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ABSTRACT 
We present here the first demonstration of a 121-channel, 

chronically-implantable, wireless neural interface.  This fully-

implantable device enables animals to be freely-behaving in their 

natural environment, unconstrained by external wires.  This neural 

interface includes a polymer microelectrode array, capable of both 

stimulating and recording from neural tissue, integrated with a 

fully-biocompatible, hermetically-sealed, microelectronics 

package.  The 121 recording/stimulating electrodes demonstrate a 

high degree of reproducibility and repeatability. 

 

INTRODUCTION 
There is an ever growing need for reliable, biocompatible 

neural interfaces for chronic recording and stimulation of neural 

tissue.  This capability is required for identifying and 

understanding the underlying mechanisms of the complex nervous 

system and developing neuroprosthetics to treat debilitating 

chronic neurological disorders such as deafness, blindness, spinal 

cord injury, depression, and several brain-related diseases.  Most of 

the research used to investigate these conditions requires animals 

to be in their natural environment and not perturbed by the 

presence of personnel and the physical wires tethering them to 

measurement equipment.  Thus, it is clear that a reliable 

penetrating neural interface with high electrode density and 

wireless telemetry is a critical technology component for scientific 

research and clinical applications.  This work presents a fully-

implantable, wireless, neural interface for recording and 

stimulation of neural tissue.  This neural interface consists of a 

polymer microelectrode array integrated with a microelectronics 

packaged that is hermetically sealed in a biocompatible package. 

 

Wireless Neural Interfaces 

Wireless neural interfaces have been developed by several 

groups [1-9] in recent years.  There are four major elements that 

distinguish this work from previously published work. 

1. The use of a polymer microelectrode array. 

2. The microelectronics package is fully-implantable. 

3. The microelectronics package is hermetically 

sealed. 

4. There are 121 channels, all capable of stimulating 

and recording from neural tissue. 

While each of these elements has been previously published [1-

15], this is the first demonstration of the combination of all 4 of 

these elements.  Similar demonstrations of these elements have 

been developed [8-9] primarily for use in retinal implants to restore 

site.  These implants, however, have only 16-64 channels and are 

typically only capable of neural stimulation, not recording. 

 

Polymer Microelectrode Array 

There has been significant work done in the fabrication of 

both polymer [7-15] and silicon [1-6] microelectrode arrays for 

stimulation of and recording from neural tissue.  These 

microelectrode arrays consist of discrete electrodes that are 

connected, via metal traces, to output leads and/or other signal 

processing circuitry.  Neuronal stimulation and recording is 

conducted at these electrode sites. 

Silicon microelectrode arrays [1-6] can be easily and 

efficiently fabricated, primarily due to the prevalence of silicon in 

the microelectronics industry and the resulting wealth of 

established fabrication techniques.  Unfortunately, there are 

significant concerns regarding the suitability for long-term (i.e. 

chronic) in vivo studies, as silicon is not a biocompatible material 

[16].  Further, strain can be induced on the neural tissue due to the 

mismatch between the mechanical properties of silicon and neural 

tissue and the continuous micro-motion of the tissue.  This can 

cause chronic injury and glial scarring at the implantation site. 

Polymer microelectrode arrays [7-15] are an attractive 

alternative.  The rapid development of MEMS fabrication 

techniques and the increasing presence of these polymers ensures 

that polymer-based microelectrode arrays can be fabricated with 

the same ease and efficiency as silicon microelectrode arrays.  The 

mechanical properties of these polymer microelectrode arrays are 

more closely matched to that of neural tissue, thus imparting less 

strain and minimizing injury and glial scarring at the implantation 

site [17].  In addition, these polymers, specifically polyimide and 

parylene, are both biocompatible materials; thus, they are more 

suitable for chronic implantation than silicon [18]. 

Several wireless neural interfaces have been developed using 

silicon [1-6] and polymer [7-9] microelectrode arrays.  The 

microelectrode array presented here is a polyimide microelectrode 

array. 

 

Fully-Implantable Microelectronics Package 

The microelectronics package presented here is fully-

implantable.  Previous work (mostly retinal implants) has 

demonstrated the use of a fully-implantable microelectronics 

package [1,4,7-9].  Several groups, however, have used 

percutaneous or head-mounted microelectronics package [2-3,5-6].  

There are two significant advantages for a fully-implantable 

package, especially for chronic in vivo studies.  First, as the 

packages are fully-implantable they are less prone to breakage or 

damage.  Second, fully-implantable packages are less prone to 

infection, as there are no open wound/surgical insertion sites. 

 

Hermetically-Sealed Microelectronics Package 
In addition to being fully-implantable, the microelectronics 

package is hermetically-sealed.  Some previous work has 

demonstrated the use of a hermetically-sealed microelectronics 

package, although this has been limited to retinal implants [7-9].  

The alternative to hermetic sealing is a polymer coating [1,4].  

Polymer-coated microelectronics packages, however, are 

susceptible to sealing problems due to both potential non-

uniformities in polymer coatings and adhesion issues.  

Hermetically-sealed microelectronics packages do not suffer from 

either coating non-uniformity or material adhesion problems; thus, 

they are more suitable for chronic, long-term in vivo studies. 

 

121-Channels for Neural Stimulation and Recording 

In general, more channels (i.e. electrodes) correlates to an 

increased number of neurons as potential targets for either 

stimulation or recording.  Most wireless neural interfaces are 

limited to 15-16 channels [2-3,5-8].  Recently, several groups have 

demonstrated larger channel numbers, generally 60-100 channels 

[1,4,9].  We present here the first demonstration of a 121-channel 

wireless neural interface. 
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WIRELESS NEURAL INTERFACE – FABRICATION 

AND ASSEMBLY 
There are three main components to this wireless neural 

interface: 1) polymer microelectrode array, 2) hermetically-sealed 

microelectronics package, and 3) inductive coils for power and 

data transfer. 

 

Polymer Microelectrode Array 

Although the use of flexible polyimide minimizes the injury 

and glial scarring caused by the implantation of the microelectrode 

array, it does not eliminate it.  The amount of injury and scarring 

can be further reduced by minimizing the size of the implanted 

microelectrode array.  Unfortunately, typical efforts to minimize 

the size also limit the number of stimulation and recording sites 

(electrodes).  In order to effectively decrease the size of the probe, 

while maintaining the electrode count, additional trace metal layers 

are required.  Generally, the width of the microelectrode arrays is 

20 – 30 times the thickness.  Thus, although the additional metal 

layers necessitate additional polyimide insulating layers, a 

significant decrease in microelectrode array width can be achieved 

with only a marginal increase in thickness.  The resulting reduction 

in cross-sectional area will cause less injury and scarring while 

maintaining the same number of electrodes. 

There are several examples of polyimide microelectrode 

arrays with one layer of trace metal [7-11].  In addition, some work 

has demonstrated the use of two layers of trace metal [12-15].  We 

present here a fabrication process for microelectrode arrays 

utilizing three layers of trace metal. 

The general fabrication process for these 3-layer metal 

microelectrode arrays is summarized in Figure 1.  The processing 

steps are summarized below: 

1. Polyimide 1 Deposition (5 µm) 

2. Deposition/Patterning of Trace Metal 1 (Ti/Au/Ti) 

3. Polyimide 2 Deposition (2 µm) and Inter-layer Via 

Etching (O2 Plasma) 

4. Deposition/Patterning of Trace Metal 2 (Ti/Au/Ti) 

5. Polyimide 3 Deposition (2 µm) and Inter-layer Via 

Etching (O2 Plasma) 

6. Deposition/Patterning of Trace Metal 3 (Ti/Au/Ti) 

7. Deposition/Patterning of Electrode Metal (Ir) 

8. Polyimide 4 Deposition (5 µm) and Electrode Via 

Etching (O2 Plasma) 

9. Device Outline Etching (O2 Plasma) 

We have demonstrated this process using polyimide.  The 

same fabrication process can be used with other polymers, such as 

parylene and silicones. 

Photographs of the three-layer metal, polyimide 

microelectrode array are shown in Figure 2.  The polymer 

microelectrode array consists of 5 distinct probes, all routed 

together and joined at a single connector.  Each probe has 4 

shanks; each shank has 6 recording/stimulating electrodes plus 1 

reference electrode.  This creates a single polyimide 

microelectrode array with 121 electrodes (all of the reference 

electrodes are shorted together).  The flexibility of the individual 

probes ensures the final device can be easily assembled into a 

three-dimensional superstructure (4 x 5 array of shanks). 

 

Hermetically-Sealed Microelectronics Package and Inductive 

Coils 

The microelectronic components need to be hermetically 

sealed and separated from the neural tissue for two basic reasons.  

First, the electronics are made of non-biocompatible materials that 

may elicit a cytotoxic response from the neural tissue.  Second, the 

electronics would corrode (and be shorted out) due to moisture and 

the harsh, biological environment of the body.  Therefore, the 

microelectronics package consists of a biocompatible metal can 

attached to a ceramic substrate.  The electronics are then sealed 

inside this can (Figure 3), effectively preventing physical 

interaction with the neural tissue. 

 

 
Figure 1: Cross-sectional view of the general fabrication process 

for three-layer trace metal, polyimide microelectrode arrays.  

(Images are not drawn to scale.) 

 

 

 
Figure 2: The entire polyimide microelectrode array, with 5 

probes, is shown at the top.  All of the probes are joined at a single 

connector (right).  An enlargement of one of the probe tips 

(bottom) shows the 4 shanks, each with 6 electrodes for 

recording/stimulating and 1 reference electrode. 

 

A variety of electronic components are used to convert the 

wireless data and power signals into the 121 individual electrical 

impulses that are delivered to the neural tissue.  The electronics 

contained in this wireless neural interface are: 

1. A power telemetry chip that converts the incoming 

power telemetry signal into the necessary voltages 

that operate the stimulator chip. 

2. A stimulator chip that uses the incoming data signal 
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and generates the independent electrical impulses.  

(This chip is scalable to 256 channels.) 

3. Associated surface mount circuitry (both active and 

passive), such as an oscillator (for the chip clock), 

resistors, capacitors, diodes, and an inverter. 

This wireless neural interface does not contain a battery, rather, the 

wireless data and power signals are transferred to it using 

inductively coupled coils.  The inductive coils for wireless 

telemetry (power and data transfer) are fabricated using gold wire 

with polyimide coating for insulation. 

 

 

 
Figure 3: Cross-sectional schematic of the microelectronics 

package (top).  The electronics are hermetically-sealed inside the 

metal can (green).  The stimulator and power telemetry chips 

(yellow), silicon interconnect board (red), and surface mount 

circuitry (purple) are shown.  The metal can (13 mm diameter, 3.8 

mm tall) is brazed on a ceramic disc (gray) with high-density vias 

(blue) for connections between the electronics and the 

microelectrode array. 

 

The electronic components are assembled using several 

microelectronics packaging/assembly methods in a manner that 

minimizes the total volume of the device.  These components are 

assembled inside a hermetically-sealed package.  The package 

consists of a ceramic substrate that contains an array of hermetic 

electrical feedthroughs which transmits electrical signals to and 

from the electronics and microelectrode array.  The ceramic 

substrate is uniformly coated with a biocompatible metal stack.  

The metal is then lithographically-patterned on one side for the 

attachment of the electronics components and on the other side for 

the attachment of the polymer microelectrode array and the 

inductive coils.  The stimulator chip is assembled directly on the 

ceramic substrate with flip-chip bonding.  The remainder of the 

electronics components (power telemetry chip and other circuitry) 

are assembled onto a silicon interconnect board.  High-aspect-ratio 

wire-bonds serve as interconnects between the power telemetry 

chip, the interconnect board, and the stimulator chip.  The ceramic 

substrate is brazed to a biocompatible niobium ring.  Once all of 

the electronics components are assembled onto the ceramic 

substrate, the microelectronics package is then hermetically-sealed 

by laser welding a niobium cap to the ring.  Finally, the 

microelectrode array and inductive coils are connected to the 

ceramic substrate with gold rivet bonds [19] (Figure 4). 

 

NEURAL INTERFACE CHARACTERIZATION 
Electrochemical Testing 

The iridium activation was performed using biphasic potential 

pulsing in phosphate-buffered saline to form an activated iridium 

oxide film (AIROF).  Individual iridium electrodes were 

characterized to determine charge storage capacity (CSC) and 

impedance both before and after activation.  Cyclic voltammetry 

(CV) and electrochemical impedance measurements were made 

with a Princeton Applied Research (PAR) potentiostat using 

vendor-supplied software.  All measurements were made in a 

three-electrode cell using a Pt counter electrode, an Ag/AgCl 

reference electrode, and phosphate-buffered saline (pH 7.4) as the 

electrolyte.  Potential cycling for the CVs was performed between 

-600 mV and +800 mV at a scan rate of 100 mV/s. 

 

 

 
Figure 4: The top image shows the polymer microelectrode array 

with gold rivet bonds to the ceramic substrate.  The bottom image 

shows an enlarged view of three rivet bond connections.  Each 

electrode has two rivet bonds (for redundancy).  Each pair of rivet 

bonds has a pitch of 305 µm.  The rivet bonds are each ~80 µm in 

diameter. 

 

Typical CV curves for 12 of the 121 electrodes are shown in 

Figure 5.  The recording/stimulating electrodes are 40 µm by 65 

µm.  As can be seen, the CVs for the different 

recording/stimulating electrodes overlap quite well and the 

characteristic iridium oxide peaks are clearly visible after 

activation.  Post-activation, the average CSC for the 

recording/stimulating electrodes on a single device is 30.81 

mC/cm2, with a standard deviation of 0.70 mC/cm2.  Post-

activation, the average impedance for the recording/stimulating 

electrodes on a single device is 46.00 kΩ, with a standard deviation 

of 4.52 kΩ (at a frequency of 948.7 kHz).  Thus, for a single 

device, there is no significant difference in electrode 

characteristics. 

 

Biocompatibility Testing 

The selection and evaluation of materials and devices 

intended for use in humans requires a structured program of 

assessment to establish biocompatibility and safety.  These 

wireless interfaces have passed the ISO-10993 array of 

biocompatibility testing for chronically implanted devices, in 

accordance with the FDA regulations.  This includes assessing the 

155



biological reactivity, allergenic potential, sensitizing capacity, 

systemic toxic effects, immune response, and genetic mutations in 

animal models.  The completely assembled interfaces (although 

with platinum electrodes), including microelectronics package, 

have successfully passed this biocompatibility testing.  The neural 

interfaces with iridium electrodes have not been subjected to the 

complete array of testing, but have successfully passed basic 

cytotoxicity screening.  We expect the neural interfaces with 

iridium electrodes to also successfully pass biocompatibility 

testing, due to the inherent similarities in material selection and 

fabrication process. 

 

 
Figure 5: Typical CV curves of 12 representative 

recording/stimulating electrodes after electrochemical activation.  

The CVs overlap extremely well and the characteristic iridium 

peaks are clearly visible. 

 

CONCLUSION 
We have presented here the first demonstration of a 121-

channel, fully-implantable, wireless, neural interface for recording 

and stimulation of neural tissue.  The neural interface consists of a 

polymer microelectrode array integrated with a hermetically-

sealed, biocompatible, microelectronics package.  The fully 

assembled neural interfaces are currently undergoing further 

functional and lifetime testing in preparation for in vivo studies. 
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