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1 Introduction  

The Plexon® Stimulator 2.0 is a 16-channel constant current stimulator system.  It has 16 

individually programmable constant current sources that share a common return path.  Stimulation 

currents may be defined with 16-bit precision up to ±1 mA and delivered with ±10 V compliance. 

The graphical user interface makes it easy to define bi-phasic rectangular pulses with micro -Amp 

precision and micro-second temporal accuracy.  Bursts of pulses repeated at a user defined rate are 

also easily configured.  In addition, Stimulator 2.0 adds the ability to load arbitrary waveform 

patterns from text files. 

Playback of pulses and arbitrary stimulation waveforms may be initiated  from the GUI or triggered 

in response to external digital inputs.  Each channel has a dedicated digital input that may be used 

in an edge triggered or level triggered (gated) mode to initiate stimulation with microsecond 

latency.  Each channel also has a dedicated digital output to signal to other devices the 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 outputs.  A convenient 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 pleased 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 2.0 port is 

required to operate the system. 

An oscilloscope is highly recommended for monitoring the actual current and voltage waveforms 

during stimulation. 
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3 System components 

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

1. USB memory 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 cable (6 ft)  StockCable R58190A-06 

5. USB Cable (2m) Molex 88732-8902 

6. Stimulator Plexon 14-20-A-10-A 

7. Stimulation Cable Plexon 14-03-A-03 

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

* International customers: The stimulator power supply 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. 

 

 

1 

2 

3 4 

5 

6 

7 

8 
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4 Installation 

Read the entire installation section before proceeding with 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 Driver Installation 

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

4.1.1 Browse to the folder \ Stimulator\ Driver on the USB flash drive and run the program 

CDM20802_Setup.exe.  On some computers, you will get a warning: 

Windows 7: Windows XP: 

  

4.1.2 Click Yes or Run to continue: 

A command window opens briefly to display the status of the driver installation and then 

closes automatically: 

 

Hint: If you do not see the command window at least briefly then it is quite possible that the 

driver installation did not complete.  In this case, double click on CDM20802_Setup.exe a 

second time.  
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4.2 Software Installation 

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

Hint: If you are trying to replace an existing version of the software, you should first remove the 

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 Stim-2_Setup.exe to begin the installation process.  On some computers, 

you will get a warning:   

 

4.2.3 Click Yes or Run to continue. The welcome screen appears: 

  

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.  If the software is not 

already installed, then the welcome screen shown above on the left appears. 

Click Next to continue. 
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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 Inc\  

The default install location for Windows XP is C:\ Program Files\ Plexon Inc\  

 

Click Next to continue. 

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

 

Click Next to continue. 

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:   
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4.2.7 Once the progress bar starts moving, the installation completes quickly.  

 

Click Close to complete the software setup. 
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4.3 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. 

4.3.1 Ensure that the power switch on the 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 IMPORTANT: Turn on the stimulator power and launch the stimulator GUI before 

connecting the stimulator to any electrodes. 
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4.3.6 Connect the stimulation cable between the stimulator and the 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 oscilloscope. Monitoring 

the current and voltage delivered to the electrode is an essential part of stimulation. 
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4.4 Turning on the power for the first time 

4.4.1 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.  

4.4.2 4ÈÅ ÆÉÒÓÔ ÔÉÍÅ ÙÏÕ ÔÕÒÎ ÔÈÅ ÓÔÉÍÕÌÁÔÏÒ ÏÎ Á Ȱ&ÏÕÎÄ .Å× (ÁÒÄ×ÁÒÅȱ ÂÁÌÌÏÏÎ ×ÉÌÌ ÁÐÐÅÁÒ ÉÎ 

the lower right hand corner of the computer screen.  In Windows 7, the balloon changes 

ÆÒÏÍ Ȱ)ÎÓÔÁÌÌÉÎÇ ÄÅÖÉÃÅ ÄÒÉÖÅÒ ÓÏÆÔ×ÁÒÅȱ ÔÏ Ȱ9ÏÕÒ ÄÅÖÉÃÅ ÉÓ ÒÅÁÄÙ ÔÏ ÕÓÅȱȢ  In Windows XP, 

ÔÈÅ ÂÁÌÌÏÏÎ ÃÙÃÌÅÓ ÔÈÒÏÕÇÈ ÓÅÖÅÒÁÌ ÄÉÆÆÅÒÅÎÔ ÄÉÓÐÌÁÙÓ ÉÎÃÌÕÄÉÎÇ Ȱ0ÌÅØÏÎ 3ÔÉÍÕÌÁÔÏÒȱȟ Ȱ53" 

#ÏÍÐÏÓÉÔÅ $ÅÖÉÃÅȱȟ ÁÎÄ Ȱ53" 3ÅÒÉÁÌ #ÏÎÖÅÒÔÅÒ 8ȱ ×ÈÅÒÅ 8 ÉÓ ÓÕÃÃÅÓÓÉÖÅÌÙ !ȟ "ȟ #ȟ ÔÈÅÎ $:   

 Windows 7: Windows XP: 

   

   

   

   

  ȣ 

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

  ȣ 

   

4.4.3 )Æ ÔÈÅ Ȱ&ÏÕÎÄ .Å× (ÁÒÄ×ÁÒÅ 7ÉÚÁÒÄȱ ÁÐÐÅÁÒÓȟ ÔÈÅÎ ÔÈÅ ÄÒÉÖÅÒÓ ÆÏÒ ÔÈÅ ÓÔÉÍÕÌÁÔÏÒ ÁÒÅ ÎÏÔ 

properly installed. Refer to section 4.1 for the driver installation procedure.   
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5 Getting Started 

This section introduces the basic functions of the stimulator 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. 

IMPORTANT: OBSERVE THE FOLLOWING SEQUENCE DURING ALL EXPERIMENTS: 
 

 1. TURN THE STIMULATOR POWER ON 
 2. LAUNCH THE USER INTERFACE PROGRAM 
 3. CONNECT THE STIMULATOR TO THE ELECTRODES 
 4. CONDUCT THE EXPERIMENT 
 5. CLOSE THE USER INTERFACE PROGRAM 
 6. DISCONNECT THE STIMULATOR FROM THE ELECTRODES 
 7. TURN THE STIMULATOR 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 bi-phasic rectangular pulses and 

bursts of identical pulses that are repeated at a fixed rate.  More complicated rectangular 

waveforms and non-rectangular arbitrary waveforms may be defined in and loaded from a simple 

text file.  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. 

In addition to performing stimulation, Stimulator 2.0 also has a special impedance testing mode.  In 

impedance testing mode, the stimulation pattern is a predefined 1 kHz ±100 nA sine wave that 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 section 5.2 presents the basic operational steps for using Stimulator 2.0. 
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5.2 Operational Flowchart 
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5.3 Launching the Stimulator 2.0 software 

Make sure the stimulator is connected to the computer and turned on. Then launch 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: 

 

Hint: You may load the factory default configuration at any time by selecting Open from the File 

menu and theÎ ÓÅÌÅÃÔÉÎÇ ÔÈÅ ÃÏÎÆÉÇÕÒÁÔÉÏÎ ÆÉÌÅ Ȱ&ÁÃÔÏÒÙͺ$ÅÆÁÕÌÔȢÓÔÍȱȢ  By default this file is installed 

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: 
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5.4 Creating a burst of rectangular pulses 

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 section 6 

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 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: 

 

The default configuration specifies a single biphasic pulse with a short inter-phase delay.  The first 

phase is +100 µA for 50 µs, the inter-phase is 0 µA for 25 µs, and the second phase is ɀ100 µA for 50 

µs.  

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

instead of a single pulse.  ,ÏÃÁÔÅ ÔÈÅ Ȱ.ÏȢ ÏÆ repetitionsȱ ÃÏÎÔÒÏÌ ÁÔ ÔÈÅ ÒÉÇÈÔ ÈÁÎÄ ÓÉÄÅ ÏÆ ÔÈÅ ÒÏ× ÏÆ 

ÃÏÎÔÒÏÌÓ ÁÎÄ ÔÙÐÅ Ȱ).&ȱ ÉÎ ÔÈÅ ÃÏÎÔÒÏÌȡ 

Hint: If the No. of repetitions control is set to Ȱρȱ Ánd you press the down arrow, the control will 

ÃÈÁÎÇÅ ÔÏ Ȱ).&ȱȢ  9ÏÕ ÃÁÎ ÁÌÓÏ ÔÙÐÅ Ȱπȱ ÉÎ ÔÈÅ ÃÏÎÔÒÏÌ ÁÎÄ ×ÈÅÎ ÙÏÕ ÃÌÉÃË ÏÎ ÁÎÙ other control the 0 

will change to INF. 

The controls for channel 1 should now look like this: 

 

The next step is to download the stimulation parameters into the stimulator hardware.  Click on the 

Ȱ,ÏÁÄȱ ÂÕÔÔÏÎ ÁÔ ÔÈÅ ÆÁÒ ÔÈÅ ÌÅÆÔ ÏÆ ÔÈÅ ÒÏ× ÏÆ ÃÏÎÔÒÏÌÓȡ 

 

Note that the GUI controls for configuring the pulse parameters become grayed out once the 

channel has been loaded.  To change ÔÈÅ ÐÁÒÁÍÅÔÅÒÓ ÙÏÕ ÍÕÓÔ ÇÏ ÂÁÃË ÔÏ ȰÅÄÉÔȱ ÍÏÄÅȢ 
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Once the parameters for a channel have been loaded you may start the stimulation by clicking on 

ÔÈÅ ȰÓÔÁÒÔȱ ÂÕÔÔÏÎȡ 

 

The stimulation begins, and because the number of repetitions is set to infinite, the pulses will 

ÃÏÎÔÉÎÕÅ ÕÎÔÉÌ ÔÈÅ Ȱ3ÔÏÐȱ ɉÏÒ Ȱ%ÄÉÔȱɊ ÂÕÔÔÏÎ ÉÓ ÐÒÅÓÓÅÄȢ 

5.5 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/µA and by default the scale factor for the voltage monitor is 

0.25 V/V.  That means that if there is a 100 µA current flowing into the electrode from the 

stimulator, the current monitor will read:  

ρππ ʈὃ  ςȢυ 
άὠ

ʈὃ
ςυπ άὠ 

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

ρὠ  πȢςυ 
ὠ

ὠ
ςυπ άὠ 

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

 
 
At the beginning of the pulse, the current monitor (IMON) jumps from 0 mV to +250 mV and stays at 

+250 mV for 50 µs.  Then the current monitor drops back to 0 mV for 25 µs and finally drops to 

Ϻςυπ Í6 ÆÏÒ υπ АÓȢ  Considering the 2.5 mV / µA scaling factor on the current monitor these 250 mV 

steps represent current steps of 100 µA as expected from our channel configuration settings.  The 

durations also match our settings. 

50 µs 50 µs 25 µs 

+250 mV @ IMON = +100 µA @ electrode 

ɀ250 mV @ IMON = ɀ100 µA @ electrode 
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The output of the voltage monitor is a bit more interesting: 

 

At the beginning of the pulse, the voltage monitor (VMON) jumps from 0 mV to +125 mV, then 

linearly increases another 266 mV over the 50 µs 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 µs pulse. 

4ÈÅ ÉÎÉÔÉÁÌ ÊÕÍÐ ÉÎ ÔÈÅ ÅÌÅÃÔÒÏÄÅ ÖÏÌÔÁÇÅ ÉÓ ÄÕÅ ÔÏ Á ÐÒÏÐÅÒÔÙ ÏÆ ÔÈÅ ÅÌÅÃÔÒÏÄÅ ÃÁÌÌÅÄ ȰÁÃÃÅÓÓ 

ÒÅÓÉÓÔÁÎÃÅȱȢ  In order to drive a current I into the electrode, we must apply a voltage V to the 

ÅÌÅÃÔÒÏÄÅ ÔÈÁÔ ÓÁÔÉÓÆÉÅÓ /ÈÍȭÓ ÌÁ× ×ÉÔÈ ÒÅÓÐÅÃÔ ÔÏ ÔÈÅ ÁÃÃÅÓÓ ÒÅsistance of the electrode: 

ὠ Ὅ   Ὑ  

The subsequent rise in electrode voltage during the first phase of the pulse is due to charging of the 

ÅÌÅÃÔÒÏÄÅ ȰÃÁÐÁÃÉÔÁÎÃÅȱȢ  By definition, the capacitance of the electrode relates the voltage on the 

electrode to the amount of charge deposited on the electrode: 

ὅ
ὗ

ὠ
 

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: 

Ὠὠ

Ὠὸ

ρ

ὅ

Ὠὗ

Ὠὸ

ρ

ὅ
Ὅ  

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

Ўὠ
Ὅ   ɝὸ

ὅ
 

The access resistance and capacitance of the model electrodes on the test board are 4.99 kW and 

4700 pF respectively. Therefore the expected initial voltage jump for a 100 µA current is: 

ὠ ρππ ʈὃ  τȢωω Ὧ /ÈÍ τωω Í6 

VACCESS 

VCHARGE 

50 µs 50 µs 25 µs 

+266 mV @ VMON = 1.06 V @ electrode 

+125 mV @ VMON = 500 mV @ electrode 
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The expected voltage rise over the 50 µs duration 100 µA first phase of the pulse is: 

ὠ
ρππ ʈὃ  υπ ʈί

τχππ ὴὊ
ρȢπφ 6 

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 (VACCESS).  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 VCHARGE.  Since there is no current during the inter-phase period the voltage also remains 

constant during this period. 

 

50 µs 50 µs 25 µs 

VACCESS = 500 mV @ electrode 

VCHARGE = 1.06 V @ electrode 
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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 electrode.  There is a maximum voltage that the 

stimulator can output called the compliance voltage.  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. 

4Ï ÓÅÅ ÔÈÉÓ ÅÆÆÅÃÔȟ ÆÉÒÓÔ ÓÔÏÐ ÔÈÅ ÏÎÇÏÉÎÇ ÓÔÉÍÕÌÁÔÉÏÎ ÂÙ ÐÒÅÓÓÉÎÇ ÔÈÅ Ȱ%ÄÉÔȱ ÂÕÔÔÏÎ ÆÏÒ ÃÈÁÎÎÅÌ ρȡ 

 

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 µs: 

 

4ÈÅÎ Ȱ,ÏÁÄȱ ÁÎÄ Ȱ3ÔÁÒÔȱ ÃÈÁÎÎÅÌ ρȡ 

 

Observe the current monitor output on the oscilloscope: 

 

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. 

~600 

µs 

1000 µs ~400  

µs 

+250 mV @ IMON = +100 µA @ electrode 

ɀ250 mV @ IMON = ɀ100 µA @ electrode 
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To understand what is happening it is necessary to examine the voltage monitor output: 

 

Notice that for the first ~ 600 µs, the voltage is increasing but that in the next ~ 400 µs 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. 

~600 

µs 

1000 µs ~400  

µs 

3.25 V @ VMON = 13 V @ electrode 
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5.7 Automatic electrode discharge 

Take another look at the current monitor output shown in section 5.6.  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 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. 

  

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

Refer to section 6.14, Options: Discharge Mode for additional details. 

Discharged Not discharged 

DV 
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5.8 Arbitrary Waveforms & 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 

ȰÁÒÂÉÔÒÁÒÙ ×ÁÖÅÆÏÒÍ ÐÁÔÔÅÒÎȱ ÔÅØÔ ÆÉÌÅÓȢ  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 6.5. 

4Ï ÌÏÁÄ ÁÎ ÁÒÂÉÔÒÁÒÙ ×ÁÖÅÆÏÒÍ ÆÏÒ ÃÈÁÎÎÅÌ ρȟ ÍÁËÅ ÓÕÒÅ ÔÈÅ ÃÈÁÎÎÅÌ ÉÓ ÉÎ ÔÈÅ ȰÅÄÉÔȱ ÍÏÄÅȡ 

 

Then click on the check box on the right ÎÅØÔ ÔÏ ×ÈÅÒÅ ÉÔ ÓÁÙÓ Ȱ!ÒÂÉÔÒÁÒÙ ×ÁÖÅÆÏÒÍ ÐÁÔÔÅÒÎȱȡ 

 

4ÈÅ '5) ÃÏÎÔÒÏÌÓ ÆÏÒ ÄÅÆÉÎÉÎÇ Á ÓÉÍÐÌÅ ÒÅÃÔÁÎÇÕÌÁÒ ÐÕÌÓÅ ÂÅÃÏÍÅ ÇÒÁÙÅÄ ÏÕÔ ÁÎÄ ÔÈÅ Ȱ,ÏÁÄ #Èρȱ 

button becomes active.  #ÌÉÃË ÔÈÅ Ȱ,ÏÁÄ #Èρȱ ÂÕÔÔÏÎ ÔÏ ÏÐÅÎ Á ÆÉÌÅ ÓÅÌÅÃÔÉÏÎ ÄÉÁÌÏÇ ÁÎÄ ÔÈÅÎ ÓÅÌÅÃÔ 

ÔÈÅ ÆÉÌÅ ȰσͺÐÕÌÓÅͺÂÕÒÓÔͺÖÁÒÉÁÂÌÅȢÐÁÔȱȡ 

 

The text in the buttoÎ ÃÈÁÎÇÅÓ ÆÒÏÍ Ȱ,ÏÁÄ #Èρȱ ÔÏ ÔÈÅ ÎÁÍÅ ÏÆ ÔÈÅ ÎÁÍÅ ÏÆ ÔÈÅ ÆÉÌÅ ÓÅÌÅÃÔÅÄȡ 

 

A graphical representation of the waveform is displayed: 
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#ÈÁÎÇÅ ÔÈÅ Ȱ.ÏȢ ÏÆ repetitionsȱ ÔÏ ÂÅ ς ÁÎÄ ÔÈÅ Ȱ2ÁÔÅȱ ÔÏ ρπππ (Úȡ 

 

4ÈÅÎ Ȱ,ÏÁÄȱ ÁÎÄ Ȱ3ÔÁÒÔȱ ÔÈÅ ÃÈÁÎÎÅÌȡ 

 

The output of the stimulator is: 

 

Rate (1000 Hz = 1 ms) 

One waveform 

Repeated twice (No. of pulses = 2) 
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5.9 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. 

,ÏÃÁÔÅ ÔÈÅ Ȱ&ÕÎÃÔÉÏÎȱ ÃÏÎÔÒÏÌ ÔÏ×ÁÒÄÓ ÔÈÅ ÂÏÔÔÏÍ ÏÆ ÔÈÅ '5)ȡ 

 

0ÒÅÓÓ ÔÈÅ Ȱ:-ÔÅÓÔȱ ÂÕÔÔÏÎ ÔÏ ÐÕÔ ÔÈÅ ÓÔÉÍÕÌÁÔÏÒ ÉÎ ÉÍÐÅÄÁÎÃÅ ÔÅÓÔ ÍÏÄÅȡ 

 

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

The controls for all channels become grayed out and a pre-defined arbitrary waveform pattern 

ÃÁÌÌÅÄ Ȱ:-ÔÅÓÔȱ that codes for a ±100 nA 1 kHz sinusoidal current is automatically loaded for every 

channel: 

 

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

  

Try changing the Vmon scaling from 4000 W/mV pp to 400 W/mV pp: 

 

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

  

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 W/mV pp 

  

7.6 mVpp @ VMON  

76.8 mVpp @ VMON  

856 mVpp @ VMON  
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When the Vmon scaling is changed to 4 W/mV pp the output of the monitor channel starts to clip: 

  

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 mVpp and the Vmon scaling is 40 W/mV pp so the impedance of the electrode 

is: 

ὤ ψυφ άὠ  
τπ ὕὬά

άὠ
στȢς Ë/ÈÍ ͽ ρ Ë(Ú 

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. 

The model electrodes on the test board have a resistance of 4.99 kW in series with a 4700 pF 

capacitor.  The expected impedance for this combination at 1 kHz is 34.2 kW in agreement with the 

measurement above. 

Clipping  
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5.10 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 µm 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 W/mV pp, the 

resulting voltage monitor output was 7.04 Vpp implying an impedance of 282 kW: 

 

Next observe the response of the electrode to the default 100 µA 50 µs stimulation pulse. 

Current monitor: 

 

50 µs 50 µs 25 µs 

7040 mVpp @ VMON = 282 kW 

250 mV @ VMON = 100 µA @ electrode 

250 mV @ VMON = 100 µA @ electrode 
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Voltage monitor: 

 

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 µA implies an access resistance of: 

Ὑ
ὠ

Ὅ
  
ρȢφτ ὠ

ρππ ʈὃ
ρφȢτ Ëɱ 

And the subsequent increase in electrode voltage from 1.64 V to 2.64 V over the course of the 50 µs 

pulse implies a capacitance of: 

ὅ
Ὅ  ɝὸ

ɝὠ
  
ρππ ʈὃ  υπ ʈί

ρ ὠ
υ Î& 

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 f is given by: 

ȾὤȾ
ρ

ςʌÆ#
 

660 mV @ VMON = 2.64 V @ electrode 

250 mV @ VMON = 1V @ electrode 

50 µs 50 µs 25 µs 

410 mV @ VMON 

= 1.64 V @ electrode 
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So the estimated capacitance of an electrode with impedance of 282 kW at 1 KHz is: 

ὅ
ρ

ςʌÆȾ:Ⱦ
  

ρ

ςʌρ Ë(Úςψς Ëɱ
πȢυφ Î& 

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 for the channÅÌ ÏÒ ÃÈÁÎÎÅÌÓ ÙÏÕ ×ÁÎÔ ÔÏ ÓÔÉÍÕÌÁÔÅȢ  .ÅØÔȟ ÆÉÎÄ ÔÈÅ Ȱ4ÒÉÇÇÅÒ -ÏÄÅȱ ÃÏÎÔÒÏÌ 

ÁÔ ÔÈÅ ÂÏÔÔÏÍ ÏÆ ÔÈÅ ÓÃÒÅÅÎȢ 4ÈÅÒÅ ÁÒÅ Ô×Ï ÄÉÇÉÔÁÌ ÉÎÐÕÔ ÔÒÉÇÇÅÒ ÍÏÄÅÓȟ Ȱ2ÉÓÉÎÇȱ ÁÎÄ Ȱ,ÅÖÅÌȱȢ  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 then 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 un-balanced charge delivery. 

Configure channel 1 ÕÓÉÎÇ ÔÈÅ ȰσͺÐÕÌÓÅͺÂÕÒÓÔͺÖÁÒÉÁÂÌÅȱ ÁÒÂÉÔÒÁÒÙ ÐÁÔÔÅÒn and set the No. of 

repetitions to 2 and the Rate to 1000 Hz: 

 

.Ï× ÓÅÌÅÃÔ ÔÈÅ Ȱ2ÉÓÉÎÇȱ 4ÒÉÇÇÅÒ -ÏÄÅȡ 

 

$Ï×ÎÌÏÁÄ ÔÈÅ ÓÔÉÍÕÌÁÔÉÏÎ ÐÁÒÁÍÅÔÅÒÓ ÔÏ ÔÈÅ ÓÔÉÍÕÌÁÔÏÒ ÂÙ ÓÅÌÅÃÔÉÎÇ Ȱ,ÏÁÄȱȡ 
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The stimulator is now armed and when the digital input for channel 1 goes high, the stimulation 

pattern consisting of two repeats of the Ȱ3 pulse burstȱ waveform starts and plays to completion: 

 

#ÏÍÐÁÒÅ ÔÈÁÔ ×ÉÔÈ ÔÈÅ ÏÕÔÐÕÔ ÉÎ Ȱ,ÅÖÅÌȱ ÔÒÉÇÇÅÒ ÍÏÄÅȢ  To switch to level trigger mode, you must 

first change channel 1 to edit mode:  

 

Then switch to level trigger mode:  

 

Finally load channel 1 again:  

 

The stimulator is now armed and when the digital input for channel 1 goes high, the stimulation 

pattern starts and plays to completion:  

 

Waveform #1 Waveform #2 

Rate 

1st Pattern 2nd Pattern 

Digital input still high at end of 1st pattern 
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In level trigger mode however, since the digital input is still high at the end of the stimulation 

pattern, a second stimulation pattern begins immediately.  TÈÅÒÅ ÉÓ ÎÏ Ȱ2ÁÔÅȱ ÄÅÌÁÙ ÂÅÔ×ÅÅÎ ÔÈÅ 

two stimulation patterns in level triggered mode.  The initiation of each stimulation pattern is 

determined solely by the state of the 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 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 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 5.7) 

prevents long term charge accumulation on the electrode. 

Refer to section 6.12, ABORT, for some examples. 
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6 GUI Function Reference 

6.1 Parameters Edit/Load 

 

Note: The Edit/Load controls 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 button will 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 parameters have 

been downloaded to the stimulator, the channel configuration controls become grayed out. 
















































