
  

  

Abstract—A multitude of neuroengineering challenges exist 

today in creating practical, chronic multichannel neural 

recording systems for primate research and human clinical 

application. Specifically, a) the persistent wired connections 

limit patient mobility from the recording system, b) the 

transfer of high bandwidth signals to external (even distant) 

electronics normally forces premature data reduction, and c) 

the chronic susceptibility to infection due to the percutaneous 

nature of the implants all severely hinder the success of neural 

prosthetic systems.  Here we detail one approach to overcome 

these limitations: an entirely implantable, wirelessly 

communicating, integrated neural recording microsystem, 

dubbed the Brain Implantable Chip (BIC).     

I. INTRODUCTION 

EUROSCIENTISTS and engineers together  have made 

remarkable progress in unraveling the machinery, and 

subtlety, of the primate brain. From this has emerged a 

fascinating contemporary technical and ethical challenge: 

Can we turn thoughts into actions?   Extraordinary work has 

been done showing that indeed this type of bridge can be 

made, and motor outputs can be deciphered from limited 

information extracted from the brain [1], [9], [10], [12]. 

However, the question remains as to how wide the lanes of 

this bridge can and should be. Truly understanding the brain 

will require sensing across a vast range of temporal and 

spatial scales (low frequency potentials, 1-40 Hz, to action 

potentials, ~1000 Hz – LFPs to spikes). This paper 

selectively highlights our current research, which aims at 

developing a wireless link to the brain via implantable active 

microchips.  

 There are millions of patients who suffer from serious 

neurological insult and illness, whose quality of life is 

substantially compromised even while the brain itself is 

completely functional. Society, and the individual, stands to 

have much to gain from the development of devices that can 

directly record and translate cortical signals into functional 
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motor or other output. This translation has been the drive 

behind the Neuromotor Prosthesis field (NMP) and is the 

fundamental reason for the development of the BIC 

microsystem. 

 Implantable cortical NMP systems present many 

challenges, including the development and integration of 

ultra-low-power microelectronic chips onto the sensing 

multielectrode array (MEA), the modality of on-board 

broadband telemetry, and the power delivery since such a 

system necessitates active electronics. Almost paramount to 

these challenges is the encapsulation and biocompatibility of 

an electrically active, multi-element implant.   In this paper, 

we describe our approach and development status towards 

these challenges, highlighting design choices and recent 

results of wireless data transmission from an implanted 

microsystem in a fully awake rhesus macaque monkey over 

a period of 14 days. 

 This paper is organized into the following sections: 

Section II describes the design choices taken and the 

fabrication process, including MEA-amplifier integration, 

encapsulation, and ex vivo (benchtop) testing. Section III 

details acute rodent, ad-hoc primate, and sub-chronic 

primate experiments providing implementation details from 

each design. Section IV presents our results from wireless 

data transmission of the BIC microsystem. 

II. DESIGN CHOICES AND FABRICATION OF THE BIC 

A. Substrate Design 

Flexibility, processability, and biocompatibility are the 

greatest deciding factors when choosing a substrate to build 

an implantable microsystem onto. In addition, due to the 

sensitivity of the cortex to temperature change and 

intracranial volume constraints (we limited ourselves to 1 ˚C 

and 1 mm in thickness above the cortex), we needed to take 

into account the distribution of components over the cortical 

landscape. We employ a “two island” concept where the 

sensing components are separated from the digitizing and 

telemetry components. The “frontend” (intracranial) section 

contains only the amplifier and microelectrode array. A thin 

substrate interconnect bridges the frontend to the “backend” 

(extracranial), which, is where digitization and telemetry 

occur.   

For this microsystem we chose to use Kapton (a 

polyimide – constructed at Microconnex, inc. Seattle, WA).  

At a thickness of 0.0005”, CuNiAu traces of 0.001, and 
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double-sided lamination (Kapton) of 0.001” each, the entire 

substrate achieved a very flexible, as well as durable 

structure. These substrate materials have been successfully 

used for some time in retinal prosthetics [14]. 

B. Amplifier and MEA – Integration  

We have developed an ultra-low power, easily 

integrateable CMOS preamplifier array with integral 

multiplexing and measured noise levels (in saline) of 9 

uVRMS. This 16-channel, fully scalable CMOS amplifier 

array has an average gain of 44 dB, bandwidth from 10 Hz 

to 7.3 kHz, and an average power consumption of 52 

!W/preamplifier (see table 1).  

This chip was designed to be integrated directly on the 

back of the MEA (Blackrock inc., Salt Lake City. UT) in 

order to minimize the distance raw analog signals must 

travel before amplification. We have chosen to use a flip-

chip integration strategy based on a specific conductive 

epoxy (H20E, Epoxy Technology, Inc.) for the electrical 

interface between the microelectrode array and the CMOS 

chip.  Conductive silver epoxy is applied to the pads (80 !m 

" 80 !m) of the CMOS chip by a pin stamping technique so 

that approximately 150 !m diameter and 50 !m high epoxy 

dots are deposited with <10 !m placement precision. A 

semi-automatic, epoxy dot-stamping machine minimizes any 

potential stress applied to the assembly.  The 16-element 

MEAs were bonded to the CMOS chip using a high 

accuracy, flip-chip bonder (RD Automation, Inc, model M9) 

with “zero pressure” epoxy bump bonding. The die bonder 

incorporates an optical auto-collimator, a critical component 

to ensure absolute parallelism between the entire 

microelectrode array and amplifier chip during mating.  

C. Infrared Telemetry 

Data in the microsystem begins as input to the amplifier. 

The amplifier output is then multiplexed in time domain and 

sent to the backend through conductive traces on the flexible 

Kapton substrate connecting the frontend and backend (the 

tether). On the backend, the multiplexed analog data is 

transformed into a serial digital stream by the ADC, and then 

is converted into digital stream of pulses by a vertical cavity 

surface-emitting laser (VCSEL) controlled by the digital 

controller IC. The light pulses are received in free space by a 

Silicon PIN photodiode (S6967 from Hamamatsu Inc.), 

which converts the pulse code modulated light signal into a 

digital stream of electrical pulses (a TTL signal) for real-

time reconstruction and storage of the neural signal 

recordings in an PC though a custom designed digital 

interface. Transmission through primate skin causes 

scattering, but the photodiode is still able to pickup the 

digital stream when placed within ~2 mm of the skin 

surface. Optimization of the beam pickup is currently 

underway. 

D. Encapsulation 

The entire microsystem of fig. 1 (bottom) is presently 

encapsulated in polydimethylsiloxane (PDMS) for electrical 

isolation and mechanical flexibility. Surgical implant 

considerations require careful control of PDMS thickness to 

maintain flexibility in the tether and to prevent buildup over 

the electrode array. For images of the structure after 

encapsulation, see Refs. [6], [7]. The main functions of the 

encapsulation are to ensure (i) that electrical leakage current 

to the adjacent tissue is minimized, and (ii) ionic leakage 

from the tissue to the electronic components is less than 

10pA. For chronic implant applications, this presents a 

formidable challenge for all researchers in the field of 

implantable neural prosthetics. We view our initial approach, 

using PDMS (NuSil R-2188), as a useful starting point for 

sub-chronic or short-term (1 - 3 months) in-vivo animal 

testing.   In addition, we have designed and implemented an 

encapsulation test unit (ETU), which, simulates the 

topographical, thermal, and electrical stresses put on the 

encapsulent to test leakage current and component 

functionality over extended periods of soak time. This test 

system allows us to evaluate and characterize potential 

encapsulants under realistic conditions.  

E. Scalability 

While the system expressed here attains 16 (one channel, 

16, carrying the frame synchronization word to align the 

received data stream), it has been designed from the outset to 

 
Fig. 1.  A Schematic of Brain Implantable Chip with pedestal and 

image of system encapsulated in NuSil R-2188 for saline testing.  The 

schematic (top) shows the data flow from the MEA sensor, through the 

amplifier and digitizer, and eventually bifurcated in the controller to be 

delivered wirelessly via IR and wired on the data-out line. 

 

TABLE I 

POWER CONSUMPTION OF BIC COMPONENTS 

Component Consumption Unit 

ADC (AD7495) 4.5 mW 

Preamplifier (M4b) 52 uW 

Amplifier overall (M4b) 1.3 mW 

Controller 5 mW 

VCSEL 2 mW 

Total 12.32 mW 

Power consumption of components in the BIC microsystem based 

on 3.3 VDC delivered to the system. The overall amplifier power 

consumption here is very low, compared to the 80 !W per amplifier 

presented by Harrison [5]. 
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be expanded without major redesign – specifically for a 100-

channel MEA platform (work under way). A 4 x 4 MEA 

allowed for simpler integration and faster turn-around time 

of devices. However, it is clear from previous work that 

more units, and in effect, more channels, are required to 

accurately decode intention in a high-dimensional space, 

such as in representing wrist and arm joint angles. Beyond 

increasing the number of channels for a given MEA, the 

layout of our BIC system also allows, in principle, its 

extension to a number of cortical ‘frontend’ implants 

(various recording sites) which are connected to a common 

subcutaneous backend telemetric unit.  

III. IMPLEMENTATIONS OF THE BIC MICROSYSTEM 

Two variations of the microsystem have been fabricated 

to serve specific tasks. In addition, various forms of the 

“primate microsystem” have been used in a rodent model to 

validate the frontend insertion parameters, which are in fact 

different from published values for the pneumatic insertion 

of just a MEA with wire bundle into primate cortex (higher 

pressure, 25-30 psi). 

A. Screw-top Microsystem - External 

For the evaluation of the BIC electronics and 

functionality, it made sense to develop a system that could 

take input directly from the NeuroPort implant (passive 100 

electrode array with pedestal connector – see Refs. [1], [7], 

and [10]). This would allow us to test the performance of all 

critical components (signal-noise levels of the amplifier, 

wireless telemetry, etc.) on signals from a primate with a 

well-characterized implant. The system we developed is 

called the Brown Neurocard (BNC) and has been recently 

detailed in [11]. It has been used on 3 different primates with 

great success. This device has and will continue to serve as 

an excellent test platform with direct access to neural signals 

without reimplantation of the primate. 

B. Primate Microsystem - Implantable 

As shown in fig. 1 (bottom), the implantable primate 

microsystem is encapsulated in PDMS and has an “L” shape, 

which was designed to fit the cortex of the primate in study. 

The electrodes of the microsystem frontend were inserted ~1 

mm into the arm area of MI. The tether was tunneled 

through the craniotomy, allowing the backend to sit atop the 

skull where it was fixed with titanium screws. A titanium 

pedestal was used to allow power, clock and ground lines to 

enter the system and to allow data lines to exit (data lines 

were used for verification of optical data). In future models 

of this system, power and clock will be delivered by RF 

inductive coupling allowing for wireless power transmission.  

All data reported in this paper was recorded from the 

primate microsystem and was recorded via transcutaneous 

optical link from an implanted device.  

IV. RESULTS OF PRIMATE SUB-CHRONIC STUDY 

Seven days after implantation, we began to see spiking 

activity on several channels (one in particular is shown in 

fig. 2). After the first day of recording, the number of 

channels with spiking units varied from 8-12. In addition, 

several channels showed more than one unit on a given 

session. It was unclear and remains unverified if the same 

units were being recorded on each channel throughout the 

two-week period. For example, on day 8 channel 14 showed 

clear activity while on day 9 it presented none. Below in fig. 

3 we show average waveforms from all recording channels. 

Although the data shown is the filtered, windowed 

waveform, it is critical to remember that we are recording 

and transmitting broadband (10 Hz – 7300 Hz) data which 

may contain other neural signals, besides spikes, that we 

may be interested in. 

Once initial characterization was completed of the 

microsystem, the primate was trained to sit in a chair and 

grasp the trainer’s hand. During this exercise, we recorded 

neural activity over 7 trials. The spiking activity correlated 

well with the timing of the movement – raster plots shown in 

 
Fig. 2.  Superimposed traces recorded from fully implanted neural 

sensing microsystem with transcutaneous optical data link, 7 days 

after implantation. On this particular day of recording, 5 channels 

showed spiking activity. A maximum of channels recording occurred 

on day 11 with 12 of 15 channels showing spikes. Total data above 

collected over 15 seconds. 

 

 
Figure 3 Overlays (from 20-60 spikes) from all 15 channels recorded 

wirelessly from primate motor cortex while primate performed 

grasping tasks.  
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fig. 4. These results show clearly that (i) our system is able 

to transmit broadband data transcutaneously (wirelessly) out 

to a receiver, and (ii) that the data being transmitted is in fact 

neural in origin and movement dependant.  

V. CONCLUSION AND CONTINUED WORK 

While reporting progress where an implantable 

microsystem has been tested in a non-human primate on the 

order of 1 month, many challenges remain on the path to a 

fully implantable, neural processing platform for chronic, 

long-term human use. Among these are the encapsulation  

(packaging) of the implantable units to ensure extended 

animal and patient safety and biocompatibility. Specifically 

for the BIC microsystem reported here, we are presently 

developing surgical and post-operation procedures for our 

tabletop tested device with transcutaneous inductive RF 

power delivery to complete the truly wireless cortical neural 

interface in non-human primates and eventually human 

patients. 
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Fig. 4.  Raster (top) and histogram (bottom) of grasp event (red, pr 

shaded if black and white print). This particular neuron appeared to be 

particularly correlated with grasp relaxation, i.e. when the primate 
released its grip. 

5534


	MAIN MENU
	CD/DVD Help
	Search CD/DVD
	Search Results
	Print
	Author Index
	Keyword Index
	Program in Chronological Order
	Themes and Tracks

