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1. TURN THE STIMULATOROWER ON

2. LAUNCH THE USER INREACE PROGRAM

3. CONNECT THE STIMULAR TO THE ELECTRODES

4. CONDUCT THE EXPERIME

5. CLOSE THE USER INTEACE PROGRA

6. DISCONNECT THE STIMATOR FROM THE ELERDDES

7. TURNTHE STIMULATOR POWEBFF
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1 Introduction

The Plexor? Stimulator 2.0 is a 16channel constant current stimulator system. It has 16
individually programmable constant current sources hat share a commorreturn path. Stimulation
currents may be defined with 16bit precision up to £1 mA and delivered with £10V compliance.

The graphical user interface makes it easyo define bi-phasic rectangular pulseswith micro-Amp
precision and micro-second temporal acuracy. Bursts of pulses repeated at a user defined ratare
also easily configured In addition, Stimulator 2.0 adds the ability to load arbitrary waveform
patterns from text files.

Playback of pulses and arbitrarystimulation waveforms may beinitiated from the GUI ortriggered

in response to external digital inputs. Each channel has dedicated digital input that may be used
in an edge triggered o level triggered (gated) mode to initiate stimulation with microsecond
latency. Each channel also has dedicated digital output to signal to other deviceshe precise time
when stimulation is occurring.

The actual current and voltage delivered to any electrode can be conveniently monitored on an
oscilloscope using the standard BNC monitor outputsA converient 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 measurement.

Thank you for purchasing this Plexon product. We hope you are pleasg with every aspect of it.
Please do not hesitate to contact us if you have any questions.

2  System Requirements

A modern personal computer running Windows 7 or Windows XP with a free USB.O port is
required to operate the system.

An oscilloscope is highly recommendedior monitoring the actual current and voltage waveforms
during stimulation.

Stimulator 2.0 -6-
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3  Systemcomponents

When you receive your Plexon stimulator, confirm that you have the following pieces:

1. USBmemory with software & drivers Plexon 14-20-A-14

2. AC power cord(7.5 ft)* Volex 17250 10 B1
3. Power Supply Plexon 09-06-A-14-P1
4. DC power cablg6 ft) StockCable R58190A-06
5. USB Cabl¢2m) Molex 88732-8902

6. Stimulator Plexon 14-20-A-10-A
7. Stimulation Cable Plexon 14-03-A-03

8. TestBoard (model electrodes) Plexon 14-04-A-03-A

* |nternational customers: The stimulator power supply has anlinternational Electrotechnical
Commission (EC) 60320 C14 inletfor AC power(shown below). The AC power cord supplied with
the stimulator has an IEC 60320 C13 connector and a NEMALS plug compatible with the ACwall
outlets in North America. Usersin other regions must supply apower cord with an IEC 60320 C13
connector and a plug that is compatile with the ACwall outletsin the region of use

Power Supply

=PLE@XON

Plexoninc  Dallas Texas

© Plexon Inc -7-
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4 Installation

Read the entire installation section before proceedingvith the installation. Follow the installation
steps in the order that they are presented. Install the drivers first, followed by the software,
followed by the hardware. Do not connect the stimulator to an electrode implant until you have
read the entire manual.

4.1 Driverlinstallation

Read theentire Driver Installation section before proceedingwith any of the steps

4.1.1 Browse to the folder \ Stimulator\ Driver on the USB flash drive and run the program
CDM20802_Setup.exeOn some computers, you will get a warning:

! User Account Control [ Open File - Security Warning, gj
25 Do you want to allow the following program from an The publisher could not be verified. Are you sure you want to
v, . ! 1un this software?
“2" unknown publisher to make changes to this computer? Name: COM20802_Setup axe
Publisher. Unknown Publisher

Program name:  CDM20802_Setup.exe lgpes Pl

Publisher: Unknown From:  E:\CraigyDesignt00-Part SpecsiFTDI

File origin: Downloaded from the Internet -

Run | Cancel

B) S — [7] Alwiays ask before opering this file

ow details ¥

This file does not have a valid digital signature that werfies its
publisher. You shouid anly run software from publishers you tiust

Change when these notifications appear Flou oo | donidle what scftware (o in®

4.1.2 ClickYes or Run to continue:

A command window opens briefly todisplay the status of the driver installationand then
closes automatically:

7 C\Users\MARKET~11AppData\Local\Temp\DPInst Monx64.exe B

6 4- 08 detected
"Gz ers \MARKET“1\ApplatasLocal\Temp\DPInstx64.exe""
Ins ling driver....

[FTDI CDM Driver Installation process completed.

9 Hint: If you do not see the command windovat least briefly then it is quite possible that the
driver installation did not complete. In this case, double click orCDM20802_Setup.exa
= second time

Stimulator 2.0 -8-
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4.2 Software Installation

Read the entireSoftware Installation section before proceedingwith any of the steps

Hint: If you are trying to replace an existingversion of the software, you should first remove the
=4  existing version before installing the new version.

4.2.1 Browse to the\ Stimulator\ Software folder on the USB flash drive

4.2.2 Double-click the file Stim2_Setup.exe to begin the installation process. On somenmuiters,
you will get a warning:

r 1
[ User Account Control [é]

e

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

Program name:  5tim-2_Setup.exe

Publisher: Unknown
File arigin: Hard drive on this computer
(v) Show details Yes | o

Change when these notifications appear

%

4.2.3 Click Yes or Run to continue€lhe welcome screen appeatrs:

) stim-2 [= | 5 stim-2 = ot
‘Welcome to the Stim-2 Setup Wizard =ALEXON ‘Welcome to the Stim-2 Setup Wizard =ALEXON
The installer wil guide you thiough the steps reuired ta install Stim-2 Program on your camputer. Select whethet you wark ta 16paif of 1emove Stn2

(% Repai Stin-2

 Remove Stim-2

WARNING: This computer program is protected by copyright law and intematianal tieatiss
Unauthorized dupication or distibution of this progrem. or any perfon of it, may resultin severe civ

on o am, 3 result n s 1
iminal penalies, and wil be prosecuted to the maximum extent possible under the law:

Cancel Hets Cancel

If the software is already installed, then the welcome screen gives you the option to repair
(re-install) or remove the software as shown on the right above.lf the software is not
already installed, then the welcome screen shown above on the left appears.

Click Next to continue

© Plexon Inc -9-
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4.2.4 Select the location to install the software:

The default install location for Windows 7(64 bit) is C\ Program Files (x86) Plexon Ind
The default install location for Windows XP is €Program Filed Plexon Ind

) stim2 (=] ]
Select Installation Folder =ALBXON

The installer will install Stim-2 to the following folder,

Tainstalin this folder, click "Next". To instal to a different folder, enter it below or click "Browse”.

Eolder

(C:\Program Files (<86]\Plekon Inch Byowse:

Install Stim-2 for yoursef, or for anyone who uses this computer:

* Everyone

 Justme

Cancel < Back. ey

Click Next to continue.

4.2.5 You will be asked to confirm that you would like to start the installation:

) stim-2 [= X
Confirm Installation =APLEXON

The installer is ready to install Stim-2 on your computer.

Click "Next ta start the installation.

oomd | oo

Click Next tocontinue.

4.2.6 When the installation begins, it may take a couple of minutes before the progress bar begins
moving across the window. This is especially true in Windows 7:

1) stim-2 == 1) stim-2 [=]C [
Installing Stim-2 =PLEXON Installing Stim-2 =PLEXON
Stim-2 is being installed Stim-2 is being installed

Please wai it Please watt.

Stimulator 2.0 -10-
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4.2.7 Once the progress bar starts moving, the installatiooompletesquickly.

1 stim-2 Lo [
Installation Complete =PLEXON
5tim2 has been succassiull installed
Click "Close to exit

Click Close tacomplete the softwaresetup.

© Plexon Inc -11-



:—T_—.'_:P LEX ON ) Neurotechnology Research Systems

4.3 Hardware Installation

Read the entire Hardware Installation section before proceedingith any of the steps
An oscilloscope ishighly recommended for viewing the output of the monitor channels.

4.3.1 Ensure that the power switch orthe power supply is in the off position

4.3.2 Connect the AC power cord between the AC outlet and the power supply

4.3.3 Connect the DC power cord between the power supply and the stimulator.
You may connect to either OUT 1 or OUT2 on the power supply.

4.3.4 Connect the USB cable between the stimulator and the computer

4.3.5 IMPORTANTTurn on the stimulator power and launch the stimulator GUI before
connecting the stimulator to any electrodes.

Stimulator 2.0 -12-
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4.3.6 Connect the stimulation cable between the stimulator anthe test load board. Be sure to
line up the white orientation dots on both connectors

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

© Plexon Inc -13-
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4.4

441

4.4.2

443

Turning on the power for the first time

Turn the power supply on. The six LEDs on the front of the power supply and the one LED
on the front of the stimulator should illuminate.

AEA EEOOO OEI A Uil O 00601 OEA OOCEI O1 AOGI O 11 A O
the lower right hand corner of the computer screen.In Windows 7, the balloon changes

AOT T O)1 OOATTETI ¢ AAOGEAA AOE GMAA Adin ¥ibcow@:oo 80T O
OEA AAITTTT1T1T AUAI AO OEOI OGCE OAOAOAIT AEEEAOAT O
#11 b1 OEOA $AOEAA6h AT A 053" 3AOEAI #1171 OAOOAO 8

Windows 7: Windows XP:

M nstalling device driver software % X v F"“f‘d New Hardware |
Click here for status. Plexon Stimulator

i) Found New Hardware | *

USB Composite Device

j/ Found New Hardware  *
Plexon Stimulator

i) Found New Hardware  *
USB Serial Converter A

OC!

(repeats for USB Serial Converter B, C, D)

° ’, Your device is ready to use EYRS 1) Found New Hardware
' Device driver software installed successfully. Your new hardware is installed and ready to use.

) £# OEA 0&1T OT A . Ax (AOAxAOA 7EUAOAG ADPBPAAOOHR O
properly installed. Refer to sectiord.1 for the driver installation procedure.

(00]

Stimulator 2.0
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5  Getting Started

This sectionintroduces the basic functions of the stimulatorguides you through basic stimulator
operation using the nodel electrodes on thetest 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.

IMPORTANT: OBSERVEHE FOLLOWINGERQUENCE DURING ALXEERIMENTS:

1. TURN THE STIMULATOROWER ON

2. LAUNCH THE USER INREACE PROGRAM

3. CONNECT THE STIMULAR TO THE ELECTRODES

4. CONDUCT THE EXPERINE

5. CLOSE THE USER INTEARCE PROGRAM

6. DISCONNECT THE STIMATOR FROM THE ELERDDES
7. TURNTHE STMULATOR POWER OFF

5.1 Overview

Every stimulation protocol begins with the definition of the stimulation pattern. The stimulator 2.0
graphical user interface (GUI) provides a means for defining 4ghasic rectangular pulses and
bursts of identical pulses that are repeated at a fixed rate. More complicated rectangular
waveforms and nonrectangular arbitrary waveforms may be defined in and loaded from a simple
text file. Once defined, the stimulation patten 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 he monitor outputs. Monitoring the electrodes during stimulation is a critical
component of successful stimulation.

In addition to performing stimulation, Stimulator 2.0 also has a special impedance testing mode. In
impedance testing mode, the stimulatia pattern is a precefined 1 kHz +100 nAsine wavethat is
automatically loaded into every channel. Playback of the impedance test waveform on particular
channels is initiated from the GUI. The voltage elicited in response to the impedance test current is
then observed on the voltage monitor output to determine the electrode impedance. Variable gain
steps are provided to resolve a wide range of electrode impedances.

The flowchart in section5.2 presents the basic operational stps for using Stimulator 2.0.

© Plexon Inc -15-



=PLEXON

Neurotechnology Research Systems

5.2

Operational Flowchart

Start Stim 2
Software

Function
Stimulate

Rectangular

Arbitrary

Function
Z Test

Automatically

loads
Pulses Waveform BN
| | |
First phase
amplitude Load File Start
and width
| |

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
00,000

Monitor

Vmon Scaling

Monitor

Stimulator 2.0
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5.3 Launchingthe Stimulator 2.0 software

Make sure the stimulator is connected to the computer and turned on. Theaunch the Stimulator
2.0 software by double clicking on the desktop icon You should see the factory default graphical
user interface as shown in the figure below:

#2 Plexon: Stimulator - 2.0 EE
File Edit View Options About
& H| |
=ALexoN’
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

ch1 @ @ =1 100 =150 2125 = -100 =50 21 = 200 ]
th2 @ ° = 100 =50 2125 £ -100 250 = = 200 o
cth 3 @ @ =1 100 =1 50 =1 25 2 -100 =1} =1 = 200 =]
ch 4 @ ° <1 100 = £l25 £ -100 21 50 =11 = 200 0
ths @ o = 100 50 =] =1 -100 50 =5 =1 200 ]
thé @ @ “1 100 =) 2125 £ -100 ~1 50 21 = 200 0
th7 @ @ =1 100 = 2125 =1 -100 150 =5 21 200 o
thd @ @ =1 100 =) £l 25 £ -100 < 50 2 = 200 0
chs @ ® <100 =150 =125 < 100 <150 =11 =1 200 ]
i @ o @ = 100 = 50 <25 = 100 = 50 =K = 200 ]
il @ O @ = 100 =) 2125 £ -100 2150 =1 = 200 ]
thiz @ © @ =1 100 =150 225 = 100 2 50 =5 = 200 0
chiz @ O @ =1 100 =1 50 =125 = -100 = 50 =1 = 200 o
cthis @ @ @ =1 100 =150 2135 £ -100 ~l 59 =1 = 200 O
cthis @ @ @ =1 100 =1 50 =1 25 2 -100 = 50 =1 = 200 0
cthie @ o @ <1 100 <150 L1325 =1 -100 = =11 = 200 o

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

@ 0,25V @ Stimuate @ Software @ Individual @ Individual ﬁ @

@25 vy vmen (mvpa) ) 2 Test © mising O EditAl O stop Al

® W o ©) Level ) Load Al () start All

1250 WM Impedance (k)
Plexon Inc. UM

v Hint: You may load the factory default configuration at any time by selecting Open from the File
menuandthd OAIT AAOET ¢ OEA AT 1T £E C O OBy@&dul thisite is Astaldetl AA OT OU
. in the directory C\ PlexonData Stim-2\ Configuration files.

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 then and 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 Iﬁ

Warning

I'ﬁ" Stimulator not connected \i/ Stimulator not connected @ Séﬂ‘ﬂ:t?hred::::;rgergted

© Plexon Inc -17 -
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5.4 Creatinga burst d rectangular pulse

For each channel there is a row of channel specific controls and then at the bottom of the interface
there are additional global controls. These controls are described individually in detail in sectidh

of the manual. 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 channelWe will start off
configuring channel 1 to generate a bphasic 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 1{uA) Width (us) delay (ps) 1{pA) Width (us)  repetitions @ (Hz) © (ms) waveform pattern
ch1 @ F @ F =1 100 “l5n 2125 1 -100 < 50 211 =1 200 &

The default configuration specifies a single biphasic pulse with a short intgghase delay. The first
phase is +100 pA for 50 ps, the intgphase is 0 pA fo25 us, and the second phase .00 pA for 50

us.
To make it easier to see on the oscillospe, we want to generate a continuously repeating pulse

instead of a single pulse, 1T AAOA Orepktitiadsdl 8ATITAOI 1T AO OEA OECEO EAI
AT1 060110 ATA OUPA O). &6 EI OEA AiT100114q

9 Hint: If the No. ofrepetitions control is set to O p &d ydu press the down arrow, the control will

AEAT CA @il O0)AAd6 Al 01T OUPA Omndé EIT OEdtherkonirobiieiol AT A >
will change to INF.

The controls for channel 1 should now look like this:

Parameters  Stimulation First phase Interphase Second phase Rate Arbitrary
Edit Load Stop Start 1{pA) Width (ps) delay (ps) 1 (pA) Width (pus) | repetitions| @ (Hz} © (ms) waveform pattern
Ch 1 C) F @ s 21 100 = 50 21325 =1 -100 21 50 = 200 sl

The next step is to download thestimulation parameters into the stimulator hardware. Click on the
O, 1 AA6 AOOOIT AO OEA Z£AO OEA 1 AEO T /&£ OEA Oi x 1T £ A

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

) E = 100 = 50 25 = -100 50 INF

Note that the GUI controls for configuringthe pulse parameters become gnged out once the
channel has been loadedTo changgOEA DPAOAT AOAOO Ui O 1 6006 ¢ciI AAAE Ol
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Once the parameters for a channel have been loaded you may start the stimulation by clicking on

OEA OOOAOO6 ADOOOIT g

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 € @ [ @ =1 100 =1 50 25 =1 -100 50 INF

The stimulation begins,and because the number of repetitionss set to infinite, the pulses will
AT 1 OET OA O1 OE1 OEA 0301 pPo jT1 0 OwAEOO6Qq AOOOIT EO b

5.5 Verifying the output on an oscilloscope

Now examine the current and voltage waveforms on an oscilloscope to see if they make seridete
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 electrodeThe scale
factor for the current monitor is 2.5 mV/uA and by default the scale factor fathe 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:

. o .
PMID C® —— (QqULUMW®
{o
Likewise, if the stimulator was applying 1V to the electrode, the Viage monitor would read:
pw TR ua C LMW

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

Tek Run Trig'd 220MHz MoiseFilter

| _1_%259{'mv @ hon= +100 LA @ electrode
B : i

. 50 ups: } 1:2;250 EnV @ lion=2100 pA @ electrode

100y By J2000s | Rk 00002 HeAia0m |
MS02024 - 11:08:09 AM 41872011

At the beginning of the pulse, the current monitor (lion) 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 psand finally drops to
Mcum | 6 /Aoideving thé263mV / pA scaling factor on theurrent monitor these 250 mV
steps represent current steps of 100 pA as expected from our channel configuration settingbhe
durations also match our settings.
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The output of the voltage monitor is a bit more interesting:

Tek Fun ITn\;‘d i i 3 : . 2._"'JIMH1 Huischhcf
3 VC“/.*F'*Gié R 1‘ i 1+2§66'm§v @ Vion=1.06 V @ electrode
Vicees ?"_::_? — _® FI25 MV @ Vion= 500 mV @ electrode
W M0 . i SR

[ 200 | R 0000242
MS02024 - 11:12:30 AM 4182011

At the beginning of the pulse, the voltage monitor (Won) jumps from 0 mV to +125 mV, then
linearly increases another 266 mV over the 50 ps duratiomf 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.

4EA ETEOEAI EOIi D ET OEA AlIl AAOOI AA Oi1 OAGCA EO AOD

electrode to the amount of charge deposited on the electrode:

0

6 =
W

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 theapacitance of the electrode:

Qw pQL p,

Qo 0Q0 0
The change in electrode voltage during the first phase of the pulsetisus given by:

., O 30
Yo ——
o)

The access resistance and capacitance of the model electrodes on the test boasl 489 WV and
4700 pF respectively. Therefore the expected initial voltage jump for a 100 pA current is:

) pmid 1 / Ei T wiw6
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The expected voltage rise over the 50 ps duration 100 pA first phase of the puise

. pTMIO UL T
@ T X Mo P8T @

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 jumpedat the beginning of the pulse (Wccesy The current during
the interphase period is zeroWith no current flowing into the electrode, there is no voltage drop
across the electrode access resistance herefore the voltage during the interphase period is the
same as Vharce Since there is no currentduring the inter-phase periodthe voltagealso remains
constant during this period.

'[Eknup“!'lrng'dll R . e 22:|HHIN\Ii§$Fi1ET
- ,,fl:::::::::::::$ VAccEsg— 500 mV @ electrode
i 1M I. E I .I WH' \{I f

[ | F [Im Jln S lamy 200002 He[iTdzs |
MS02024 - 11:12:30 AM 4182011
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5.6 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 electrodeThere is a maximumvoltage that the
stimulator can output called the compliance voltageOnce the voltage on the electrode reaches the
compliance voltage, the stimulator can no longr 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.

417 OAA OEEO AEZEAAOh MEEOOO O00i P OEA T1CiETC OOEI OI

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

@ O =1 100 =15 =135 <1100 =15 S I =1 200 O Load Ch1

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 ps:

Parameters  Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start 1(pA) Width (js) delay (ps) 1(pA) Width (us)  repetitions ® (Hz) © (ms) waveform pattern
thi @ @ @ @ =1 100 = 1000 =] 25 =1 -100 ﬂ = INF =1 200 ] Load Ch1

4EAT O,1AA6 AT A O30A0006 AEATTAI »pdq

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

ch i @ @ ® @ 100 | 1000 25 = 100 | 1000 INF

Observe the current monitor output on the oscilloscope:

1_+25Q MY @ bon= +100 A @ electrode

~600 ~400 1000 ps! 12250 mV @ hion=2100 pA @ electrode

100 By 400, T T |
MS02024 - 3:40:02 PM  4/18/2011

Although the amplitude of the first phase still looks okay the duration appears to be too short and
the duration of the inter-phaseperiod appears to be too long.
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To understand what is happening it is necessary to examine the voltage monitor output:

Tek Fun Trig'd 550kHz Hoise Fiter

VMO I . \ \..r

N
: : : L -
D00 a0 | 10000

[ 400,08 | R 00002 H54248 |
MSO2024 - 3:40:44 PM 411872011

Notice that for the first ~ 600 us, the voltage is increasing but that in the next ~ 400 us the voltage
has reached a plateau of approximately 13V at the electrode (3.25 V at the monitor channeit
this point, the compliance limit has been reached, anthe 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 stimiation.
Monitoring the electrode is necessary to verify that the actual output from the stimulator matches
the programmed response.
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5.7 Automatic electrode discharge

Take another look at the current monitor output shown in sectiorb.6. As we saw there, the first
phase current delivery was cut short because the voltage hit the compliance limiT’he amount of
charge deposited @ the electrode during this phase was less than requestedNow look at the
amount of charge removed from the electrode during second phase of the puls&€he 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 vitage 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 pulséhe only reason that this does NOT
happen in the figures above is that the stimulator has an automatic electrode discharge featuigy
default the stimulator automatically discharges the electrode during the intepulse interval (in
between pulses) and ay time the channel is not stimulating (i.e. whenever the 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 he electrode does in
fact change after an urbalanced pulse delivery.This is easily seen on the voltage monitor as shown
in the figure on the right below.

Tek Run Trid S50Hz heiseFiter Tek sup 550kHz_Moise Fiter
T T T L T T T ] L ] T T L T T ]
- Discharged | i JRRREARREE RS R A Not discharged i
i . B s . . H . . H .4 £ . i . . . H . . : Y
: SN : : i : N i : i
By A s ; i ] i ane: M 3 i
W MON _/_____—__\?____ : VIMON o o - ' i
: N : i : : : ™ : 1
[ Janous |13y 200002 Hfisazs | [ Jan0.us |13y <R |
MS02024 - 3:40:44 PM 4182011 MS02024 - 11:12:03 AM 41972011

Automatic electrode discharge turned on (default) Automatic electrode discharge turned off

Refer to section6.14, Options: Discharge Modédor additional details.
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5.8 Arbitrary Waveforms & Complex Rectangular Pulses

The graphical user interface provides simple controls for creating Bphasic rectangular pulses and
bursts of identical pulses. More complicated stimulation patterns can be loaded from usedefined
OAOAEOOAOU xAOA £l Ofhe @birAndwladefodn paitdr@éan bEkided 10 sreata
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 sectiort.5.

EATT AT ph 1 AEA

47 1T AA Al AOAEOOAOU xAOAA&E Oi A O

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

@ O =1 100 = 1000 =125 =100 = 1000 <IN =1 200 =

Then click on the check bown therightT A@0 O1 xEAOA EO OAUO O! OAEOOAOQU

Parameters  Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start 1 (pA) Width (us) delay (us) 1{pA) Width (us)  repetitions @ (Hz) ©(ms) waveform pattern
thi @ O @ © =1 100 1000 25 -100 =1 1000 <IN =1 200 [ loadch1 |

4EA '5) AIT1060110 &£ O AAEETEIC A OEi Pl A OAAOAT ¢cOI
button becomes active.# | EAE OEA O, 1 AA #Epd AOGOOIT O 1bPAT A
OEA EEI A Ooc DOl OA AOOOO, OAOEAAT AB8PAODG 4

T 7%

)
My Computes

Q,} Fie pame 3_pudse_tusst_vara __Gpen
Networ Fles ol bype: Artitizey Patte Fies ["pal) [ Concet |

Thetextinthebuttd AEAT CAO &£O011 O,1 AA #Epo O OEA TAIA T &

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
1 @ @ @ © 100 1000 =1 25 = -100 ~ 1000 = INF 2 200 3_pulse_burst_variable

A graphical representation of the waveform is displayed:

Current (pA)
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# EAT CA Otepetitibnsd 8011 AA ¢ AT A EA O02A0A6 O pnmn (Uqg
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
h1i @ @ @ =100 =T 1000 =1 35 =100 =1 1000 S £ 1000
4EAT O, 1 AA6 AT A O30A006 OEA AEATTAI 4
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
il @ @ ® @ =1 100 =1 1000 =] 25 =1 -100 = 1000 = 2 1000 3_pulse_burst_variable
The output of the stimulator is:
'[Elklllu!ml _ Trig? e ———————  5G0MHz NeiseFiter ._
~_ Rate (1000Hz41ms) ]
“ -‘ NN R T B P D 4
“‘."’”"'J'.lJ e tr IJ"IJ'.
E \ E ; > l l : :
R S R SRR AR L 3
One waveform , ; , ,
[ 00y By 20005 | R <10HIR0550 |

~—

MS02024 - 10:03:50 AM  4/20/2011

—

—~—

Repeated twice (No. of pulses =
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5.9 Impedance measurement

Impedance measurement is a typical means of characterizing electroddsnpedance 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 (Aest mode) tha automatically generates a 100 nA 1 kHz sinusoid for
impedance testing.

, TAAOA OEA 0&OT AOETT o6 AITOOIT OI xAOAO OEA Al OOT |

Vmeon Scaling Z conversion Function Trigger Mode Edit /Load Start Mode Monitor Channel
©@0.25VN @ Stmulate @ Software @ Individual @ Individual pem—— @
25 wv Vmon (mvpe) © 7 Test () Rising © Edit All © Stop Al
@25 N a © Level ©) Load Al () Start Al
250 wN Impedance (k)

0 0A0O-OREXO60:A0001T T O OO OEA OOEI

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

@ ) 5) softwa A @ Indivi
@) 4000 2fmVpp © stimulate @) Software Individual ; Individual pre———
400 QjmVpp ‘mon {mvpp) @ Z Test Rising Edit All (7 stop Al

Level @ Load Al O start Al

a0 Qfmpp

o4 Qjmvpp Impedance (k)

Notice that the Vmonscaling control changes and the default setting is now 4000/mV pp.

The controls for all channels become grayed out and pre-defined arbitrary waveform pattern
AAT 1-BA dhéaodes for a 100 nAlL kHz sinusoidal current is automatically loaded for every

channel:

Paramaters  Stimulation First phase Interphase Second phase No. of Rate Arbitrary

Edit Load Stop Start 1(uA) Width (us) delay (ps) 1(puA) Width (us)  repetitions @ (Hz) ©(ms) waveform pattern
Ch 1 @ @ 100 1000 25 -100 1000 2 1000

Click the start button to begin generating the sinusoidal current on channel 1:

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

ch 1 @ @ “1 400 ~1 1000 25 =1 -100 | 1000 S *1 1000 7 test
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Observe the output of the voltage monitor on an oscilloscopéelhe voltage across the electrode is a
sinusoid with a peak to peak amplitude of ~ 7.60 mV:

Vmon Scaling (L= . : : : S e Fiter
) 4000 2fmypp b : : : 5
400 Qjmvpp "
140 Qfmvpp
@4 2fmipp

/4 7.6 M\bp @ Vhion

i i i i i i ;
| Janous [ ,-400w¥ 333,961 HR216:39

MS02024 - 12:14:40 PM  4/19/2011

Try changing the Vmon scaling from 4000VmV p, to 400 WmV pp:

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

. @ Softwar @ Indi
~) 4000 QfmVpp ) Stimulate 8) Software Individual - Individual Channel1 =
@ 400 Qfmipp Vimon (mpp) @ ZTest Rising Eciit Al © stop Al

Level @ Load Al (1 start Al

D40 Qfmipp

4  Qjmvpp Impedance (k)

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

Tek 5t 550kHz Noise Fiter
Vimon Scaling o ' ! ! ! ! j : :
() 4000 Qjmipp F .
@ 400 Q/mvVpp
@40 Qjmvpp
04 i 76.8 MVl @ Mion

[ Jan0.s I ronav 100000kH 219715 |
MS02024 - 121715 PM  4/19/2011

Continue to change the resolution of thenonitor channel to obtain the largest amplitude sinusoid
on the monitor channel that is not clipping. Try 40MmV ,p

Tek sup S50kHz Woise Fiter
Vmon Scaling j ' T T r T
() 4000 ©2/mvVpp P i Py
1400 Cyfmvpp
@40  Qfmvpp
4 afmvpp 856 mvpp @ WON

i i i i i i FO
[ | (T I oy 10000 krEiz207 |
MS02024 - 1219:16 PM 41872011
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When the Vmon scaling is changed toWmV p, the output of the monitor channel starts to clip:

Vmon Scaling Teksup i i : : Sl o Fite

7 4000 2fmipp R o 0
[:]
400 fmipp O I I
N AN : A CA :
\ / ) / \
W MO, / } ! \ f !

X . e J \
R SR o .
A N T T B R LA
By F : 4 LY {: AT
® - : p- - : p—

[ Jannus 1 rooov 10000 ke[ 12 2203
MS02024 - 12:20:03 PM  4/19/2011

Clipping

PP TN SN -

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 m\f, and the Vmon scaling is 40W/mV p, so the impedance of the electrode
is:

® v — o®RE/ Ed pE(U

Yue a o ® PE(
To obtain the most accurate impedance reading, you should adjust the scale factor as described
above to obtain the largest possible signal on the voltageonitor that does not clip

The model electrodes on the test board have a resistance of 4.9Wkn series with a 4700 pF
capacitor. The expected impedance for this combination at 1 kHz is 34K&in agreement with the
measurement above.
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5.10 Working with realelectrodes

In a typical experimental situation, the properties of the electrode may not be well known and may
vary over time. Characterizing the electrode insaline 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. Likewse 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 diametetagnum
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 thest 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 ¥mV ., the
resulting voltage monitor output was 7.04 \, implying an impedance of 282 kV:

Tek Fun __ Trig'd _ 550k Nicise Fiter _ |
[}

: ? : ]

* SN / : ,/ % 11\ J.‘}

5 _,,.‘ '\_." ‘f '5\ i ‘II J,‘ i
wody S NSNS |/ 47040 MV, @ iow= 282 kW

Y i 1

L ...“:....'.g ..w.';.;jl'r._ \ i I\t "2’ .

NS o A G

' ]

[ I I I Iaou;s

I somow 10000 ke[ 24409 |

MS02024 - 24218 PM 4182011

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

Current monitor:

Tek Run

Tria®

2.20MHz_Noise Filter

e :[ 250 m\ @ Vion= 100 HA @ electrode

=

f ll :[ 250 m\f::@\énoﬁ 100 pA @ electrode

(& 00 by | FI

| Y L |

MS02024 - 3:34:11 PM 41572011
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Voltage monitor:

Tek Fun . Trigt . i : : . 2._"JIh-IHz Nuischhv:f

I 660 mV = 2.64 V @ electrode
momvevg | [\ @ VioN=2.64V @ elg
=1.64 V @ electroglg RS A

.............

| $l\ 250 MV @ Vion = 1V @ Blectrode

.I‘.

o SOps T 2ShsfSOps T

[ J20.0ue |l ey <10HEsT |
MS02024 - 3:33:28 PM 4152011

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 capacitancétbe electrode.

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

) W PH W .

And the subsequent increase in electrode voltage from 1.64 V to 2.64 V over the course of the 50 us
pulse implies a capacitance of:
© 30 pmnufoO LTI

o) . . vl &
20 pw

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 isypically 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 electroyte 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 frequencisfgiven by:

P

TQ)TC/)CE#
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So the estimated capacitance of an electrode with impedance of 28&/kt 1 KHz is:

p p

CET CrpE( GuBg &

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.

5.11 Starting stimulation from a digital input

To start stimulation from a digital input first configure the pulse parameters or load an arbitrary

waveform forthe chanlA1 1T O AEATT AT O UT O xAT O O OOEiI 01 AOAS
AO OEA AT O0O1Ti 1T &2/ OEA OAOAAT 8 4EAOA AOA damxthe AECEOA
rising trigger mode, stimulation begins when the digital input for the channktransitions 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 thenthe 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 urbalanced charge delivery.

Configure channel 100ET ¢ OEA Ooc DOl OA AOO@GNOskAtOHAND] k6 A OAI
repetitions to 2 and the Rate to 1000 Hz:

Parameters  Stimulation First phase Interphase Second phase No. of Arbitrary
Edit Load Stop Start 1 (pA) Width (us) delay (ps) 1{pA) Width (us)  repetitions [ @ (Hz) © (ms) waveform pattern
Ch 1 @ F @ F 100 1000 25 -100 1000 : 2
I x OAT AAO OEA O2EQOEI C6 40ECCAO -1 AAq
Vimon Scaling Z conversion Function Trigger Mode Edit/ Load Start Mode Monitor Channel
@025V @ stmulate ) Software @ Individual Lndi'.'iflual Chammel 1 - o
D25 VN Viman (mVop) o 7 Test @ Rising = Edit All Stop Al
25 WN O Level *) Load Al Start Al
1250 Wi Impedance (k)
$1T xT1TAA OEA OOEIiI OI AGET 1T PDAOAT AOGAOO Ol OEA OOEI Ol
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

100 1000 25 -100 1000 2 1 1000
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The stimulator is now armed and when the digital input for channel 1 goes high, thrsimulation
pattern consisting of two repeats of the3 pulse bursBwaveform starts and plays to completion:

Rate

Tek Run Trig? 110kHz Hoise Fiter

Waveform #1 : Wavdform #2
TR PR i e N R
_‘umm_mJ.é [ S | : :

L)

MSO2024 - 514:40 PM - 4/23/2011

#1 1 DAOA OEAO xEOE OEA 1 Oomaitth tclével tiggdr ddde,ojoum@sE CCA O
first change channel 1 to edit mode:

Parameters) Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start 1{pA) Width (ps) delay (ps) 1 (uA) Width (us)  repetitions ® (Hz) © (ms) waveform pattern
ch =T 100 1000 =125 =1 100 =1 1000 =y < 1000
Then switch to level trigger mode:
Vmon Scaling Z conversion Function Trigger Mode Edit/ Load Start Mode Monitor Channel
@ 0,25V @ Stimulate () Software @ Individual @ Individual pe——
@25 vy Vmon (mVpp) ©® ZTest (2 Rising () Edit All Stop Al
@25 v @ Level ©) Load Al Start Al
1250 Wi Impedance (k)
Finally load channel 1 again:
Parameters| Stimulation First phase Interphase Second phase No. of Rate Arbitrary
Edit Load Stop Start 1{pA) Width (us) delay (ps) 1 (uA) Width (us)  repetitions @ (Hz) © (ms) waveform pattern
ch 100 1000 25 -100 1000 2 = 1000 3_pulse_burst_variable

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

Tek Fun Trig?

apr]

I

110kHz Moise Fiter

AN N\

* ~/"

1st Pattern ondPattern
E[IGITN.NJ.E . . | 5 5

T --/F-bigitaléinpu-t:stillhiéh-atendoflslpattern

MS02024 - 51348 PM  4/23/2011
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In level trigger mode however, since the digital input is still highat the end of thestimulation

pattern, a secondstimulation pattern begins immediately. TEAOA EO 11 O02A0A6 AAI A
two stimulation patterns in level triggered mode The initiation of each stimulation pattern is

determined solely by the state othe digital input. Note that additional delay can be added to the

end of the arbitrary waveform pattern if it is desired.

5.12 Stopping stimulation

Most stimulation protocols are of finite duration and once they have been started will run to
completion andthen stop automatically. Some stimulation protocols however may be defined with
very long intervals or with a very large or evenifinite humber 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. Pressinthe Sop All, Edit All, or Abort controls, or closing the
user interface causes stimulation to stop on all channels.

If there is a pulseor waveform in progress when aStop, 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 that the net charge deposited on the electrode over the course of the
pulse or waveformis zero. By allowing the pulse or waveform that is in progress to complete, the
stop mechanism helps to preserve that charge balance.

Pressing theAbort button or closing the user interface causes the stimulation to stop immediately
even ifthere is a puse or arbitrary waveform playback in progress.Even though this temporarily
results in an unbalanced stimulation, he automatic electrode discharge feature (see sectidh.7)
prevents long term charge accumulation on the electrode.

Refer tosection6.12, ABORT for some examples
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6 GUIFunctionReference

6.1 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) © (ns) waveform pattern

® O =1 100 “l50 =135 =1 100 =5 =l = 200 O Load Ch1

Note: The Edit/Load controk may be grayed out if the Edit All or Load All control is selected.
6.1.1 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 buttonwill cause any stimulation pattern that is in progress on the channel to
stop.

6.1.2 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 parametes have
been downloaded to the stimulator, thechannel configuration controls become grayed out.
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