator is detected. ]

<b>Complete call chain:</b>
PlexStim.vlib:Errar Converter (ErrCode or Status).vi
PlexStim.hvlib:PS Init All Stim.vi
Testvi

Follow the steps below to enable the English language description of the error to
be passed through the LabVIEW error handler.

PlexStim Electrical Stimulator



1

2

Open the PS_GetExtendedErrorinfo VI.

—

3 PlexStim.Ivlib:PS Get Extended Error Info.vi Black Diagram

| B i

File Edit VYiew Project Operate Tools Window Help

o & !.:-’IIE‘|L.D|'E. £ |15ptApp|icati0n Font |«

FLEXET
FZ

Got
Eikende

1 [?

-

|PLE)(STIM_API int P5_GetbBxtendedErrorInfo(int ErrorCode, char *ErrorString);‘

error out

]

error in (no error)

=R il a

I3 f 132
ErrorCode |[rooies
(1324

ErrorString
IIEK

function return

ErrorString out
{babe]

m
—

Delete the error converter (see the red arrow in the diagram above), then repair the
error output wire and delete the broken function out wire as shown in the diagram
below. (This is necessary to prevent infinitely recursive calling of the error converter
VI, when PS_GetExtendedErrorinfo is added to the error converter VI in the steps

below.)

-

=]

-
§3 Plexstim.Ivlib:PS Get Extended Error Info.i Block Diagram

Aol X

Eile

BE0D

Edit Wiew Project

Operate Tools Window Help

|Lb|:||'E' 1 | 15pt Application Font |«

FLEHSTI

ES

™ Gek
e g I%ﬁ Extends
-

‘PLEXST[M_API int

P5_GetbBxtendedErrornfolint ErrorCode, char *ErrorString];‘

error in (no error)

ErrorCode

error out
| 550

m
—

function return

ErrorString out

fFiec]]

ErrorString

G

3 Save the PS_GetExtendedErrorinfo VI.

4  As described in Section A.5, “Fix Error Reporting” on page A-15, open any VI in the
library and then open the error converter function (see Section A.5 for a picture).

Carefully make the following changes:

Delete the exclamation point and yellow text box.

Delete the string input going to the “error cluster from error code” VI.

Place the PS_GetExtendedErrorinfo VI on the error converter block
diagram.

Wire the string output of the PS_GetExtendedErrorinfo VI to the error
cluster from error code VI as shown.
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* Note carefully how the error code is wired in

the picture below!

e The incoming error code should be passed to BOTH the
PS_GetExtendedErrorinfo VI function and to the error cluster from error
code. The error code output from PS_GetExtendedErrorinfo should not

be used.

I3 PlexStim.vlibiError Converter (ErrCode or Status)vi Block Diagram

File Edit View Project Operate Tools Window Help

o[ 1] [@][85] [wal e . [ 15pe Application Fane [~ ][ e 40
[ No Error 't
| True 't

= ' [
U ¥

5|

[=ae

5 Save the error converter VI.

A.7 Special Note on Close Functions and Error Handling

The default LabVIEW error handling behavior is to do nothing if a previously
called function returned an error. This can lead to a situation where a stimulator
get initialized when the program starts, but never gets released because an error in
the program in the middle of the program prevents the “CloseStim” or
“CloseAllStim” function to be called at the end of the program. One simple way
around this problem is to not connect the prior error stream to the input of the

Close function as shown below:

3 Testui Block Diagram = [ [
File Edit View Project Operate Tools Window Help =
[ [@][0[n][@][2g][wa]@ | +|[ 15pt Application Font |~ |[fo~ |[Fa~ | (65 [5a] [lseach AP 2

DOODOOO0DONONONO0OOO0O0ONO0ONNONO0O00R00000E0

OOOOODONONO0O0ON0O0ONO0O0000NO0O000600000

JE=z1|NumStim out

(521 Get Serial
B Get N = [P serial out

Tnit All

Close All
FiEET—| 232
e

.
Al

EHE ¥==z]|error out

OO0OO0O0OOO0C0NONONO00Boo000a0

OOOOODONONO0O0ONOOOCONONO0O0NO0O00E00000 =

DOoooooooooO0000

This allows the PS_CloseAllStim function to execute even if there was an error

earlier in the program.
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A.8 Updating User Programs

The return values of several of the functions in the PlexStim library have changed
starting with Revision 2.3.17.0. See the PlexStim Electrical Stimulator DLL
Guide on the Plexon Documentation web page (www.plexon.com) for a complete
list of the changes. If you are calling any of the functions that have “major”
changes as described in the PlexStim Electrical Stimulator DLL Guide, carefully
examine each instance where these functions are called to see if the wiring
around them needs updating.

As an example, the PS_GetNStim function’s present and former behavior is
shown below:

Current int  PS_GetNStim(int *NumStim);

Former int  PS_GetNStim(void);

Although the “function return” is still an integer value, this integer return value
now represents an error code instead of the number of stimulators. The number of
stimulators is now returned as a separate parameter called NumStim. The newly
imported VI has a new “NumStim out” terminal that was not present before. This
change might require corresponding changes to the user programs that call the
function. Examine the PS_GetNStim VI before and after updating the library:

Before After
Cantext Help |E| Context Help (=]
PlexStim.Ivlib:PS Get N Stim.vi = PlexStim.vlib:PS Get N Stim.wi lZI
function return MumStirm MNumStim out
. function return
error in (no error) error out dy| erorm (no error) b error out
q
PLEXSTIM_APLint  P5_GetMStim(void); - 3 | PLEXSTIM_APIint  PS_GetNStim(int *MumStim);
L
=[5]7] « =& %] «

Notice that before updating, the “function return” output is in the upper right
hand corner of the VI. After updating, the “NumStim out” output is in the upper
right hand corner of the VI and the “function out” is below it. Purely by
coincidence, the importer assigned the new “NumStim out” output to the same
terminal that was formerly used for the “function return”. This is fortuitous,
because the meaning of that output terminal was preserved—In both cases it
carries information about the number of stimulators connected to the PC. The
library importer assigned the function outputs to the terminals on the VI front
panel in such a way that no change is required to the upper level program.
However, you cannot always expect to be so fortunate.

As a counter example, consider the PS_GenNPointsArbPattern function:

Current int  PS_GetNPointsArbPattern(int StimN, int ChN, int *points);

Former int PS_GetNPointsArbPattern(int StimN, int ChN);
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www.plexon.com

This function changed in a seemingly similar way as PS_GetNStim. The function
return is still an integer, but the integer now represents an error code instead of
the number of points in the waveform which is returned as a new parameter
called “points.”

However, when we examine the PS_GenNPointsArbPattern VI before and after
import, we see that LabVIEW handled this function in a different manner:

Before After

Context Help (=] Context Help [=]

PlaxStim b5 Gt N Polats Arb Pattemul PlexStim.lulib:PS Get N Points Arb Pattern.vi &

function return

StimM
error out ChM

points
error in (no error) =

function return
points cut
B=error out

error in (no error) =

PLEXSTIM_APLint  P5_GetMPointsArbPattern(int
StimM, int ChN);

PLEXSTIM_APLint  P5_GetNPointsArbPattern(int
StimM, int ChN, int *points);

&7« * ﬁ!&]? < r

Notice that in this case, the function return stayed in the upper right corner and
the new “points out” output was added below it. Programs that call this VI and
make use of the number of points returned will have to be rewired. A simple
example scenario is shown below where the number of points in the waveform is
passed from PS_GetNPointsArbPattern to the function PS_GetArbPatternPoints.
Even though LabVIEW does not report an error, after importing the DLL, we
must move the wire connecting the two VIs such that it connects the “points out
output of PS_GetNPointsArbPattern to the “NPoints” input of
PS_GetArbPatternPoints instead of connecting the function return (now an error
code) to NPoints. Otherwise the error code will be passed from

PS GetNPointsArbPattern to PS_GetArbPatternPoints instead of the number of
points in the waveform.

29

Before After

Context Help |E| Context Help |E

PlexStim.Iviib:PS Get N Points Arb Pattern.vi PlexStim.Iviib:PS Get N Points Arb Patternvi -

StimN function return
ChN

error in (o error) =

StimM
error out ChN

points
error in (no error)

function return
points out
B=error out

PLEXSTIM_APLint  PS_GetMPointsArbPattern(int
StimM, int ChN);

PLEXSTIM_APLint  PS_GetMNPointsArbPattern(int
StimM, int Chl, int *points);

EEEE » EEFE »
(wire connected to function out) (wire connected to points only)

For other functions, the data type returned by the function has changed. As an
example, the PS IsWaveformBalanced function used to return a Boolean value
and now returns an integer value:

Current int  PS_IsWaveformBalanced(int StimN, int ChN, bool *balanced);

Former bool PS_IsWaveformBalanced(int StimN, int ChN);
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This type of change is likely to cause to LabVIEW to indicate that the VI calling
the function is “broken”. LabVIEW indicates this by showing a broken run arrow
(circled in red below) at the top of the VI:

{3 StimOnly.i Front Panel |££Iéj

Eile Edit VNiew Project Operate Tools Window Help
IE & _;E | 15pt Application Font |~ || =T ”:ﬁ:v ||$' ||' Search 4 | I:‘
N—

Clicking on the broken arrow will provide information on what LabVIEW
considers to be broken. Reroute the wiring surrounding the indicated VIs to
correct the problems as required.
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