
 

Abstract—The NeuroTalk™ inteface, described in a 
companion paper allows for a standardized method of 
communication with implanted modules that contain custom 
application specific integrated circuits (ASIC).  Here, we 
describe an example of one such ASIC that has been designed 
for use in a visual prosthesis.  The ASIC is small enough to be 
incorporated within a 16-channel multielectrode stimulation 
array implanted in the cortex.  In this paper we describe a 
version designed to operate over a 4-wire buss called 
NeuroTalk 2.  Other versions of the ASIC operate using a 
single coil input for power and data, over a transcutaneous 
magnetic link.  

I. INTRODUCTION

s part of our development [1] of an intracortical visual 
prosthesis, we have developed an electrode/stimulator 

module for chronic implantation in the visual cortex.  This 
module will eventually take the form of being completely 
wireless, using transcutaneous magnetic power and data 
transmission for operation.  For preliminary animal 
experiments that investigate visual prosthesis stimulation 

P. R. Troyk, D. Detlefsen are with Illinois Institute of Technology, 
Chicago, IL, USA. 

G. DeMichele, is  with Sigenics, Inc, Lincolnshire, IL, USA. 

strategies, we have developed a wired version of the 
electrode stimulator module that requires only 4-wires to 
power and control in implanted stimulator ASIC.  Shown 
conceptually in Figure 1, this stimulation module 
incorporates the ASIC on the backside of a substrate that 
contains the activated iridium oxide film (AIROF) 
stimulating electrodes.  Here, we describe the functionality 
and operation of the stimulator ASIC.  

II. ASIC FUNCTIONAL DESCRIPTION

A. General Description 
The stimulator ASIC uses the 4-wire NeuroTalk-2 

(NT2) interface  for power and digital data commands [see 
Troyk, et. al, EMBS 2006] with the NT2 interface cable 
leading to the animal’s head connector.  Using the NT2 
protocol, the ASIC can be commanded to perform a range of 
channel-based, and global-based stimulation functions.  
Each of the 16 microelectrodes can be connected, 
disconnected, specified with respect to stimulation 
parameters, and connected to a global voltage monitor.  Each 
microelectrode has a dedicated driver.  

B. ASIC Block Diagram 
A functional block diagram of the ASIC is shown in 

Figure 2.  Each of the 16 stimulator channels contains a 
dedicated constant-current, monophasic, charge-balanced 
electrode driver.  Stimulation of each electrode is provided 
by true potentiostatic control using a common reference 
electrode and a common counter electrode. The method of 
charge recovery for each microelectrode is controlled by a 
sophisticated compliance supply regulator that uses the 
voltage on the reference electrode to limit the voltages on 
the microelectrode to be within the “water window” [2].  
The normal anodic and cathodic compliance supply limits 
are +0.6V and –0.6V with-respect-to (WRT) Ag|AgCl.   

C. ASIC Command Set 
An internal state machine receives the commands from 

the NT interface and converts them into channel commands.  
A common on-chip parallel interface buss controls each 
channel uniquely by gating each channel driver as needed 
and as determined by the channel address within the 
interface command. 
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Figure 1 – 3D rendering of the implantable 
stimulation module showing the stimulation 
ASIC and electrodes mounted on a common 
substrate.
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 The basic instruction set for the stimulator ASIC is 
shown in Figure 3.  To command a single channel, using a 5-
MHz system clock, typically takes 10 μsec. The ASIC is 
controlled by the NT2 interface to provide the following 
modes of operation: 

System, Module, or Channel-Based Addressing Each 
stimulator ASIC has a 7-bit hardwired system address with a 
value from 0x00 to 0x7E with 0x7F being reserved for 
Broadcast Address (to all system ASICs at once) commands.  
A stimulator ASIC will respond only to instructions that 
contain its native address or the universal system wide 
command address.  The address is programmed at the time 
of incorporation into the module by laser cutting of on-chip 
metal links.  Conceptually, 128 stimulators, each with 16 

channels could be controlled through one NT2 4-wire 
interface.  
Independent Channel Operation Each stimulator ASIC 
controls 16 independent electrode channels.  Every channel 
can be programmed with its own stimulation parameters.  

Stimulation parameters include pulse amplitude and pulse 
width and are stored in the electrode cells.   
Multiple Operating Modes Each stimulator ASIC can be 
set to operate in three different modes: Normal, Electrode 
Conditioning, and Electrode Activation.  In normal mode the 
pulse width of stimulation is derived from a pulse width 
timer contained within each electrode cell, and is controlled 
by the NT2 system clock.  In conditioning mode and 
activation mode, the pulse width channel counters are 
disconnected from the system clock and require specialized 
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Figure 2 – Block diagram of the 16-channel stimulator ASIC 
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instructions to step through a stimulation pulse.  In 
conditioning mode, electrodes are connected to the normal 
anodic supply.  In Activation mode, the electrodes are 
connected to the high anodic supply.  Conditioning mode 
was built into the design to allow for manipulation of the 
tissue/electrode interface by slowly cycling the electrode 
voltage between an anodic and cathodic limit.  In a similar 
manner, Activation mode was built into the design to allow 
the stimulator to activate AIROF electrodes after all high-
temperature operations of the encapsulation packing have 
been performed (AIROF is not tolerant of dry elevated 
temperatures).  
Channel Monitoring A single channel from every 
stimulator ASIC can be dynamically connected to a read-
back signal, on the NT2Out line, to monitor the performance 
of an electrode channel by observing the electrode potential 
excursion during stimulation. 
Multiple Compliance Supplies Every Stimulator ASIC 
module has a normal +0.6V WRT ref, and high anodic limit 
+0.85V WRT ref,  (used for Activation mode).  Either one of 
these supplies can be connected to the electrode channels by 
changing the operating mode of the Stimulator ASIC.  When 
the stimulator ASIC chip is powered up or after a reset 
condition, all current drivers are initially disconnected.  
Before stimulation can be produced the desired channel’s 
current drivers must be connected and is accomplished by 
sending a special coded command.  After a channel’s current 

drivers are brought on-line, that channel is available to 
produce stimulation pulses.  Certain serial instructions 
produce stimulation on a single specific channel, while 
others produce stimulation on all available channels 
simultaneously.  In each case, the stimulation produced is 
characterized by each channel’s amplitude and pulse width 
values that have been previously set and stored within the 
electrode-driver cell.  Each instruction triggers a single 
stimulation pulse.  A pattern of stimulation is produced by 
sending a sequence of channel stimulation commands.  True 
simultaneous stimulation can also be produced on predefined 
channels.  Since the stimulation parameters, for any channel, 
can also be altered during a stimulation pulse, complex and 
innovative stimulation sequences can be produced within the 
surrounding neurons.   

III. ASIC LAYOUT

A CAD layout of the stimulator ASIC is shown in 
Figure 4.  Around the periphery of the die, the 16 electrode 
driver cells are placed.  The bonding pads are strategically 
placed so as to facilitate the wire-bonding to the electrode 
array substrate as shown in Figure 1.  The 4-wire NT2 
interface lines are marked as ABCD.  Each electrode driver 
contains a poly-poly-substrate power supply filter capacitor 
to prevent digital power supply noise from invading the 
stimulus output currents.  A total of 1 nF of capacitance is on 

Figure 4  –  Layout of the prototype stimulator ASIC  
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the die.  The Reference electrode input cell includes a high-
impedance buffer amplifier whose output is used by the 
compliance supply regulators.  The logic core state machine 
occupies a major portion of the central die area. 

IV. ASIC STIMULUS WAVESHAPE

Once stimulus parameters are loaded into an electrode 
driver, a short command can be used to repeatedly output a 
single stimulus pulse on that channel.  Once pulse is 
produced for each command, and the interpulse interval is 
controlled by varying the time between commands.  Using 
the global stimulation command, all channels can be 
simultaneous stimulated.  A typical stimulation waveform in 
which the normally-constant cathodic-first current pulse is 
“cut-back” to prevent electrode damage is shown in Figure 
5.  More details can be found in [2], as space does not allow 
for a detailed description of the compliance-supply limited 
driving strategy here.  

V. DISCUSSION

Although we have designed the stimulator ASIC for use in 
our specific multielectrode array, its operation is general 
enough that it might be used in other neural prosthesis 
stimulation systems. The present limitation in stimulus 
current amplitude of 63.5 A is only a function of the area 
restriction for use within the multielectrode array.  It would 
be relatively  easy to increase the size of the output 
transistors used for the electrode driving circuitry to obtain 
any desired maximum current. 
The Activation and Conditioning modes of the ASIC are 
unique.  For use of AIROF electrodes, it is important to be 
able to activate the electrodes only after all of the elevated 

temperature assembly operations are completed. This is 
because the AIROF can be damaged by the higher 
temperatures.  For AIROF activation ones needs to control 
the dwell time at a cathodic and anodic potential, and the 
ASIC command set allows for arbitrary control of both the 
anodic and cathodic dwell time durations. Conditioning 
mode is a related form of operation.  It is well known that 
electrode tissue interfaces can become affected by invasion 
of biomolecules and glial cells.  It has been suggested that 
some sort of slow cyclic voltage waveform, applied to the 
electrodes, may help to condition or restore the integrity of 
the artificial neural interface. 
The single NT2Out interface line is used for monitoring the 
voltage on a selected electrode.  Although the current 
waveform does not have a similar output, analysis of the 
voltage waveshape allows one to infer what the general 
shape of the stimulus current would be.  As long as the 
voltage waveform is not limited by the compliance supply, 
the stimulus current will be constant due to the wide range of 
compliance supply operation of the current drivers.  When 
the voltage excursion approaches the preset compliance 
limit, the current waveform will naturally cutback. 
This ASIC is one example of a family of chips that we are 
designing for use with the NeuroTalk interface.  The 
extreme flexibility of this interface allows for device specific 
sophisticated functions. 
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Figure 5 -  Oscilloscope waveforms for an AIROF  
electrode driven from the stimulator ASIC with the 
cathodic cutback method.  Note that as the 
electrode voltage, shown in red, approaches the –
0.6V limit, the current is reduced.  The cathodic 
injected charge density is 1.86mC/cm2.

2997


	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


