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BIOLOGICAL INTERFACE SYSTEM

DESCRIPTION OF THE INVENTION

[001]  This application claims the benefit of priority under 35 U.S.C. §

119(e) of U.S. provisional application no. 60/615,629, filed October 4, 2004.

Field of the Invention

[002] The present invention relates to biological interface systems that
include one or more devices controlled by processed multicellular signals of a
patient. A processing unit produces a control signal based on multicellular
signals received from a sensor comprising multiple electrodes. More particularly,
the system includes numerous components to provide enhanced utility and

improved safety.

Description of Related Art

[003] Biological interface devices, for example neural interface devices, |
are currently under development for numerous patient applications including
restoration of lost function due to traumatic injury or neurological disease.
Sensors, such as electrode arrays, implanted in the higher brain regions that
control voluntary movement, can be activated voluntarily to generate electrical
signals that can be processed by a biological interface device to create a thought
invoked control signal. Such control signals can be used to control numerous
devices including computers and communication devices, external prostheses,
such as an artificial arm or functional electrical stimulation of paralyzed muscles,
as well as robots and other remote control devices. Patient’s afflicted with
amyotrophic lateral sclerosis (Lou Gehrig’s Disease), particularly those in

advanced stages of the disease, would also be applicable to receiving a neural
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interface device, even if just to improve communication to the external world,
including Internet access, and thus improve their quality of life.

[004] Early attempts to utilize signals directly from neurons to control an
external prosthesis encountered a number of technical difficulties. The ability to
identify and obtain stable electrical signals of adequate amplitude was a major
issue. Another problem that has been encountered is caused by the changes
that occur to the neural signals that occur over time, resulting in a degradation of
system performance. Neural interface systems that utilize other neural
information, such as electrocorticogram (ECoG) signals, local field potentials
(LFPs) and electroencephalogram (EEG) signals have similar issues to those
associated with individual neuron signals. Since all of these signals result from
the activation of large groups of neurons, the specificity and resolution of the
control signai that can be obtained is limited. However, if these lower resolution
signals could be properly identified and the system adapt to their changes over
time, simple control signals could be generated to control rudimentary devices or
work in conjunction with the higher power control signals processed directly from
individual neurons.

[005] Commercialization of these neural interfaces has been extremely
limited, with the majority of advances made by universities in a preclinical
research setting. As the technologies advance and mature, the natural
progression may be to more sophisticated human applications, such as those
types of devices regulated by various governmental regulatory agencies
including the Food and Drug Administration in the United States.

[006] When sophisticated biological interface systems are commercially

available it may become important for these systems to include numerous safety
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features required in the various locations of patient care and other patient
settings. Also, systems which allow multiple devices to be controlled in a safe
and reliable manner may be mandated. Convenience, flexibility and simplified
use for the patient, their caregivers and family members may also be a

requirement.

SUMMARY OF THE INVENTION

[007] According to a first aspect of the invention, a biological interface
system for collecting multicellular signals emanating from one or more living cells
of a patient and for transmitting processed signals to control a device is
disclosed. The biological interface system comprises a sensor for detecting the
multicellular signals. The sensor comprises a plurality of electrodes that are
configured to detect the multicellular signals. The system further comprises a
processing unit for receiving the multicellular signals from the sensor, for
processing the multicellular signals to produce processed signals, and for
transmitting the processed signals to the controlled device. The system further
includes the controlled device for receiving the processed signals. The
processing unit includes an implanted portion, the implanted portion comprising
a first communication transmitter and a second communication transmitter. The
first communication transmitter and the second communication transmitter are
configured to independently trénsmit information to one or more devices external
to the patient.

[008] According to a second aspect of the invention, a biological
interface system for collecting multicellular signals emanating from one or more
living cells of a patient and for transmitting processed signals to control a device

is disclosed. The system comprises a first sensor for detecting the multicellular
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signals, the sensor comprising a plurality of electrodes to allow for detection of
the multicellular signals and a second sensor for detecting an additional
parameter. The system also includes a processing unit for receiving the
multicellular signals from the first sensor and for processing the multicellular
signals to produce processed signals. The processing unit includes an
implanted portion. The system further includes the controlled device for
receiving the processed signals. The implanted portion of the processing unit
also receives signals from the second sensor.

[009] According to another aspect of the invention, a biological interface
system for collecting multicellular signals emanating from one or more living cells
of a patient and for transmitting processed signals to control a device is
disclosed. The system comprises a sensor for detecting the multicellular signals.
The sensor comprises a plurality of electrodes that detect the multicellular
signals. The system further comprises a processing unit for receiving the
multicellular signals from the sensor and for processing the multicellqlgr signals
to produce processed signals. The processing unit comprises an impedance
analysis device for measuring the impedance of an electrical path between one
or more of the sensor electrodes and a separate location. The system further
includes the controlled device for receiving the processed signals.

[010] According to another aspect of the invention, a biological interface
system for collecting multicellular signals emanating from one or more living cells
of a patient and for transmitting processed signals to control a device is
disclosed. The system comprises a sensor for detecting the multicellular signals.
The sensor comprises a plurality of electrodes that detect the multicellular

signals. The system further includes a processing unit for receiving the
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multicellular signals from the sensor and for processing the multicellular signals
to produce processed signals. The processing unit comprises an electronic
module for processing signals. The system further includes a controlled device
for receiving the processed signals. The electronic module includes first
electrostatic discharge protection circuitry which prevents electrostatic discharge
energy from damaging one or more components of the electronic module. The
electronic module further includes second electrostatic discharge protection
circuitry which prevents electrostatic discharge energy from damaging tissue of
the patient.

[011] According to yet another aspect of the invention, a cellular access
system comprising a sensor for placing multiple electrodes in close proximity to
living cells below a tissue surface of a patient is disclosed. The sensor
comprises a base of material having a top surface and a bottom surface. A
plurality of elongate projections are mounted to the base and extend from the
bottom surface of the base. One or more of the projections include at least one
electrode along its length. The system further includes connection member
linked with the electrodes for providing electrical connection to each of the
electrodes. The system further includes a protective cap which is configured to
protect one or more of the projections from damage. The mounting pattern of
the projections defines a periphery, and the base further includes a flange
portion extending radially outward from at least a portion of the mounting pattern
periphery. The protective cap engages with the flange portion of the base of the
sensor.

[012] According to yet another aspect of the invention, a cellular access

system for implanting in a patient is disclosed. The system comprises a sensor
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comprising a plurality of electrodes that allow chronic access of cells. The
sensor comprises a base of material having a top surface and a bottom surface.
A plurality of elongate projections are mounted to the base and extend from the
bottom surface of the base. One or more of the projections include at least one
electrode along its length. The system further includes signal connection
member linked with the electrodes for providing electrical connection to each of
the electrodes. An elongate electrical conduit comprising a bundle of
filamentous conductors, one end of each of the filamentous conductors are
electrically connected to the signal connection member of the sensor. The
electrical conduit includes at least one fixation point along its length.

[013] According to yet another aspect of the invention, a cellular access
system for implanting in a patient is disclosed. The system comprises a sensor
for placing multiple electrodes in close proximity to living cells below a tissue
surface. The sensor comprises a base of material having a top surface and a
bottom surface. A plurality of elongate projections are mounted to the base and
extend from the bottom surface of the base. One or more of the projections
include at least one electrode along its length. The system further includes
signal connection member linked with the electrodes for providing electrical
connection to each of the electrodes. The system further includes a planar
electrical conduit comprising a plurality of conductors. Each conductor is
electrically connected to tﬁe one or more conductive pads of the sensor. The
planar electrical conduit includes an expandable portion along its length.

[014]  According to yet another aspect of the invention, a cellular access
system for implanting in a patient is disclosed. The system comprises a sensor

for placing multiple electrodes in close proximity to living cells below a tissue
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surface. The sensor comprises a base of material having a top surface and a
bottom surface, the top surface including a pattern of electrical conductors. A
plurality of elongate projections are mounted to the base and extend from the
bottom surface of the base. One or more of the projections include at least one
electrode along its length. The system further comprises signal connection
member linked with the electrodes for providing electrical connection from each
of the electrodes to the pattern of electrical conductors on the top surface of the
base. The system further includes a planar electrical conduit including a
proximal end and a distal end. The planar electricai conduit comprises a plurality
of conductors. The planar electrical conduit includes on its proximal end a
pattern of conductors, the pattern matching and being electrically connected to
the pattern of conductors on the top surface of the base of the sensor.

[015] According to yet another aspect of the invention, an inserter for
implanting an electrode array in a biological tissue is disclosed. The inserter
comprises a casing having first and second ends and enclosing a chamber. A
piston is disposed within the casing and is slidable between a first and a second
position. The inserter further includes piston actuator operably associated with
the piston for urging the piston to the second position. The inserter further
includes a piston attachment member for attaching the piston to the electrode
array to be implanted.

[016] Both the foregoing general description and the following detailed
description are exemplary and are intended to provide further explanation of the

embodiments of the invention as claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[017] The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate various embodiments of the
present invention, and, together with the description, serve to explain the
principles of the invention. In the drawings:

[018] Fig. 1 illustrates a schematic representation of the biological
interface system consistent with the present invention;

[019] Fig. 2 illustrates an exemplary embodiment of a portion of the
biological system, including sensor electrodes implanted in the brain of a patient
and a first portion of a processing unit implanted on the skull of the patient, and a
second portion of the processing unit placed near the ear of the patient,
consistent with the present invention;

[020] Fig. 3 illustrates another exemplary embodiment of a biological
interface system consistent with the present invention wherein an operator
configures the system at the patient site;

[021] Fig. 4 illustrates another exemplary embodiment of a biological
interface system consistent with the present invention wherein a patient controls
multiple devices and an operator configures the system at a site remote from the
patient;

[022] Fig. 5 illustrates another exemplary embodiment of a portion of
the biological system including an implanted portion of a processing unit
consistent with the present invention;

[023] Fig. 6 illustrates another exemplary embodiment of a portion of
the biological system including a sensor and a through-the-skin connector for

mounting on the skull, consistent with the present invention;
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[024] Fig. 7A illustrates another exemplary embodiment of a portion of
the biological system including an external portion of the processing unit
consistent with the present invention;

[025] Fig. 7B illustrates another exemplary embodiment of a portion of
the biological system including an external portion of the processing unit
consistent with the present invention;

[026] Fig. 8 illustrates another exemplary embodiment of a portion of
the biological system including a through-the-skin connector mounted to the skull
of a patient consistent with the present invention;

[027] Fig. 9 illustrates a cross-sectional view of the sensor consistent
with the present invention;

[028] Fig. 10 illustrates multiple views of a ribbon cable consistent with
the present invention;

[029] Fig. 11 illustrates multiple views of a large density ribbon cable
connector consistent with the present invention;

[030] Fig. 12 illustrates a schematic block diagram of an implanted
portion of the processing unit consistent with the present invention;,

[031] Fig. 13 illustrates a schematic of an ESD protection circuit
consistent with the present invention;

[032] Fig. 14 illustrates a functional diagram of the Control Logic Unit of
the implanted portion of the processing unit consistent with the present invention;

[033] Fig. 15 illustrates two feed-through designs for connecting a large
number of conductors cable to a hermetically sealed implanted portion of the

processing unit consistent with the present invention;
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[034] Fig. 16 illustrates a feed-through design for connecting a large
number of conductors cable to a hermetically sealed implanted portion of the
processing unit consistent with the present invention;

[035] Fig. 17 illustrates an implanted portion of the processing unit
consistent with the present invention;

[036] Fig. 18 illustrates an electrode array inserter and a method of
insertion of a multiple projection array of electrodes consistent with the present
invention;

[037] Fig. 19 illustrates a tunneling tool and a method of tunneling with
the array attached to the shaft consistent with the present invention; and

[038] Fig. 20 illustrates a schematic of a switching circuit for an

impedance analysis device consistent with the present invention.

DESCRIPTION OF THE EMBODIMENTS

[039] To facilitate an understanding of the invention, a number of terms

are defined immediately herebelow.

Definitions

[040] As used herein, the term “biological interface system” refers to a
neural interface system, brain machine interface, or any other system that
interfaces with living cells that produce electrical activity or cells that produce
other types of detectable signals.

[041] As used herein, the term “cellular signals” refers to subcellular
signals, intracellular signals, extracellular signals, single cell signals and signals
emanating from one or more cells. The term “subcellular signals,” as used

herein, refers to: a signal derived from a part of a cell; a signal derived from one
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particular physical location along or within a cell; a signal from a cell extension,
such as a dendrite, dendrite branch, dendrite tree, axon, axon tree, axon branch,
pseudopod or growth cone; or signals from organelles, such as golgi apparatus
or endoplasmic reticulum. The term “intracellular signals,” as used herein, refers
to a signal that is generated within a cell or by the entire cell that is confined to
the inside of the cell up to and including the membrane. The term “extracellular
signals,” as used herein, refers to signals generated by one or more cells that
occur outside of the celi(s). “Cellular signals” generally include, but are not
limited to, signals or combinations of signals that emanate from any living cell.
Specific examples of “cellular signals” include but are not limited to: neural
signals; cardiac signals including cardiac action potentials; electromyogram
(EMG) signals; glial cell signals; stomach cell signals; kidney cell signals; liver
cell signals; pancreas cell signals; osteocyte cell signals; sensory organ cell
signals such as signals emanating from the eye or inner ear; and tooth cell
signals. The term “neural signals,” as used herein, refers to: neuron action
potentials or spikes; local field potential (LFP) signals; electroencephalogram
(EEG) signals; electrocorticogram signals (ECoG); and signals that are between
single neuron spikes and EEG signals.

[042] As used herein, the term “multicellular signals” refers to signals
emanating from two or more cells, or multiple signals emanating from a single
cell.

[043] As used herein, the term “patient” refers to any animal, such as a
mammal and preferably a human. Specific examples of “patients” include but

are not limited to: individuals requiring medical assistance; healthy individuals;
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individuals with limited function; and in particular, individuals with lost function
due to traumatic injury or neurological disease.

[044] As used herein, the term “configuration” refers to any alteration,
improvement, repair, calibration or other system modifying event whether
manual in nature or partially or fully automated.

[045] As used herein, the term “discrete component” refers to a
component of a system such as those defined by a housing or other enclosed or
partially enclosed structure, or those defined as being detached or detachable
from another discrete component. Each discrete component can transmit
information to a separate component through the use of a physical cable,
including one or more of electrically conductive wires or optical fibers, or
transmission of information can be accomplished wirelessly. Wireless
communication can be accomplished with a transceiver that may transmit and
receive data such as through the use of “Bluetooth” technology or according to
any other type of wireless communication means, method, protocol, or standard,
including, for example, code division multiple access (CDMA), wireless
application protocol (WAP), Infrared or other optical telemetry, radio frequency or
other electromagnetic telemetry, ultrasonic telemetry, or other telemetric

technologies.

General Description of the Embodiments

[046] Systems, system components and methods consistent with the
invention detect cellular signals generated within a patient’s body and implement
various signal processing techniques to generate processed signals for
transmission to one or more devices to be controlled. The system includes a

sensor comprising a plurality of electrodes that detect multicellular signals from
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one or more living cells, such as from the central or peripheral nervous system of
a patient. The system further includes a processing unit that receives and
processes the multicellular signals and transmits a processed signal to a
controlled device. The processing unit utilizes various electronic, mathematic,
neural net, and/or other signal processing techniques in producing the processed
signal. Examples of controlled devices include but are not limited to prosthetic
limbs, ambulation vehicles, communication devices, robots, computers, or other

controllable devices.

Detailed Description of the Embodiments

[047] Reference may now be made in detail to the exemplary
embodiments consistent with the present invention, examples of which are
illustrated in the accompanying drawings. Wherever possible, the same
reference numbers may be used throughout the drawings to refer to the same or
like parts.

[048] Referring now to Fig. 1, a schematic representation of a biological
interface system 100 may comprise implanted components and components
external to the body of patient, the boundary defined schematically by a
horizontal line labeled “SKIN". The system 100 comprises sensor 200 that
includes a plurality of electrodes, not shown, for detecting multicellular signals.
Sensor 200 may take various geometric forms and include numerous materials
of construction, described in detail in reference to subsequent figures of this
application. All exposed surfaces, such as surfaces that come in contact with
tissue or bodily fluids, comprise a biocompatible material. In an exemplary
embodiment, sensor 200 includes a ten by ten (10x10) matrix of electrodes. The

electrodes are positioned at the tip of individual projections. By way of example
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only, these projections are spaced at approximately 400 um with a height of 1.0
to 1.5 mm, and the electrodes have an impedance between 100 kOhm and 1
MOhm. In an exemplary embodiment, one or more projections is tapered along
its length. Sensor 200 may be placed at various locations internal and/or
external to a patient, and may comprise multiple discrete components.

[049] The system 100 also comprises a processing unit that receives
the multicellular signals from sensor 200, which utilizes one or more signal
processing techniques to produce processed signals. Depicted in Fig. 1 is
processing unit first portion 130a and processing unit second portion 130b that
are each a component of the processing unit. Additional components may also
be part of the processing unit. All of the components collectively perform the
receiving of the multicellular signals and the production of the processed signals.
Discrete components of the processing unit can be implanted within the patient,
be external to the patient, or protrude through the skin of the patient.

[050] As depicted in Fig. 1, processing unit first portion 130a is
implanted under the skin of the patient, such as on top of the skull of the patient
under the scalp. In an exemplary embodiment, sensor 200, also implanted, is
placed within the skull such that one or more electrodes are placed within a
cortical layer of the brain. Wire bundle 220, a single or multi-conductor cable, is
attached to sensor 200 and processing unit first portion 130a. In an exemplary
embodiment, wire bundle 220 is resiliently flexible, along at least a portion of its
length. In an alternative embodiment, wire bundle 220 is plastically deformable
along at least a portion of its length. In another exemplary embodiment, wire
bundle 220 includes resiliently flexible portions and plastically deformable

portions along its length. Wire bundle 220 attaches to one or more electrodes of
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sensor 200 and may include other filamentous conductors or filamentous
conduits such as a conductor that provides a reference signal at a location in
proximity to the electrodes of sensor 200. In an exemplary embodiment, multiple
individual electrodes of sensor 200 are attached each to individual conductors of
wire bundle 220, and wire bundle 220 includes at least two conductors that do
not attach to electrodes that are placed to provide relevant reference signals for
one or more signal processing functions. In an exemplary embodiment, the
conductive wires of wire bundle 220 have a diameter of approximately 25 ym
and comprise a blend of gold and palladium. Wire bundle 220 conductors are
attached at their other ends to processing unit fist portion 130a, and the
conductors and housing of processing unit first portion 130a are sealed such that
the signals, conductive surfaces, and other internal components of wire bundle
220 and processing unit first portion 130a are appropriately protected from
contamination by body fluids and other contaminants.

[051]  Processing unit first portion 130a includes amplifier 131 for
amplifying the cellular signals, which is preferably an amplifier with a gain of at
least eighty and preferably one hundred, a working frequency range of 0.001Hz
to 7.2 kHz, a power requirement of approximately 1.6V and a power dissipation
of approximately 30mW. Processing unit first portion 130a further includes
additional signal processing element 132a. Various signal processing
techniques can be utilized including but not limited to: filtering, sorting,
conditioning, translating, interpreting, encoding, decoding, combining, extracting,
sampling, multiplexing, analog-to-digital converting, digital to analog converting,
mathematically transforming and/or otherwise processing multicellular signals to

generate a control signal for transmission to a controlled device. In an
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exemplary embodiment, signal processing element 132a includes a multiplexor
function, such as a thirty-two to one multiplexor with a 1 MHz switching
frequency. In another exemplary embodiment, signal processing element 132a
includes an analog-to-digital converter with twelve-bit resolution that can process
1 megasample per second for thirty-two channels.

[052] Itis desirable that all implanted components avoid the need to
protrude through the skin of the patient, such as for cosmetics and reduced
infection risk. In order for processing unit first portion 130a to transmit one or
more signals to an external component, processing unit first portion 130a may
provide two means of wireless information transfer. RF Transmitter 137 provides
long range communication for transmission of processed signals and other
signals to an external device such as a controlled device. In addition, IR
transmitter 133 is incorporated into the implant. IR transmitter 133 includes
preferably one or more infrared (IR) light emitting diodes (LEDs). Such IR
transmissions may penetrate through a finite amount of tissue, such as the
scalp, at high data rates up to 50 megabits per second and above. In an
exemplary embodiment, IR transmitter 133 transmits data at 40 megabit per
second utilizing direct modulation. IR transmitter 133 receives information from
signal processing element 132a, and transmits the information to processing unit
second portion 1430b by way of its integrated receiver, such as, for example, IR
receiver 181. Both IR transmitter 133 and IR receiver 181 can include lenses,
filters, and other optical components to focus, collect, capture or otherwise
improve the IR transmission and receiving performance. In an exemplary
embodiment, RF transmitter 137 is used to send time-coded cellular or

multicellular activity, such as time-coded neural firing from multiple neurons such
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as thirty to one hundred neurons. RF transmitter 137 can also be used to send
processed signals directly to the controlled device. In another exemplary
embodiment, IR transmitter 133 is used to send analog cellular information, such
as analog information from thirty to one hundred neurons. Large data rate
communications’using IR transmitter 133 are appropriate for calibration and
other system configuration procedures, system diagnostic procedures, and for
transmission of processed signals of the present invention requiring a high data
rate. In another exemplary embodiment, IR transmitter 133 is used to control
one type of controlled device, such as a controlled device requiring high baud
rate transmission through the skin, and RF transmitter 137 is used to control
another type of controlled device, such as a controlled device requiring a lower
baud rate transmission through the skin, or to communicate via a cellular
telephone network. Wireless control of controlled devices at a distance of ten to
twenty feet or more from the patient can be accomplished with RF transmitter
137. In another exemplary embodiment, processing unit first portion 130a
further includes an integral battery, power supply 136, such as a rechargeable
battery, that can be used to supply power to RF transmitter 137 and signal
processing circuitry 132a. In another exemplary embodiment, RF transmitter
137 is a transceiver. In another exemplary embodiment, IR transmitter 133 is a
transceiver.

[053] Processing unit second portion 130b, a component external to the
body of the patient, is affixed or otherwise placed at a location in close proximity
to the location of processing unit first portion 130a’s transmitter, IR transmitter
133. In an exemplary embodiment, processing unit first portion 130a is placed in

a recess made in the skull, during a surgical procedure, at a location near to and
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above the ear of the patient. Processing unit second portion 130b is placed on
the head just above the ear such that IR receiver 181 is at a location near
aligned with IR transmitter 133, such as a line of site distance of approximately
4mm. Information transfer takes place such as that using various error detection
schemes, handshaking functions and other communication and error checking
protocols such as ANSI X3.230 protocol and other protocols well known to those
of skill of the'art and applicable to digital, analog and combined digital/analog
critical use communications.

[054] Processing unit first portion 130a may include one or more
additional elements, not shown, but included within, on the surface of, or
attached to processing unit first portion 130a. Such elements may include but
are not limited to: a temperature sensor, a pressure sensor, a strain gauge, an
accelerometer, a volume sensor, an electrode, an array of electrodes, an audio
transducer, a mechanical vibrator, a drug delivery device, a magnetic field
generator, a photo detector element, a camera or other visualization apparatus,
a wireless communication element, a light producing element, an electrical
stimulator, a physiologic sensor, a heating element and a cooling element.
Depicted in Fig. 1, processing unit first portion 130a includes a coil, implanted
coil assembly 134, the assembly being configured to receive and convert
electromagnetic signals from a device external to the body of the patient,
preferably processing unit second portion 130b. Processing unit second portion
130b, also includes a coil assembly 182, which is oriented within a housing of
processing unit second portion 130b such that when IR Receiver 181 is near

aligned with IR Transmitter 133, coil assembly 182 can be near aligned with
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implanted coil assembly 134. The coil in implanted coil assembly 134 is
preferably approximately 1 inch in diameter.

[055] Through inductive coupling, power can ‘be transferred from
processing unit second portion 130b to processing unit first portion 130a by
supplying a driving signal to coil assembly 182, a wireless power receiving
element, that generates an electromagnetic field that, through inductive coupling,
generates power in implanted coil assembly 134. This captured energy is
converted to usable power by circuitry incorporated into implanted coil assembly
134 and can be used to power one or more elements of processing unit first
portion 130a and/or recharge an integrated power supply, not shown. In the
preferred embodiment shown in Fig. 1, if power supply 136 is depleted or
otherwise cannot supply power, power can be supplied to processing unit first
portion 130a via coil assembly 182 to allow full function of the system. In
another exemplary embodiment, information can be transferred from processing
unit second portion 130b to processing unit first portion 130a by modulating the
waveform with circuitry included in coil assembly 182 or another component of
processing unit second portion 130b. The transmission is received and decoded
by the coil and circuitry of implanted coil assembly 134. This modulation pattern
can easily be encoded and decoded to provide means of sending information to
the implant, such as in a configuration procedure, embedding of a unique
identifier, or other procedure.

[056] Processing unit second portion 130b also includes signal
processing element 132b. Signal processing can include one or more of the
processes listed above in reference to signal processing element 132a and

preferable includes at least a decoding function or a multiplexing function. The
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signal processing element 132b, in combination with signal processing element
132a of processing unit first portion 130a, may complete the processing unit
function of the system of the present invention such that the two signal
processing elements 132a, 132b in combination produce the processed signals
that may be used to control a first controlled device 300a and a second
controlled device 300b. Processing unit second portion 130b may include
wireless communication means, not shown, or wired communication means to
transmit the processed signals to the controlled devices of the system. The
various embodiments and elements utilizing wireless communication means can
utilize radiofrequency (RF), infrared, ultrasound, microwave, magnetic,
electromagnetic, other data transmission technologies that do not require a
physical conductor or combinations thereof. The various embodiments and
elements utilizing wired communication means can comprise electrical
conductors, optical fibers, sound wave guiding conduits, other physical cables
and conductors or combinations of the preceding. Alternatively or additionally,
RF transmitter 137 of processing unit first portion 130a may send processed
signals via RF communications to a third controlled device 300c. Alternatively or
additionally, IR transmitter 133 of processing unit first portion 130a may send
processed signals via infraréd communications to a controlled device, not
shown.

[057] System 100 can have one or more operators including but not
limited to: the patient; a technician; a clinician; a caregiver and a f;amily member
of the patient. In an exemplary embodiment, processed signals can be sent to
multiple controlled devices, such as multiple external devices with wireless

transceivers, such that processed signals control multiple controlled devices
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simultaneously. When multiple controlled devices are controlled simultaneously,
the processed signals sent to each controlled device may be identical or
different.

[058] Referring again to Fig. 1, processing unit second portion 130b
connects to first controlled device 300a with cable 301a, and processing unit
second portion 130b connects to second controlled device 300b with cable 301b.
Both cable 301a and cable 301b receive processed signals as determined by
conductor selection circuitry 186. Conductor selection circuitry 186 may include
solid state relays, transistor switches, or other signal switching or controlling
circuitry well known to those of skill in the art. Based on the information received
from selector module 400, processed signals are sent to first controlled device
300a and/or second controlled device 300b as the appropriate connections are
made in conductor selection circuitry 186.

[059] A method of controlling one or more specific controlled devices
can be accomplished by a unique identifier contained in the processed signals
transmitted to the controlled devices wherein the controlled devices includes
means of identifying and/or differentiating the appropriate identifier. This
identification confirming means may be a part of each controlled device, or a
separate discrete component in communication with one or more controlled
devices. When a controlled device receives the proper unique identifier, control
may commence. The transmission of the identifier can be at the outset of
control, or may be required on a continuous basis, such as by being included
with individual packets of transmitted information. A limited transmission or one-
time sending of the identifier can be accompanied by an initiation command to

start control. Similar approaches can be performed to cease control of one or
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more controlled devices. In continuous identifier transmission, cessation of
control is accomplished by discontinuation of transmission of the identifier with
the individual packets. In limited or one-time transmission of the identifier, the
identifier can be resent and accompanied by a cessation command.

[060] The unique controlled device identifier approach is a preferred
method when processed signals are transmitted to controlled devices with
wireless communication means, such that when two or more controlled devices
may both be in proximity to receive the processed signals but only the
appropriate one or more controlled devices may be controlled by the processed
signals. An alternative method of controlling one or more specific controlled
devices involves directing the processed signals to one or more specific
conductors connected to one or more specific controlled devices.

[061] Referring now to Fig. 2, a brain implant apparatus consistent with
an embodiment of the present invention is illustrated. As shown in Fig. 2, the
system includes a sensor, electrode array 210 that has been inserted into a brain
250 of patient 500, through an opening surgically created in skull 260. Array 210
includes a plurality of electrodes 212 for detecting electrical brain signals or
impulses. Array 210 may be placed in any location of a patient’s brain allowing
for electrodes 212 to detect these brain signals or impulses. In an exemplary
embodiment, electrodes 212 can be inserted into a part of brain 250 éuch as the
cerebral cortex. Other locations for array 210, such as those outside of the
cranium, can record cellular signals as well. Non-penetrating electrode
configurations, such as subdural grids, cuff electrodes, and scalp electrodes are
applicable both inside the cranium such as to record local field potentials (LFPs),

in, on, or near peripheral nerves, and on the surface of the scalp such as to

22



WO 2006/041738 PCT/US2005/035334

record electroencephalogram signals (EEGs). Though Fig. 2 depicts the sensor
as a single discrete component, in alternative embodiments the sensor may
comprise multiple discrete components. Multiple sensor components can be
implanted entirely in the brain or at an extracranial location, or the multiple
discrete sensor components can be placed in any combination of locations.

[062] Electrode array 210 serves as the sensor for the biological
interface system of the present invention. While Fig. 2 shows electrode array
210 as eight electrodes 212, array 210 may include one or more electrodes
having a variety of sizes, lengths, shapes, forms, and arrangements. For
example, the electrode array 210 may be a ten by ten array of electrodes.
Moreover, array 210 may be a linear array (e.g., a row of electrodes) or a two-
dimensional array (e.g., a matrix of rows and columns of electrodes), or wire or
wire bundle electrodes. An individual wire lead may include a plurality of
electrodes. Electrodes may have the same materials of construction and
geometry, or there may be varied materials and/or geometries used in one or
more electrodes. Each electrode 212 of Fig. 2 extends into brain 250 to detect
one or more cellular signals such as those generated from the neurons located
in proximity to the each electrode 212's placement within the brain. Neurons
may generate such signals when, for example, the brain instructs a particular
limb to move in a particular way. In an exemplary embodiment, the electrodes
reside within the arm or leg portion of the motor cortex of the brain.

[063] In the embodiment shown in Fig. 2, array 210 includes sensor
substrate 210 that includes multiple projections 211 emanating from a base. The
base can have a rigid construction, a flexible construction, or have combinations

of rigid and flexible portions. At the end of each projection 211 is an electrode,
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electrode 212. Multiple electrodes, not shown, may be included along the length
of one or more of the projections 211. Projections 211 may be rigid, semi-
flexible or flexible, the flexibility such that each projection 211 can still penetrate
into neural tissue, potentially with an assisting device or with projections that
temporarily exist in a rigid condition. One or more projections 211 may be void
of any electrode, such projections potential including anchoring device such as
bulbous tips or barbs, not shown. Array 210 may be passed through a hole cut
into skull 260, during a procedure known as a craniotomy, and inserted into brain
250, such that the projections pierce into brain 250 and sensor substrate 210
remains in close proximity to or in light contact with the surface of brain 250.

The processing unit of the present invention includes processing unit first portion
130a, placed in a surgically created recess in skull 260 at a location near patient
500's ear 280. Processing unit first portion 130a receives cellular signals from
array 210 via/wire bundle 220 (e.g., a multi-conductor cable). Processed signals
are produced by processing unit first portion 130a and other processing unit
components, such as processing unit second portion 130b located on the
external skin surface of patient 500 near ear 280. The multicellular signals
received from array 210 include a time code of brain activity. Processing unit
first portion 130a and processing unit second portion 130b have similar elements
and functionality to the identically referenced items of Fig. 1.

[064] In the preferred embodiment depicted in Fig. 2, bone flap 261, the
original bone portion removed in the craniotomy, may be used to close the hole
made in the skull 260 during the craniotomy, obviating the need for a prosthetic
closure implant. Bone flap 261 is attached to skull 260 with one or more straps,

bands 263, that are preferably titanium or stainless steel. Band 263 is secured

24



WO 2006/041738 PCT/US2005/035334

to bone flap 261 and skull 260 with screw 262 (e.g., bone screws). Wire bundle
220 passes between bone flap 260 and the hole cut into skull 260. During the
surgical procedure, a recess may be made in skull 260 such that processing unit
first portion 130a could be placed in the recess, allowing scalp 270 to be
relatively flat in the area proximal to processing unit first portion 130a. A long
incision in the scalp between the craniotomy site and the recess can be made to
place processing unit first portion 130a in the recess. Alternatively, an incision
can be made to perform the craniotomy, and a separate incision can be made to
form the recess. The processing unit first portion 130a and wire bundle 220 can
be tunneled under the scalp to the desired location. Processing unit first portion
130a is attached to skull 260 with one or more bone screws or a biocompatible
adhesive, not shown.

[065] In an alternative embodiment, processing unit first portion 130a
may be placed entirely within skull 260 or be shaped and placed to fill the
craniotomy hole instead of bone flap 261. Processing unit first portion 130a can
be placed in close proximity to array 210, or a distance of 5-20 cm can separate
the two components. Processing unit second portion 130b, placed at a location
proximate to implanted processing unit first portion 130a but external to patient
500, receives information from processing unit first portion 130a via wireless
communication through the skin. Processing unit second portion 130b can
include means of securing to patient 500 including but not limited to: an ear
attachment mechanism; a holding strap; adhesives; magnets, or other suitable
means. Proces‘sing unit second portion 130b, includes, in addition to wireless
information receiving means, power transfer means, signal processing circuitry,

an embedded power supply such as a battery, and information transfer means.
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The information transfer means of processing unit second portion 130b may
include means to transfer information to one or more of: implanted processing
unit first portion 130a; a different implanted device; and an external device such
as an additional component of the processing unit, a controlled device, or a
computer device such as a computer with Internet access.

[066] Referring back to Fig. 2, electrodes 212 transfer the detected
cellular signals to processing unit first portion 130a via array wires 221 and wire
bundle 220. Wire bundle 220 includes multiple conductive elements (e.g., array
wires 221) that may include a conductor for each electrode of array 210. Also
included in wire bundle 220 are two conductors, first reference wire 222 and
second reference wire 223 each of which is placed in an area in relative
proximity to array 210. First reference wire 222 and second reference wire 223,
may be redundant, and provide reference signals used by one or more signal
processing elements of the processing unit to process the cellular information
detected by one or more electrodes.

[067] Each projection 211 of electrode array 210 may include a single
electrode, such as an electrode at the tip of the projection 211, or multiple
electrodes along the length of each projection. Each electrode 212 may be used
to detect the firing of one or more neurons, as well as other cellular signals such
as those from clusters of neurons. Additional electrodes, not shown, such as
those integrated into subdural grids, scalp electrodes, cuff electrodes, scalp
electrodes, and other electrodes, can also detect cellular signals emanating from
the central or peripheral nervous system, or other part of the body generating
cellular signals, such that the processing unit uses these signals to produce the

processed signals to send to the controlled device, not shown. Examples of
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detected signals include but are not limited to: neuron spikes, electrocorticogram
signals, local field potential signals, electroencephalogram signals, and other
signals between single neuron spikes and electroencephalogram signals. The
processing unit may assign one or more specific cellular signals to a specific
use, such as a specific use correlated to a patient imagined event. In an
exemplary embodiment, the one or more cellular signals assigned to a specific
use are under voluntary control of the patient. In an alternative embodiment,
cellular signals are transmitted to processing unit 130 via wireless technologies,
such as infrared communication, such transmissions penetrating the skull of the
patient, and obviating the need for wire bundle 220, array wires 221, and any
physical conduit passing through skull 260 after the surgical implantation
procedure is completed.

[068] Referring back to Fig. 2, processing unit first portion 130a and
processing unit second portion 130b may independently or in combination
preprocess the received cellular signals (e.g., impedance matching, noise
filtering, or amplifying), digitize them, and further process the cellular signals to
extract neural information that processing unit second portion 130b may then
transmit to an external device (not shown), such as a further processing device
and/or any device to be controlled by the processed multicellular signals. For
example, the external device may decode the received neural information into
control signals for controlling a prosthetic limb or limb assist device, for
controlling a computer cursor, or the external device may analyze the neural
information for a variety of other purposes.

[069] Processing unit first portion 130a and processing unit second

portion 130b may independently or in combination also conduct adaptive
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processing of the received cellular signals by changing one or more parameters
of the system to achieve acceptable or improved performance. Examples of
adaptive processing include, but are not limited to, changing a parameter during
a system configuration, changing a method of encoding neural information,
changing the type, subset, or amount of neural information that is processed, or
changing a method of decoding neural information. Changing an encoding
method may include changing neuron spike sorting methodology, calculations,
thresholds, or pattern recognition. Changing a decoding methodology may
include changing variables, coefficients, algorithms, and/or filter selections.
Other examples of adaptive processing may include changing over time the type
or combination of types of signals processed, such as EEG, LFP, neural spikes,
or other signal types.

[070] Processing unit first portion 130a and processing unit second
portion 130b may independently or in combination also transmit signals to one
or more electrodes 212 such as to stimulate the neighboring nerves or other
cells. Stimulating electrodes in various locations can be used by processing unit
130 to transmit signals to the central nervous system, peripheral nervous
system, other body systems, body organs, muscles, and other tissue or cells.
The transmission of these' signals is used to perform one or more functions
including but not limited to: pain therapy, muscle stimulation, seizure disruption,
and patient feedback.

[071]  Processing unit first portion 130a and processing unit second
portion 130b independently or in combination include signal processing circuitry
to perform one or more functions including but not limited to: amplification,

filtering, sorting, conditioning, translating, interpreting, encoding, decoding,

28



WO 2006/041738 PCT/US2005/035334

combining, extracting, sampling, multiplexing, analog-to-digital converting, digital
to analog converting, mathematically transforming, and/or otherwise processing
cellular signals to generate a control signal for transmission to a controlled
device. Processing unit first portion 130a transmits raw or processed cellular
information to processing unit second portion 130b through integrated wireless
communication means, such as radiofrequency communications, infrared
communications, inductive communications, ultrasound communications, and
microwave communications. This wireless transfer allows the array 210 and
processing unit first portion 130a to be completely implanted under the skin of
the patient, avoiding the need for implanted devices that require protrusion of a
portion of the device through the skin surface. Processing unit first portion 130a
may further include a coil, not shown, which can receive power, such as through
inductive coupling, on a continual or intermittent basis from an external power
transmitting device as has been described in detail in reference to Fig. 1. In
addition to or in place of power transmission, this integrated coil and its
associated circuitry may receive information from an external coil whose signal is
modulated in correlation to a specific information signal. The power and
information can be delivered to processing unit first portion 130a simultaneously
such as through simple modulation schemes in the power transfer that are
decoded into information for processing unit first portion 130 to use, store, or
-facilitate another function. A second information transfer means, in addition to a
wireless means such as an infrared led, can be accomplished by modulating a
signal in the coil of processing unit first portion 130a such that information is
transmitted from the implant to an external device including a coil and decoding

elements.
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[072] In an alternative embodiment, not shown, processing unit first
portion 130a, and potentially additional signal processing functions, are
integrated into array 210, such as through the use of a bonded electronic
microchip. In another alternative embodiment, processing unit first portion 130a
may also receive non-neural cellular signals and/or other biologic signals, such
as from an implanted sensor. These signals may be in addition to received
neural multicellular signals, and they may include but are not limited to: EKG
signals, respiration signals, blood pressure signals, electromyographic activity
signals, and glucose level signals. Such biological signals may be used to turn
the biological interface system, or one of its discrete components, on or off, to
begin a configuration routine, or to start or stop another system function. In
another alternative embodiment, processing unit first portion 130a and
processing unit second portion 130b independently or in combination produce
one or more additional processed signals, to additionally control the controlled
device of the present invention or to control one or more additional controlled
devices.

[073] [n an alternative embodiment, a discrete component is implanted
within the cranium of the patient. For example, array 210 of Fig. 2, a processing
unit, or a portion of a processing unit may be implanted in the torso of the
patient, and one or more discrete components are external to the body of the
patient. The processing unit may receive multicellular signals from the sensor
via wired, including conductive wires and optic fibers, or wireless communication.

[074] Each sensor discrete component of the present invention can
have as few as a single electrode, with the sensor including multiple sensor

discrete components that collectively contain a plurality of electrodes. Each
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electrode is capable of recording a plurality of neurons, or other electrical
activity. In an alternative embodiment, one or more electrodes are included in
the sensor to deliver electrical signéls or other energy to the tissue neighboring
the electrode, such as to stimulate, polarize, hyperpolarize, or otherwise cause
an effect on one or more cells of neighboring tissue. Specific electrodes may
record cellular signals only, or deliver energy only, and specific electrodes may
provide both functions.

[075] Referring now to Fig. 3, a biological interface system 100’ may
comprise implanted components, not shown, and components external to the
body of a patient 500. A sensor for detecting multicellular signals, such as a two
dimensional array of multiple protruding electrodes, has been implanted in the
brain of patient 500, in an area such as the motor cortex. In an exemplary
embodiment, the sensor is placed in an area to record multicellular signals that
are under voluntary control of the patient. In alternative or addition to the two
dimensional array, the sensor may include one or more wires or wire bundles
which include a plurality of electrodes. Patient 500 of Fig. 3 is shown as a
human being, but other mammals and life forms that produce recordable
multicellular signals would also be applicable. Patient 500 may be a patient with
a spinal cord injury or afflicted with a neurological disease that has resulted in a
loss of voluntary control of various muscles within the patient’s body.
Alternatively or additionally, patient 500 may have lost a limb, and system 100’
may include a prosthetic limb as its controlled device.

[076] The sensor electrodes of system 100’ can be used to detect
various multicellular signals including neuron spikes, electrocorticogram signals

(ECoQG), local field potential (LFP) signals, electroencelphalogram (EEG) signals,
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and other cellular and multicellular signals. The electrodes can detect
multicellular signals from clusters of neurons and provide signals midway
between single neuron and electroencephalogram recordings. Each electrode is
capable of recording a combination of signals, including a plurality of neuron
spikes. The sensor can be placed on the surface of the brain without
penetrating, such as to detect local field potential (LFP) signals, or on the scalp
to detect electroencephalogram (EEG) signals.

[077] A portion of the processing unit, such as processing unit second
portion 130b, receives signals from an implanted processing unit component,
such as has been described in reference to Fig. 1 and Fig. 2. Processing unit
second portion 130b is located just above the ear of patient 500, such that the
data transmitting implanted component is located under the scalp in close
proximity to the location of processing unit second portion 130b as depicted in
Fig. 3. Signals are transmitted from the implanted processing unit component to
processing unit second portion 130b using wireless transmission means. The
processing unit components of system 100’ perform various signal processing
functions including but not limited to: amplification, filtering, sorting, conditioning,
translating, interpreting, encoding, decoding, combining, extracting, sampling,
multiplexing, analog;to—digital converting, digital to analog converting,
mathematically transforming, and/or otherwise processing cellular signals to
generate a control signal for transmission to a controllable device. The
processing unit may process signals that are mathematically combined, such as
the combining of heuron spikes that are first separated using spike discrimination
methods. In an exemplary embodiment, the processing unit is for using a

cellular signal from a neuron whose signal is separated from other nearby
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neurons. In alternative embodiments, the processing unit may comprise
multiple components or a single component. Each of the processing unit
components can be fully implanted in patient 500, be external to the body, or be
implanted with a portion of the component exiting through the skin.

[078] In Fig. 3, one controlled device is a computer (e.g., CPU 305) that
is attached to monitor 302. Through the use of system 100’, patient 500 can
control cursor 303 of CPU 305 and potentially other functions of the computer
such as turning it on and off, keyboard entry, joystick control, or control of
another input device, each function individually or in combination. System 100’
includes another controlled device, wheelchair 310. Numerous other controlled
devices can be included in the systems of this application, individually or in
combination, including but not limited to: a computer; a computer display; a
mouse; a cursor; a joystick; a personal data assistant; a robot or robotic
component; a computer controlled device; a teleoperated device; a
communication device or system; a vehicle such as a wheelchair; an adjustable
bed; an adjustable chair; a remote controlled device; a Functional Electrical
Stimulator device or system; a muscle stimulator; an exoskeletal robot brace: an
artificial or prosthetic limb; a vision enhancing device; a vision restoring device; a
hearing enhancing device; a hearing restoring device; a movement assist device:
medical therapeutic equipment such as a drug delivery apparatus; medical
diagnostic equipment such as epilepsy monitoring apparatus; other medical
equipment such as a bladder control device, a bowel control device, and a
human enhancement device; closed loop medical equipment; and other

controllable devices applicable to patients with some form of paralysis or
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diminished function as well as any device that may be utilized under direct brain
or thought control in either a healthy or unhealthy patient.

[079] The sensor is connected via a multi-conductor cable, not shown
but implanted in patient 500, to an implanted portion of the processing unit which
includes some signal processing elements as well as wireless communication
means as has been described in detail in reference to Fig.1 and Fig. 2. The
implanted multi-conductor cable preferably includes a separate conductor for
each electrode, as well as additional conductors to serve other purposes, such
as providing reference signals and ground.

[080] Processing unit second portion 130b includes various signal
processing elements including but not limited to: amplification, filtering, sorting,
conditioning, translating, interpreting, encoding, decoding, combining, extracting,
sampling, multiplexing, analog-to-digital converting, digital to analog converting,
mathematically transforming, and/or otherwise processing cellular signals to
generate a control signal for transmission to a controllable device. Processing
unit second portion 130b includes a unique electronic identifier, such as a unique
serial number or any alphanumeric or other retrievable, identifiable code
associated uniquely with the system 100’ of patient 500. The unique electronic
identifier may take many different forms in processing unit second portion 130b,
such as a piece of electronic information stored in a memory module; a
semiconductor element or chip that can be read electronically via serial, parallel,
or telemetric communication; pins or other conductive parts that can be shorted
or otherwise connected to each other or to a controlled impedance, voltage, or
ground to create a unique code; pins or other parts that can be masked to create

a binary or serial code; combinations of different impedances used to create a
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serial code that can be read or measured from contacts, features that can be
optically scanned and read by patterns and/or colors; mechanical patterns that
can be read by mechanical or electrical detection means or by mechanical fit, a
radio frequency identifier or other frequency spectral codes sensed by
radiofrequency or electromagnetic fields, pads and/or other marking features that
may be masked to be included or excluded to represent a serial code, or any
other digital or analog code that can be retrieved from the discrete component.

[081] Alternatively or in addition to embedding the unique electronic
identifier in processing unit second portion 130b, the unique electronic identifier
can be embedded in one or more implanted discrete components. Under certain
circumstances, processing unit second portion 130b or another external or
implanted component may need to be replaced, temporarily or permanently.
Under these circumstances, a system compatibility check between the new
component and the remaining system components can be confirmed at the time
of the repair or replacement surgery through the use of the embedded unique
electronic identifier.

[082] The unique electronic identifier can be embedded in one or more
of the discrete components at the time of manufacture, or at a later date such as
at the time of any clinical procedure involving the system, such as a surgery to
implant the sensor electrodes into the brain of patient 500. Alternatively, the
unique electronic identifier may be embedded in one or more of the discrete
components at an even later date such as during a system configuration such as
a calibration procedure.

[083] Referring again to Fig. 3, processing unit second portion 130b

communicates with one or more discrete components of system 100’ via
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wireless communication means. Processing unit second portion 130b
communicates with selector module 400, a component utilized to select the
specific device to be controlled by the processed signals of system 100’.
Selector module 400 includes input element 402 (e.g., a set of buttons) used to
perform the selection process.  Processing unit second portion 130b also
communicates with controlled device CPU 305, such as to control cursor 303 or
another function of CPU 305. Processing unit second portion 130b also
communicates with processing unit third portion 130c. Processing unit third
portion 130c provides additional signal processing functions, as have been
described above, to control wheelchair 310. System 100’ of Fig. 3 utilizes
selector module 400 to select one or more of CPU 305, wheelchair 310 or
another controlled device, not shown, to be controlled by the processed signals
produced by the processing unit of the present invention. System 100’ also
includes a modality wherein one set of processed signals emanate from one
portion of the processing unit (e.g., processing unit second portion 130b), and a
different set of processed signals emanate from a different portion of the
processing unit (e.g., processing unit third portion 130c).

[084] The various components of system 100’ communicate with
wireless transmission means. However, it should be appreciated that physical
cables can be used to transfer information alternatively or in addition to wireless
means. These physical cables may include electrical wires, optical fibers, sound
wave guide conduits, other physical means of transmitting data and/or power,
and any combination of those means.

[085] An operator 110, such as a qualified individual, may perform a

configuration of system 100’ at some time during the use of system 100,
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preferably soon after implantation of the sensor. In an exemplary embodiment,
at least one configuration routine is performed and successfully completed by
operator 110 prior to use of system 100’ by patient 500. As depicted in Fig. 3,
operator 110 utilizes configuration apparatus 120 which includes two monitors
(e.g., first configuration monitor 122a and second configuration monitor 122b)
configuration keyboard 123, and configuration CPU 125 to perform a calibration
routine or other system configuration process such as patient training, algorithm
and algorithm parameter selection, and output device setup. The software
programs and hardware required to perform the configuration can be included in
the processing unit such as processing unit second portion 130b, selector
module 400, or configuration apparatus 120. Configuration apparatus 120 may
include additional input devices, such as a mouse or joystick, not shown.
Configuration apparatus 120 may include various elements, functions, and data
including but not limited to: memory storage for future recall of configuration
activities; operator qualification routines; standard human data; standard
synthesized or artificial data; neuron spike discrimination software; operator
security and access control; controlled device data; wireless communication
means; remote (such as via the Internet) configuration communication means;
and other elements, functions, and data used to provide an effective and efficient
configuration on a broad base of applicable patients and a broad base of
applicable controlled devices. The unique electronic identifier can be embedded
in one or more of the discrete components at the time of system configuration,
including the act of identifying a code that was embedded into a particular
discrete component at its time of manufacture, and embedding that code in a

different discrete component. In an alternative embodiment, all or part of the
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functionality of configuration apparatus 120 is integrated into selector module
400 such that system 100’ can perform one or more configuration processes
such as a calibration procedure utilizing selector module 400 without the
availability of configuration apparatus 120.

[086] In an exemplary embodiment, an automatic or semi-automatic
configuration function or routine is embedded in system 100’. This embedded
configuration routine can be used in place of a configuration routine performed
manually by Operator 110 as is described hereabove, or can be used in
conjunction with one or more manual configurations. Automatic and/or semi-
automatic configuration events can take many forms including but not limited to:
monitoring of cellular activity, wherein the system automatically changes which
particular signals are chosen to produce the processed signals; running parallel
algorithms in the background of the one or more algorithms currently used to
create the processed signals, and changing one or more algorithms when
improved performance is identified in the background event; monitoring of one or
more system functions, such as alarm or warning condition events or frequency
of events, wherein the automated system shuts down one or more functions
and/or improves performance by changing a relevant variable; and other
methods that monitor one or more pieces of system data, identify an issue or
potential improvement, and determine new parameters that would reduce the
issue or achieve an improvement. In an exemplary embodiment of the disclosed
invention, when specific integrated parameters are identified, by an automated or
semi-automated calibration or other configuration routine, to be modified for the
reasons described above, an integral permission routine of the system requires

approval of a specific operator when one or more of the integrated parameters is
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modified. Lists and matrices of operator names, identifiers, passwords, and
permissions can be included in system memory of one or more discrete
components.

[087] Operator 110 may be a clinician, technician, caregiver, patient
family member, or even the patient themselves in some circumstances. Multiple
operators may be needed or required to perform a configuration or approve a
modification of an integrated parameter, and each operator may be limited by
system 100’, via passwords and other control configurations, to only perform or
access specific functions. For example, only the clinician may be able to change
specific critical parameters, or set upper and lower limits on other parameters,
while a caregiver, or the patient, may not be able to access those portions of the
configuration procedure or the bermission procedure. The configuration
procedure includes the setting of numerous parameters needed by system 100’
to properly control one or more controlled devices. The parameters include but
are not limited to various signal conditioning parameters as well as selection and
de-selection of specific multicellular signals for processing to generate the device
control creating a subset of signals received from the sensor to be processed.
The various signal conditioning parameters include, but are not limited to,
threshold levels for amplitude sorting, other sorting and pattern recognition
parameters, amplification parameters, filter parameters, signal conditioning
parameters, signal translating parameters, signal interpreting parameters, signal
encoding and decoding parameters, signal combining parameters, signal
extracting parameters, mathematical parameters including transformation
coefficients and other signal processing parameters used to generate a control

signal for transmission to a controlled device.
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[088] The configuration routine may result in the setting of various
configuration output parameters, all such parameters to be considered integrated
parameters of the system of the present invention. Configuration output
parameters may include, but be not limited to: electrode selection, cellular signal
selection, neuron spike selection, electrocorticogram signal selection, local field
potential signal selection, electroencephalogram signal selection, sampling rate
by signal, sampling rate by group of signals, amplification by signal, amplification
by group of signals, filter parameters by signal, and filter parameters by group of
signals. In an exemplary embodiment, the configuration output parameters are
stored in memory in one or more discrete components, and the parameters are
linked to the system’s unique electronic identifier.

[089] Calibration and other configuration routines, including manual,
automatic, and semi-automatic routines, may be performed on a periodic basis,
and may include the selection and deselection of specific cellular signals over
time. The initial configuration routine may include setting initial values, or
starting points, for one or more of the configuration output parameters. Setting
initial values of specific parameters, may invoke a permission routine. |
Subsequent configuration routines may involve utilizing previous configuration
output parameters that have been stored in a memory storage element of
system 100’. Subsequent configuration routines may be shorter in duration than
an initial configuration and may require less patient involvement. Subsequent
configuration routine results may be compared to previous configuration results,
and system 100’ may require a repeat of configuration if certain comparative

performance is not achieved.
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[090] The configuration routine may include: (a) setting a preliminary
set of configuration output parameters; (b) generating processed signals to
control the controlled device; (¢) measuring the performance of the controlled
device control; and (d) modifying the configuration output parameters. The
configuration routine may further include the steps of repeating steps (b) through
(d). The configuration routine may also require invoking the permission routine
of the present invention.

[091] In the performance of the configuration routine, the operator 110
may involve patient 500 or perform steps that do not involve the patient. The
operator 110 may have patient 500 imagine one or more particular movements,
imagined states, or other imagined events, such as a memory, an emotion, the
thought of being hot or cold, or other imagined event not necessarily associated
with movement. The patient participation may include the use of one or more
cues such as audio cues, visual cues, olfactory cues, and tactile cues. The
patient 500 may be asked to imagine multiple movements, and the output
parameters selected during each movement may be compared to determine an
optimal set of output parameters. The imagined movements may include the
movement of a part of the body, such as a limb, arm, wrist, finger, shoulder,
neck, leg, angle, and toe, and imagining moving to a location, moving at a
specific velocity or moving at planned acceleration. The patient may imagine the
movement while viewing a video or animation of a person performing the specific
movement pattern. In an exemplary embodiment, this visual feedback is shown
from the patient’s perspective, such as a video taken from the person performing
the motion’s own eye level and directional view. Multiple motion patterns and

multiple corresponding videos may be available to improve or otherwise enhance
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the configuration process. The configuration routine correlates the selected
movement with modulations in the multicellular signals received from the sensor,
such as by correlating the periodicity of the movement with a periodicity found in
one or more cellular signals. Correlations can be based on numerous variables
of the motion including but not limited to position, velocity, and acceleration.
[092] The configuration routine may utilize one or more cqnfiguration
input parameters to determine the configuration output parameters. In addition
to the multicellular signals themselves, system or controlled device performance
criteria can be utilized. Other configuration input parameters include various
properties associated with the multicellular signals including one or more of:
signal to noise ratio, frequency of signal, amplitude of signal, neuron firing rate,
average neuron firing rate, standard deviation in neuron firing rate, modulation of
neuron firing rate as well as a mathematical analysis of any signal property
including but not limited to modulation of any signal property. Additional
configuration input parameters include but are not limited to: system
performance criteria, controlled device electrical time constants, controlled
device mechanical time constants, other controlled device criteria, types of
electrodes, number of electrodes, patient activity during configuration, target
number of signals required, patient disease state, patient condition, patient age
and other patient parameters, and event based (such as a patient imagined
movement event) variations in signal properties including neuron firing rate
activity. In an exemplary embodiment, one or more configuration input
parameters are stored in memory and linked to the embedded, specific, unique
electronic identifier. All configuration input parameters shall be considered an

integrated parameter of the system of the present invention.
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[093] It may be desirous for the configuration routine to exclude one or
more multicellular signals based on a desire to avoid signals that respond to
certain patient active functions, such as non-paralyzed functions, or even certain
imagined states. The configuration routine may include having the patient
imagine a particular movement or state, and based on sufficient signal activity
such as firing rate or modulation of firing rate, exclude that signal from the signal
processing based on that particular undesired imagined movement or imagined
state. Alternatively real movement accomplished by the patient may also be
utilized to exclude certain multicellular signals emanating from specific
electrodes of the sensor. In an exemplary embodiment, an automated or semi-
automated calibration or other configuration routine may include through
addition, or exclude through deletion, a signal based on insufficient activity
during known patient movements.

[094] Patient 500 of Fig. 3 can be a quadriplegic, a paraplegic, an
amputee, a spinal cord injury victim, or a physically impaired person.
Alternatively or in addition, patient 500 may have been diagnosed with one or
more of: obesity, an eating disorder, a neurological disorder, a psychiatric
disorder, a cardiovascular disorder, an endocrine disorder, sexual dysfunction,
incontinence, a hearing disorder, a visual disorder, sleeping disorder, a
movement disorder, a speech disorder, physical injury, migraine headaches, or
chronic pain. System 100’ can be used to treat one or more medical conditions
of patient 500, or to restore, partially restore, replace or partially replace a lost
function of patient 500. Lost functions can include but are not limited to: vision,

hearing, speech, communication, limb motion, limb motion, ambulation,
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reaching, grasping, standing, rolling over, bowel movement, and bladder
evacuation.

[093] Alternatively, system 100’ can be utilized by patient 500 to
enhance performance, such as if patient 500 did not have a disease or condition
from which a therapy or restorative device could provide benefit, but did have an
occupation wherein thought control of a device provided an otherwise
unachieved advancement in healthcare, crisis management, and national
defense. Thought control of a device can be advantageous in numerous healthy
individuals including but not limited to: a surgeon, such as an individual surgeon
using thought control to maneuver three or more robotic arms in a complex
laparoscopic procedure; a crisis control expert, such as a person who in
attempting to minimize death and injury uses thought control to communicate
different pieces of information and/or control multiple pieces of equipment, such
as urban search and rescue equipment, simultaneously during an event such as
an earthquake or other disaster, both natural disasters and those caused by
man; a member of a bomb squad, such as an expert who uses thoughts to
control multiple robots and/or robotic arms to remotely diffuse a bomb; and
military personnel who use thought control to communicate with personnel and
control multiple pieces of defensé equipment, such as artillery, aircraft,
watercraft, land vehicles and reconnaissance robots. It should be noted that the
above advantages of system 100’ to a healthy individual are also advantages
achieved in a patient such as a quadriplegic or paraplegic. In other words, a
quadriplegic could provide significant benefit to society, such as in controlling
multiple bomb diffusing robots, in addition to his or her own ambulation and other

quality of life devices. Patients undergoing implantation and use of the system
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100’ of the present invention may provide numerous occupational and other
functions not available to individuals that do not have the biological interface
system of the present invention.

[096] The systems of the present invention, such as system 100’ of Fig.
3, include a processing unit that processes multicellular signals received from
patient 500. Processing unit second portion 130b and other processing unit
components, singly or in combination, perform one or more functions. The
functions performed by the processing unit include but are not limited to:
producing the processed signals; transferring information to a separate device;
receiving information from a separate device; producing processed signals for a
second controlled device; activating an alarm, alert or warning; shutting down a
part of or the entire system; ceasing control of a controlled device; storing
information and performing a configuration.

[097] In order for the processing unit of system 100’ to perform one or
more functions, one or more integrated parameters are utilized. These
parameters include pieces of information stored in, sent to, or received from, any
component of system 100, including but not limited to: the sensor; a processing
unit component; processing unit second portion 130b; or a controlled device.
Parameters can be received from devices outside of system 100’ as well, such
as configuration apparatus 120, a separate medical therapeutic or diagnostic
device, a separate Internet based device or a separate wireless device. These
parameters can be numeric or alphanumeric information, and can change over
time, either automatically or through an operator involved configuration or other

procedure.

45



WO 2006/041738 PCT/US2005/035334

[098] In order to change an integrated parameter, system 100’ includes
a permission routine, such as an embedded software routine or software driven
interface that allows the operator to view information and enter data into one or
more components of system 100. The data entered must signify an approval of
the parameter modification in order for the modification to take place.
Alternatively, the permission routine may be partially or fully located in a
separate device such as configuration apparatus 120 of Fig. 3, or a remote
computer such as a computer that accesses system 100’ via the Internet or
utilizing wireless technologies. [n order to access the permission routine, and/or
approve the modification of the integrated parameters, a password or security
key, either mechanical, electrical, electromechanical or software based, may be
required of the operator. Multiple operators may be needed or required to
approve a parameter modification. Each specific operator or operator type may
be limited by system 100, via passwords and other control configurations, to
approve the modification of only a portion of the total set of modifiable
parameters of the system. Additionally or alternatively, a specific operator or
operator type may be limited to only approve a modification to a parameter within
a specific range of values, such as a range of values set by a clinician when the
operator is a family member. Operator or operator types, hereinafter operator,
include but are not limited to: a clinician, primary care clinician, surgeon, hospital
technician, system 100’ supplier or manufacturer technician, computer
technician, family member, immediate family member, caregiver and patient.

[099] Referring now to Fig. 4, a biological interface system 100” may
comprise implanted components and components external to the body of patient

500. System 100" includes multiple controlled devices. For example, the
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system 100” may comprise controlled computer 305, first controlled device 300a
and second controlled device 300b. While three controlied devices are depicted,
the system 100" may include any configuration of two or more controlled devices
for a single patient. First controlled device 300a and second controlled device
300b can include various types of devices such as prosthetic limbs or limb assist
devices, robots or robotic devices, communication devices, computers and other
controllable devices as have been described in more detail hereabove. The
multiple controlled devices can include two or more joysticks or simulated
joystick interfaces, two or more computers, a robot and another controlled
device, and many other combinations and multiples of devices as have been
described in detail hereabove. Each controlled device is one or more discrete
components of the present invention, or a portion of a discrete component.
[0100] A sensor 200 for detecting multicellular signals, and preferably a
two dimensional array of multiple protruding electrodes, has been implanted in
the brain of patient 500, in an area such as the motor cortex. In an exemplary
embodiment, the sensor 200 is placed in an area to record multicellular signals
that are under voluntary control of the patient. Alternatively or additionally, the
sensor may include an additional array; one or more wires or wire bundles which
include a plurality of electrodes; subdural grids; cuff electrodes; scalp electrodes;
or other single or multiple electrode configurations. Sensor 200 is attached to
transcutaneous connector 165 via wiring 216 (e.g., a multi-conductor cable) that
preferably, though not necessarily, includes a separate conductor for each
electrode of sensor 200. Transcutaneous connector 165 includes a pedestal
which is attached to the skull of the patient such as with glues and/or bone

screws, preferably in the same surgical procedure in which sensor 200 is
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implanted in the brain of patient 500. Electronic module 170 attaches to
transcutaneous connector 165 via threads, bayonet lock, magnetic coupling,
Velcro, or any other engagement means. Transcutaneous connector 165 and/or
electronic module 170 may include integrated electronics including but not
limited to signal ampilifier circuitry, signal filtration circuitry, signal multiplexing
circuitry, and other signal processing circuitry, such that transcutaneous
connector 165 and/or electronic module 170 provide at least a portion of the
processing unit of the disclosed invention. Transcutaneous connector 165
preferably includes electrostatic discharge protection circuitry. Electronic module
170 includes wireless information transfer circuitry, utilizing one or more of
radiofrequency, infrared, ultrasound, microwave or other wireless communication
means. In an alternative embodiment, transcutaneous connector 165 includes
all the appropriate electronic signal processing, electrostatic discharge protection
circuitry, and other circuitry, and also includes wireless transmission means,
such that the need for electronic module 170 is obviated.

[0101] In an exemplary embodiment, electronic module 170 includes
wireless transmission means and a power supply, not shown, such that as the
power supply is depleted or electronic module 170 has a malfunction, it can be
easily replaced. In another exemplary embodiment, electronic module 170 is a
disposable component of system 100”. Electronic module 170 transmits
information to processing unit transceiver 135 which is integrated into a portion
of system 100”s processing unit, processing unit first portion 130a. In an
exemplary embodiment, processing unit transceiver 135 is a two-way wireless

communication device and electronic module 170 is also a two-way wireless

48



WO 2006/041738 PCT/US2005/035334

communication device such that information can be sent to or from electronic
module 170.

[0102] All of the physical cables of Fig. 4, as well as all the other figures
of tﬁis disclosure, can be in a permanently attached, or in a detachable form. In
addition, all of the physical cables included in system 100" of Fig. 4 as well as
the systems of the other included figures can be eliminated with the inclusion of
wireless transceiver means incorporated into the applicable, communicating
discrete components. Processing unit first portion 130a, a discrete component
as defined in this disclosure, includes various signal processing functions as has
been described in detail in relation to separate figures hereabove. Processing
unit first portion 130a preferably includes a unique system identifier, the makeup
and applicability of the unique identifier also described in detail hereabove.
Processing unit first portion 130a electrically connects to processing unit second
portion 130b via intra-processing unit cable 140. Cable 140 is detachable from
processing unit second portion 130b via female plug 153 which is attached to
processing unit second portion 130b at its input port, male receptacle 152.
Cable 140 may be constructed of electrical wires and/or fiber optic cables. In an
exemplary embodiment, data is transmitted from processing unit first portion
130a to processing unit second portion 130b via a fiber optic cable. Information
and other signals transmitted between processing unit first portion 130a and
processing unit second portion 130b may be in analog format, digital format, or a
combination of both. In addition, wireless transmission of information can be
provided, not shown, to replace intraprocessing unit cable 140 or work in

conjunction with intraprocessing unit cable 140.
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[0103] Processing unit second portion 130b includes further signal
processing means which in combination with the signal processing of processing
unit first portion 130a produces processed signals, such as to control multiple
controlled devices. Processing unit first portion 130a and/or processing unit
second portion 130b include various functions including but not limited to: a
spike sorting function, such as a threshold based neuron spike sorting function;
an amplifier function; a signal filtering function; a neural net software function; a
mathematical signal combination function; a neuron signal separation function
such as a spike discrimination function or a minimum amplitude sorting function;
and a database storage and retrieval function such as a database including a list
of acceptable neural information or a database of unacceptable neural
information each of which can be used to perform a system diagnostic. In
another exemplary embodiment, the processing unit assigns one or more cellular
signals to a specific use, such as a specific use that is correlated to a patient
imagined event.

[0104] The processed signals emanating from processed unit second
portion 130b can be analog signals, digital signals, or a combinatibn of analog
and digital. The processing unit of the present invention may include digital-to-
analog conversion means as well as analog-to-digital conversion means. The
processed signals can be transmitted to one or more controlled devices with a
hardwired connection, a wireless connection or a combination of both
technologies. As depicted in Fig. 4, controlled computer 305, first controlled
device 300a, and second controlled device 300b are controlled by the processed
signals produced by processing unit first portion 130a and processing unit

second portion 130b. Similar to processing unit first portion 130a, processing
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unit second portion 130b preferably includes the system unique electronic
identifier, which can be embedded in processing unit second portion 130b at the
time of manufacture, during installation procedures, during calibration or other
post-surgical configuration procedures, or at a later date.

[0105] The three controlled devices are shown permanently attached to
physical cables, with each physical cable including a removable connection at
the other end. Controlled computer 305 is attached to cable 311 that has female
plug 155 at its end. First controlled device 300a is attached to first controlled
device cable 301a which has female plug 159 at its end. Second controlled
device 300b is attached to second controlled device cable 301b which has
female plug 157 at its end. Each physical cable can be attached and detached
from processing unit second portion 130b. Female plug 159 attaches to male
receptacle 158; female plug 157 attaches to male receptacle 156; and female
plug 155 attaches to male receptacle 154.

[0106] Each of controlled computer 305, first controlled device 300a, and
second controlled device 300b preferably has embedded within it, a unique
identifier of the particular device. Additional codes, such as the unique system
identifier, may also be embedded. When any of the physical cables are first
attached, such as controlled computer cable 311 being attached via female plug
157 to male receptacle 156, a compatibility check is performed by system 100”
to assure that the unique system identifier embedded in controlled computer 305
is identical or otherwise compatible with a unique electronic identifier embedded
in any and all other discrete components of system 100", such as the unique
electronic identifier embedded in processing unit second portion 130b. Similar

system compatibility checks can be performed with the attachment of first
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controlled device 300a or second controlled device 300b. If improper
compatibility is determined by system 100", various actions that can be taken
include but are not limited to: entering an alarm state, displaying incompatibility
information, transmitting incompatibility information, deactivation of controlled
device control, limiting controlled device control and other actions.

[0107] Also depicted in Fig. 4 is selector module 400 which can be used
by the patient or a different operator, such as a clinician, to select one or more
specific devices to be controlled by the processed signals of system 100”.
Selector module 400 includes numerous elements and functional capability as
has been described in detail in relation to Fig. 1. Selector module 400 is shown
with input element 402 (e.g., a data entry keypad) and output element 403 (e.g.,
a visual display). Input element 402 is used by an operator to select the specific
controlled device and to perform other data entry. Output element 403 provides
information to the operator such as selectable controlled device icons, controlled
device information and other system information. Selector module 400
communicates with processing unit first portion 130a via wireless technology
410. After selection of the one or more controlled devices to be controlled by the
processed signals, these processed signals include one or more unique codes
identifying the selected controlled device or devices, and may additionally
include the unique system identifier. These codes can be sent at the initiation or
cessation of control or on a periodic or continuous basis in order to assure that
only the selected devices are controlled by the processed signals. A selection
event can either cause a controlled device to begin to be controlled or stop the
control of a controlled device that is already being controlled. In an exemplary

embodiment, specific operators can select specific equipment, such conditional
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matrix stored in a memory module of selector module 400 or other discrete
component of system 100”.

[0108] Selector module 400 may include access passwords, or require
mechanical or electronic keys to prevent unauthorized use, and may also include
a function, such as a permission routine function, to select a controlled device to
modify its control. Selector module 400 may have other integrated functions
such as information recall functions, system configuration or calibration functions
as well as a calculator, cellular telephone, pager or personal data assistant
(PDA) functions. Clinician control unit 400 may be a PDA that has been
modified to access system 100" to select one or more controlled device to
modify its control, such as through the use of a permission routine.

[0109] Selector module 400 of Fig. 4 includes an integrated monitor for
displaying the information, however in an alternative embodiment, the selector
module 400 can cause the information to be displayed on a separate
visualization apparatus such as the monitor of controlled computer 305.
Alternatively or additionally, one or more of the functions of the selector module
400 can be integrated into one or more discrete components of system 100”.

[0110] Numerous configurations and types of controlled devices can be
used with system 100" of Fig. 4. Numerous types of controlled devices have
been described in detail in relation to the systems of Fig. 1 and Fig. 3 and are
applicable to system 100" of Fig. 4 as well. System 100" works with a single
patient 500 who can control multiple controlled devices such as controlled
computer 305, first controlled device 300a, and second controlled device 300b.
In an exemplary embodiment, patient 500 can select and/or control more than

one controlled device simultaneously. While each controlled device is connected
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to the same discrete component, such as processing unit second portion 130b,
in an alternative embodiment, the multiple controlled devices can be connected
to multiple processing unit discrete components. In that embodiment, the
selector module 400 is used to start or stop the transmission of the individual
processing units to their corresponding controlled device.

[0111] While patient 500 has been implanted with a sensor 200
comprising a single discrete component, sensor 200 may comprise multiple
discrete éomponents, not shown, such as multiple electrode arrays, implanted in
different parts of the brain, or in other various patient locations to detect
multicellular signals. Cellular signals from the individual sensor discrete
components, such as a single electrode component, may be sent to individual
processing units, or to a single processing unit. Separate processed signals can
be created from each individual discrete component of the sensor, and those
particular signals tied to a specific controlled device. Thus, each controlled
device can be controlled by processed signals from a different sensor discrete
assembly, such as discrete components at different locations in the brain or
other parts of the body. It should be appreciated that any combination of
discrete component cellular signals can be used in any combination of multiple
controlled devices. Alternatively, whether the sensor is embodied in a single
discrete component or multiple discrete components, the processed signals for
individual controlled devices may be based on specific cellular signals or signals
from specific electrodes, such that individual device control is driven by specific
cellular signals. Any combination of exclusively assigned cellular signals and
shared cellular signals used to create processed signals for multiple controlled

devices are to be considered within the scope of this application. In an
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alternative embodiment, the system includes multiple patients collectively
selecting and/or controlling one or more controlled devices.

[0112] The system 100” of Fig. 4 may include two or more separate
configuration routines, such as a separate calibration routine for each controlled
device. Any and all discrete components of system 100” may have a unique
electronic identifier embedded in it. The processing unit of system 100",
comprising processing unit first portion 130a and processing unit second portion
130b, may conduct adaptive processing as has been described hereabove.

[0113] The unique electronic identifier of the system is a unique code
used to differentiate one system, such as the system of a single patient, from
another system, as well as differentiate all discrete components of a system,
especially detachable components, from discrete components of a separate,
potentially incompatible system. The unique electronic identifier may be a
random alphanumeric code, or may include information including but not limited
to: patient name, other patient information, system information, implant
information, number of electrodes implanted, implant location or locations,
software revisions of one or more discrete components, clinician name, date of
implant, date of calibration, calibration information, manufacturing codes, and
hospital name. In an exemplary embodiment, the unique electronic identifier is
stored in more than one discrete component such as a sensor discrete
component and a processing unit discrete component. The unique electronic
identifier may be programmable, such as one time programmable, or allow
modifications for multiple time programming, such programming performed in the
manufacturing of the particular discrete component, or by a user at a later date.

The unique electronic identifier may be configured to be changed over time, such
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as after a calibration procedure. The unique electronic identifier can be
permanent or semi-permanent, or hard-wired, such as a hard-wired configuration
in a transcutaneous connector of the system. The unique electronic identifier
can be used in wireless communications between discrete components, or in
wireless communications between one or more discrete components and a
device outside of the system. The unique electronic identifier can represent or
be linked to system status. System status can include but not be limited to
output signal characteristics, level of accuracy of output signal, output signal
requirements, level of control needed, patient login settings, such as customized
computer configuration information, one or more software revisions, one or more
hardware revisions, controlled device compatibility list, patient permissions lists,
and calibration status. In an exemplary embodiment, the unique identifier
includes information to identify the system as a whole, as well as information
identifying each discrete component, such as each controlled device applicable
to the system. The unique portion identifying each controlled device can be
used in wireless communication, after a selection has been made via the
selector module, such that the selected controlled devices are properly
controlled.

[0114] The system 100" of Fig. 4 may include a library of various
integrated parameters, such integrated parameters utilized by the processing
units (e.g., processing unit first portion 130a and processing unit second portion
130b) to perform a function including but not limited to the creation of the
processed signals to control one or more controlled devices. Integrated
parameters include various pieces of system data, such as data stored in

electronic memory. In an exemplary embodiment, the data being electronically
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linked with the unique electronic identifier of system 100”. The integrated
parameter data may be stored in memory of one or more discrete components,
such as processing unit second portion 130b. Alternatively or additionally, the
integrated parameter data may be stored in a computer based network platform,
separate from system 100’ such as a local area network (LAN), a wide area
network (WAN) or the Internet. The integrated parameter data can contain
numerous categories of information related to the system including but not
limited to: patient information such as patient name and disease state; discrete
component information such as type of sensor and electrode configuration;
system configuration information such as calibration dates, calibration output
parametefs, calibration input parameters, patient training data, signal processing
methods, algorithms and associated variables, controlled device information
such as controlled device use parameters and lists of controlled devices
configured for use with or otherwise compatible with the system; and other
system parameters useful in using, configuring, and assuring safe and
efficacious performance of system 100”.

[0115] In an alternative embodiment, system 100" of Fig. 4 further
comprises a patient feedback module. The feedback module may include one or
more of an audio transducer, a tactile transducer, and a visual display. This
patient feedback module may be used during patient trainfng, or at all times that
the patient is controlling an external device. Feedback can be used to enhance
external device control as well as avoid an unsafe or undesirable condition. The
feedback module may utilize one or more discrete components of system 100”
such as sensor 200. In another exemplary embodiment, one or more electrodes

of sensor 200 can be stimulated, such as via a stimulation circuit provided by
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one or more of transcutaneous connector 165 or electronic module 170. The
stimulation can evoke a variety of responses including but not limited to the
twitching of a patient’s finger. The feedback signal sent to the patient can take
on a variety of forms, but is preferably a derivative of a modulating variable of the
controlled device. For example, feedback can be a derivative of cursor position
of controlled computer 305. If audio feedback is implemented, a signal
representing horizontal position and a signal representing vertical position can
be combined and sent to a standard speaker. Other audio feedback, such as
specific discrete sounds, can be incorporated to represent proximity to an icon,
etc. Parameters of the feedback module should be considered integrated
parameters of the systems of this invention, such that one or more feedback
parameters require approval of an operator via the system’s permission routine.
In an exemplary embodiment, the patient feedback function is incorporated into
selector module 400 such as via a visual display or audio transducer.

[0116] Patient 500 of Fig. 4 is at a specific location, Location 1. An
operator such as a clinician operator 111 is at a location remote from patient
500, Location 2. Also at Location 2 is configuration system 120 that can access
system 100" via the Internet as has been described in reference to previous
embodiments of the present invention. Configuration system 120 can be used to
perform various configuration procedures such as calibration procedures as has
been described in reference to a similar configuration system of Fig. 3. In an
exemplary embodiment, configuration system 120 can perform the functions of
the selector module such that clinician operator 111 can select a specific device

to modify its control via configuration apparatus 120 and the Internet.
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[0117] Referring now to Fig. 5, an implantable processing unit portion
(e.g., processing unit first portion 130a) is depicted. The sensor and its
connection to processing unit first portion 130a are not shown. Individuals with
severe motor impairments often have intact brain function but are unable to
move due to injury or disease of the spinal cord, nerves, or muscles. The
embodiments of this application provides a chronic solution for patients with
severe motor impairments by advancing technology that is directly applicable to
the development of a transcutaneous neural prosthetic BCl. The advanced BCI
may significantly increase the independence of severely motor impaired
individuals by providing them with safe, long-term, reliable and fast control of a
personal computer using thought alone. Through a computer, users could
complete daily tasks such as compose an email, answer the telephone, drive
their wheelchair, direct medical devices to power their own limbs or carry out
other functions that the body is no longer able to perform autonomously or on
command — such as bladder/bowel control. The proposed technology may also
be leveraged in fields beyond assisting the disabled by providing a safe, chronic
tool for real-time analysis of neurophysiological events. This not only evolves
the understanding of neuroscience, but also furthers the monitoring and
treatment of multiple neurological disorders such as epilepsy or depression.

[0118] A functional BCI comprises three distinct modules with
sophisticated connectors. These modules include, (i) a data acquisition and
transport module, (i) a data interpretation module, and (iii) at least one data
output module. The purpose of a data acquisition module is to extract electrical
signals from the brain with sufficient bandwidth and at a favorable signal-to-noise

ratio. Early pre-amplification and digitization of the analog recording data is
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often performed to increase noise immunity and minimize signal deterioration.
From the recording site, signals are fed into a processing unit for interpretation.
The main goal of the interpretation module is to transform the digitized brain
signal into a code which best represents the desired action. For a motor
prosthetic this may be movement of a cursor on a computer screen. Though
multiple mathematical models currently exist for the interpretation and decoding
of intent, better models can be constructed with more clinical experience, as the
accuracy of decoding can be augmented through patient feedback. After the
data set is interpreted, it can be used to drive a variety of output devices which
become the “effector organ” in lieu of muscle-activated limbs. The ability to
control a computer cursor is one example of an output device.

[0119] Though the technology is in its nascent stages, BCls have been
used to control a computer cursor. In one study, a pair of electrodes was
implanted in the primary motor cortex of patients with locked-in syndrome and
this led to the ability of some patients to control a computer cursor to
communicate. While useful, this system was slow, cumbersome, and unable to
be explanted. For these reasons, it is not optimal for widespread use. In
another study supported by the FDA and sponsored by applicant, the first
implanted patient was able to control a computer cursor without reported
difficulty or significant level of concentration. Moreover, and possibly most
significant, the patient began communicating through the interface with no
training. To date, the patient has cortically played video games, turned his
television on and off, changed channels and adjusted the volume.

[0120] Though limited to one patient as of September 2004, the

applicant’s clinical experience with our BCI is groundbreaking neuroscience.
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However, as it exists today, the technology is limited in both its clinical utility and
the number of individuals who can benefit from it. While enhancements to each
module of the BCI may have value, the embodiments of this application may
specifically utilize best practices in existing technologies with our human clinical
experience to develop an enhanced data acquisition and transport module. To
date, collecting multi-cellular action potentials from the cortex has partly been
hindered for two interrelated reasons. First, there has been a lack of an
adequate physical neural interface. Second, there are significant technological
limitations in transferring and processing large amounts of data from cerebral
cortex. Creating an advanced data acquisition and transport module may
provide a chronic device useful for additional clinical study that could further our
understanding of the structure and function of the brain and ultimately result in its
potential use in many people for multiple indications. Further enhancements
such as miniaturization may be necessary to place devices in the confines of the
skull; small, high density connectors may be essential to interconnect
components, and wireless telemetry may be needed to move signals to remote
processors.

[0121] Devices intended for long-term monitoring of neural signals from
the cerebral cortex are being developed in two broad categories. The first
category comprises a passive, micro-electrode array which records signals from
the cortex and transports them through a wire bundle to a “can” which amplifies
the signals and wirelessly transmits them to an external device located behind
the ear. The second is an all-in-one method in which the electrodes, amplifier
and wireless data transmission are integrated onto a single substrate that is

intended to be implanted on the cortex. In designing a medical device for
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widespread usage, practical surgical and clinical needs must be taken into
account. This application details multiple embodiments: the creation an optimal
neural interface to extract reliable and repeatable signals from precisely relevant
areas of cortex; a complete, wireless device to transcutaneously transmit neural
signals from the cortex to the extracorporeal environment without the need for a
through-the-skin connector, and the advanced tools and techniques for a
minimally invasive implantation.

[0122] Creating an optimal neural interface to extract reliable and
repeatable signals from precisely relevant areas of cortex is disclosed. Clinical
experience indicates that electrodes must be inserted at a precise depth to
ensure recording of the cortical layer with a high signal to noise ratio. The
placement of the active tip must take into account both the variability of lamina
thickness and the unavoidable range of implant depths occurring during surgery.
Some designs use an electrode with multiple active sites along its shank or
projection, while others have electrodes only at the tip of the projection.

[0123] Sensors which are permanently attached to the processing unit
ensures that failure of any implanted component may require the patient to
undergo another craniotomy to remove or replace the device. A detachable
connector or system wherein a preattached cable can have a connector added
to it, obviate the need for the second craniotomy.

[0124] The wireless device to transcutaneously transmit neural signals
from the cortex to the extracorporeal environment without the need for a through-
the-skin connector provides significant advantages. From the cochlear implant
experience, it was determined that hardware optimization and algorithm

development may require access to all available information. For implants that
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monitor multiple channels of action potentials, this generally means huge
amounts (over 40 Mbits per second) of acquired data. Given foreseeable
technology coupled with the competing goal of cosmetic acceptability, high-
bandwidth wireless telemetry based on infra-red (IR) transmission is a
compelling way to satisfy these competing requirements.

[0125] The techniques and approaches embodied in this application may
allow minimally invasive implantation for shorter surgical time, less patient
scarring, lower risk of infection and faster patient recovery. These embodiments
include a new insertion device, surgical templates to aid in proper array
placement and tunneling tools to minimize the incision.

[0126] Processing unit first portion 130a (e.g., electronics “can”) of Fig. 5
attaches to a long-term chronic sensor for the brain and captures neural signals
and wirelessly transports them extracorporeally. The sensor comprises an
implanted microarray and wire bundle that may be tunneled under the scalp.
The wire bundle unit has a sophisticated detachable connector to adjoin with the
electronic processing unit implanted under the scalp behind the ear. The
processing unit electronics amplify and digitize the signal and then transmits it
by, for example, an infrared (IR) telemetry link to a magnetically mounted and
aligned external receiver which powers the device using radio-frequency (RF).

In the BCI, signals may be forwarded from the receiver to a signal processor and
decoder for interpretation.

[0127] A microarray of electrodes with a greater range of electrode
height, pitch, and shape profile may improve applicability by increasing the
number and quality of neural signals obtainable. A flexible and bio-stable cable

linking the array and the subcutaneous electronics package is another
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embodiment. This may vastly improve ease of implantation for the surgeon and
lengthen the mean time before failure. A cable connector that allows the
subcutaneous electronics “can,” a portion of the processing unit of the present
invention, to be disconnected and replaced if needed, leaving the
microarray/cable intact in the cortex, avoids unnecessary surgery. In an
alternative embodiment, a preattached system is implanted that includes a
connector addition kit employing a severing device for cutting the wire bundle or
ribbon cable used, a connector configured to make electrical connection with
each of the conductors at or near the cut end, and a crimping tool for attaching
the connector to the conduit. Another embodiment of this application is an
electrode array inserter comprising a hold/release mechanism, an inserter
mechanism, and a trigger mechanism for safe, easy, repeatable and reliable
implantation. Another embodiment is a surgical method utilizing templates and
tunneling tools to lessen infection risk, minimize training required, and permit
fewer user errors and device damage.

[0128] Referring now to Fig. 6, sensor 200 is shown, preferably a ten by
ten array of electrodes. Each electrode may be electrically connected to a
filamentous conductor, such as a wire, which at their opposite ends is connected
to transcutaneous connector 165. The bundle of wires make up wire bundle 220
that includes multiple bound sections (e.g., fixation points 224), which maintain
the bundle of wires within a fixed diameter. The portions of wire between each
fixation point 224 can flex independently when wire bundle 220 is bent, making
wire bundle 220 more flexible than a wire bundle completely surrounded along
its length by a protective cap such as a layer of silicone, or a sleeve. Fixation

points 224 may comprise a biocompatible band, such as an elastomer band, or
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anrﬂamount of glue holding the cross section of each wire at a fixed position. In
an exemplary embodiment, the fixation points are at a predetermined pattern
such as an equidistant separation pattern.

[0129] Fig. 7A depicts processing unit second portion 130b’ of a RF
power coil verification prototype placed on a hairless mini-pig. Confirmation of
adequate power transmission to an implanted module was confirmed through
five millimeters of pig skin. Figure 7B depicts processing unit second portion
130b" of a wireless telemetry prototype. Accurate, high baud rate (40 Mbit/sec)
data transmission to an implanted module was also confirmed. IR alignment
tolerance was shown to be better than £ 2 mm in x, y, and z axes. Power
requirements were less than 40 mW of power. The external processing unit
portion of the present invention is configured to inductively transmit power to the
implanted processing unit first portion. The implanted processing unit portion
includes a sophisticated amplifier for amplifying the multicellular information.

[0130] A preferred design of the amplifier has the following

specifications:

65



WO 2006/041738

PCT/US2005/035334

Parameter Specification
Supply voltage +15-17V
Supply current <+ 20 pA
Gain 100 +- 5%
Bandwidth (1% order) 5.7 - 8.6 kHz
Low frequency cutoff 0.2 Hz
Input-referred noise <3.0 yVrms
Noise efficiency factor £5.0
Dynamic range (%1 THD) =60 dB
CMRR (10 Hz - 5 kHz) =>80dB
PSRR (10Hz — 5 kHz) =80dB
Crosstalk (f = 1 kHz) <-60 dB
Offset rejection Rail to rail

[0131] Referring now to Fig. 8, a patient’s scalp 270 with
transcutaneous connector 165 protruding through the skin is depicted. An
incision scar of about 8 cm may be required to place the wire bundle. The
microelectrode array was implanted on the surface of the cortex, specifically in
the precentral gyrus immediately posterior to the superior frontal sulcus, as
identified on a pre-surgical magnetic resonance image (MRI) scan. The array
was placed in this area of the motor cortex because it may be the location
primarily responsible for motor control of the contralateral hand and arm.
Attached to the array, the wire bundle was placed above the skull while the
titanium through-the-skin connector was mounted with bone screws to the skull.
In an embodiment, a totally integrated subcutaneous package that includes
wireless data transmission, ASIC amplifier, and extended safety measures,
powered by an RF inductive coil is disclosed.

[0132] The surgery lasted approximately three hours and was
uneventful. The patient was discharged to his primary residence 3 days post-
surgery where he recovered for three weeks prior to initiation of device testing.
There were no post-surgical complications. Another embodiment of the present

invention addresses the need for immediate feedback during the surgical

66



WO 2006/041738 PCT/US2005/035334

procedure to ensure the array and connections are in working order. An
impedance check, integrated into the implanted signal processing electronics
would check the system from the implanted processing unit to the tip of the array
before the craniotomy is closed. Based on statistics from deep-brain stimulator
and cochlear implant manufacturers, one would expect approximately 3-5% of
the implanted electronic “cans” to fail within 5 years. The connector system of
the present invention allows the “can” to be replaced without the need for
another craniotomy.

[0133] Device testing began on July 12, 2004 and continues. As of
October 1, 2004, over 20 clinical sessions have been conducted. The current
clinical version of the biological interface system is configured with multiple wired
connections. An embodiment of the present invention addresses the
development of a transcutaneous wireless implant that replaces the head
mounted pedestal, preamplifier and mechanical cable connection system. In the
clinical sessions, the patient was able to modulate neuron activity and
specifically, on multiple occasions, neuronal activity was increased when the
patient was instructed to imagine moving his left hand and/or arm. As a control,
the patient was asked to imagine leg movement (the array is implanted in the
arm area of motor cortex and thus should record no activity if the patient
imagines movement of other body parts). As predicted, imagined leg movement
di;i not cause an increase in activity. Preliminary analyses also suggest that
some neurons are tuned to movements in certain directions (so-called directional
tuning). Another embodiment of the present invention allows an operator,
through bi-directional communication, to turn off select channels that do not

participate in the movement analysis. It keeps the temperature of the device
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lower and it reduces the amount of data needed to be transferred, subsequently
lowering bandwidth requirements. In such low bandwidth requirements, the IR
communication of the present invention may not be required, and an additional
communication element such as RF would allow remote placement of the
external device receiving communications, such as the controlled device.

[0134] The current microelectrode array is a 100 electrode, 10 x10
pattern with one millimeter long electrodes configured on a 0.4 mm center-to-
center pitch. Experience from the human clinical trial indicates that a wider
range of electrode length and pitch coupled with a variable electrode length
profile across the array would be highly desirable in order to optimize the
probability that a significant number of electrodes may be placed in the correct
layer of the motor cortex. The result may be a larger quantity and higher quality
of neural units detected and thus better patient control of the neural prosthesis.
A preferred embodiment of the present invention includes a sensor with multiple
penetrating projections, one or more projections including one or more
electrodes. In addition to these signal capturing electrodes, the sensor body
includes one or more integral reference surface electrodes, obviating the need
for the reference wires, currently placed on the surface of the brain in the
surgical procedure. This reference electrode integration may minimize surgical
time and risk of damage to the arachnoid membranes overlaying the cortex.
Additionally, construction of an outer flange extending radially outward from the
projections makes possible the attachment of a removable housing to provide
protection to the delicate projections and electrodes during the surgical

procedure leading to cortical insertion.
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[0135] Fig. 9 illustrates a schematic cross-section of an array design,
sensor 200 that incorporates a perimeter flange, flange 214, that can serve as
both a surface for one or more reference electrodes, such as flat electrodes that
do not penetrate tissue, as well as a structure for anchoring or otherwise
securing the sensor 200 to a protective cap or covering, not shown. Sensor 200
includes base 215, preferably a silicon substrate, with multiple projections 211
that have one or more electrodes such as electrode 212 at each tip. Electrode
arrays with flanges, and projections 211 of different lengths can be manufactured
with a silicon dicing saw with sub-micron precision. This process allows
processing of about one hundred arrays per wafer simultaneously. Precision
silicon dicing saws combined with appropriate blade dimensions, blade
composition and saw control parameters, can produce a wide variety of array
architectures. The result of this manufacturing method may be a wider range of
array configurations as well as the elimination of numerous processing steps that
have the potential to damage the delicate array electrodes. For instance,
manufacturing a slant type array can be accomplished by programming the
dicing saw to progressively dice individual rows of electrodes such that the
height of each electrode row is progressively lower than the proceeding row. It
should also be possible to use this precision saw to cut the actual projection
profile rather than simply cutting square columns which are then extensively acid
etched to create the final shape.

[0136] The manufacturing method further includes use of the focused,
and programmable beam of the excimer laser to precisely mill off the previously
deposited insulating Parylene C polymer from the projection tips to expose the

electrode metal beneath. This laser process may yield much greater precision
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and control of electrode tip exposure. The laser milling capability may be
particularly important for slant electrode arrays which may require the insulation
removal process.

[0137] A method of manufacturing arrays with a perimeter flange 214
structure for handling the array or placing it into a protective holder or protective
cap during the surgical tunneling can be done by machining away (via dicing
saw) the outside rows of the sensor 200 as depicted in Figure 9. Such a
perimeter flange can also serve as a platform for placing reference electrodes
directly onto the back of the array by sputter coating traces onto the back of
flange 214. Such a perimeter shelf and the integrated reference electrodes
provide a substantial improvement in capability over the current array
architecture.

[0138] Referring now to Fig. 10, a planar electrical conduit of the present
invention is illustrated. In an exemplary embodiment, the planar electrical
conduit is a multi-conductor ribbon cable 225. The figure depicts the following:
(A) top view of the bonding pad (e.g., conductive pads 226) for the array and the
connector ends (actual gold traces 229 and bénding pads would be encased in
the FEP membrane and would not be visible from outside); (B) side view
showing an expandable portion comprising a set of pleated folds; and (©)
sectional views in four key regions of the cable. Also depicted is base 215 of the
sensor, with projections 211 and electrodes 212 at the tips. Results of the
human clinical trial to date indicate that the implant microwire cable is very
difficult to manipulate and route during the implantation process. This difficulty
adds considerably to surgical time and poses a risk that the delicate array and

cable may be damaged prior to insertion. Furthermore, it is well appreciated that
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:[hé human brain cén move within the skull several millimeters in any direction.
Such movement may exert a force on the array via the fixed wire bundle that
could dislodge the array from the cortex. The cable design may comprise 96
one mil diameter Au/1% Pd micro-wires each insulated with a thin (~ 5 ym)
polyester layer. The cable wires are consolidated together and over-coated with
a layer of medical grade silicone rubber for enhanced bio-stability and
mechanical protection. The elastomeric nature of the silicone predominates over
the plastic properties of the wires making the cable extremely elastic and
springy.

[0139] An embodiment of the present invention includes an extremely
flexible, non-elastic cable that is integrally incorporated into the implant
assembly, simultaneously linking the electrode array to the subcutaneous
electronics package. By way of example, the cable is a 100 channel, FEP Teflon
based, planar cable of 13 cm long, less than 5 mm wide, and less than 0.05 mm
thick. One end of the cable is built directly onto the microelectrode array while
the other end is constructed onto the male end of a connector. The non-elastic
FEP cable may also have a stress relief feature to provide for easily surgical
placement and enhanced in vivo stress relief. Such a planar cable design
makes possible the incorporation of such a connector. The stress relief may be
able to accommodate brain movements of 3 mm in up to 3 orthogonal directions.
The manufacturing process may require photolithography masks that may define
the bonding pad geometries on both ends of the cable as well as the trace
routing and trace width, length and spacing. A resist spinner-compatible base

plate that may serve to precisely hold both the array and male end of the
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connector plate and may also serve as the base for the planar cable formation
during fabrication may be used.

[0140] An embodiment of the stepwise construction sequence may begin
with placement of both the array and the silicon cable connector pad into
recessed cavities in the base plate such that their surfaces are flush with the
base plate. The connector pad is similar to the array base in structure and
composition. For example, there is a regular pattern of conductive vias (doped
silicon) immersed in, but electrically isolated from, the surrounding silicon by
nonconductive glass. The plate is approximately 1.2 mm thick. Next, a shield
mask is applied over the top of the plate surface. Two apertures in the mask
allow the array and the connector bonding pad sides to be exposed to a plasma
surface conditioning process that serves to enhance the adhesion of FEP
fluorocarbon membrane to the array and connector. Immediately following this,
a thin (10-25 pm) FEP membrane would be heat and pressure sealed to the
array, connector and base plate. Next, an excimer laser is used to precisely and
completely mill away the sections of the fluorocarbon membrane overlaying the
bonding pads on both the array and the connector. Next, standard
photolithography techniques are used to apply and cure photoresist, expose the
resist using the chrome mask, sputter coat gold for the traces and bonding pads
to the conductive silicon and remove the residual photoresist and gold. Then a
second, thin (10-25 pm) FEP membrane is heat and pressure sealed to the top
of the assembly to form a multi-conductor planar cable. The excimer laser would
be used to cut through the double FEP sheet around the perimeter of the cable
and the completed assembly is removed from the base plate. Finally, a

thermoformed pleated stress relief pattern is formed near the array end of the
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cable using a hot corrugated clamping mandrel. The resulting ribbon cable
structure is schematically depicted in Figure 10.

[0141] Fig. 11 depicts a planar cable connector (e.g., detachable
connector 230) of the present invention that allows the implanted processing unit
portion, when found unfunctional, to be disconnected and replaced while leaving
the array of electrodes and planar cable 224, intact in the cortex. The existing
implant assembly employs a micro-wire bundle (cable) that is hardwired (via wire
bonding technology) to the electrode array and a transcutaneous, through-the-
skin connectortﬁat is physically attached to the skull. Based upon similar
devices, such as cochlear implants, it is likely that a five year failure rate of 5%
may be anticipated early in the product development cycle. In this case, any
failure in a totally hardwired system would necessitate complete surgical removal
via crainiotomy and replacement of the implant, exposing the patient to yet
another surgical and a post-surgical infection risk. An embodiment of the
present invention minimizes this possibility, by providing a connector system that
is integral to the planar cable 224 - implanted processing unit package interface.
Such a connector may allow the subcutaneous electronics package to be
disconnected from the electrode array and replaced for any reason thus

~ eliminating the risk of having to access the brain to remove the array and cable
from the cortex should the implanted processing unit “package” fail. This
strategy keeps the array and cable relatively simple and reliable and places the
more complex (énd failure prone) electronics package in an accessible,
subcutaneous location beneath the scalp for easy access should intervention be
necessary. In an alternative embodiment, the planar cable is attached, without a

detachable connector, to the implanted processing unit. In this embodiment, a
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kit is provided. The kit may include means of cutting or severing the planar cable
near the implanted processing unit, a connector which can be attached to the
planar cable near the severed end, and a crimping device for providing a seal
and making the required electrical connections between the cable and fhe newly
attached connector.

[0142] Referring back to Fig. 11, the connector comprises two mating
parts, one integrated into the planar cable and the other integrated into the
electronics package. During the planar cable construction, the silicon plate
connector element is integrally incorporated into the cable. This is possible
because the connector plate is very similar in design, composition, and
manufacturing approach to that of the array. For example, both may have
bonding pad patterns of doped, conductive silicon vias separated by insulating
glass lines. The silicon connector plate, approximately 9 mm x 9 mm x 1.2 mm
thick, is manufactured with: 0.250 mm square pads 410 in a pattern of 8 x 12
with corresponding pitches of 0.4 mm x 0.5 mm respectively to match the
bonding pad pattern on the Amplifier ASIC in the electronics package; a silicon
spring feature 420 constructed into the sides of the connector that may aid in
alignment, mating, and fixation of the connector plate with the corresponding pad
on the electronics package; and a groove 440 around the bonding pad pattern
on the electronics package that may contain a desiccant material serving as a
water vapor barrier (getter) to extend the lifetime and hermeticity of the
connector. This silicon plate with the integral planar cable mates directly onto a
High Temperature Co-fired Ceramic (HTCC) board 480 used to create the feed-
throughs to the ASIC inside the electronics can. The HTCC board may have

gold stud bumps 460 attached to each pad. When the planar cable connector is

74



WO 2006/041738 PCT/US2005/035334

snapped into place, these gold stud bumps 460 create contact points that are
crushed by the pads on the ribbon cable connector creating the contact force
necessary to achieve a good electrical connection. The crushing of the stud
bumps accommodates the height variability of the bumps (~ 10 ym) ensuring
good electrical contact for all connections. The result is a silicon connector plate
that is flush with the HTCC board. In order to seal the connector, a quick-curing,
biocompatible polymer may be applied around the perimeter of the silicone plate.
A water vapor getter desiccant material would absorb water that diffuses into and
through the silicone barrier over time. Modeling calculations indicate that a
getter volume of approximately 15 mm?® (1x1x15 mm perimeter length) of
anhydrous calcium sulfate would have sufficient water absorption capacity to
maintain connector hermeticity in excess of five years. The planar FEP cable is
formed directly and simultaneously onto both the array and the silicon connector
plate. The final step in assembly is the connector mating to the electronics
package. Figure 11 illustrates the concept of the connector.

[0143] Fig. 12 depicts a functional diagram of the implanted portion of
the processing unit, processing unit first portion 130a, of the present invention.
Avoiding a through-the-skin device in any system generally leads to
improvements in acceptance, safety, reliability and performance. An
embodiment of the present invention is an implanted portion of the processing
unit, processing unit first portion 130a, which communicates with external
devices with wireless communication. Another embodiment of the present
invention provides safety features that mitigate temperature and power
fluctuations and protect from electrostatic discharge (ESD). A method to

measure in vivo impedance at the time of implantation is also described which
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may help determir'we if the array was inserted properly and may function as
desired, as well as diagnose adverse changes to one or more of the implants.
One embodiment of the present invention provides an implantable VLS| amplifier
and controller unit with the power and telemetry for high speed data collection
and transmission.

[0144] A functional diagram of the implantable processing unit depicted
in Fig. 12 illustrates two Application Specific Integrated Circuits (ASIC) made up
of the Neural Signal Amplifier with Analog Multiplexers and the Controller Logic
Unit. The ASIC and other functional electronics are housed in a hermetic
titanium can incorporating 100 feed-throughs. The data and power transmission
portion of the system are housed in an adjacent ceramic package. The
implantable processing unit includes wireless, through-skin telemetry with high
speed data transmission, an inductively coupled power source, two-way
communication system diagnostics, and enhanced safety. A 96-channel
amplifier with ESD protection is described which may not allow significant DC
current to pass from the implant back to the implanted electrodes in case of an
ESD event. The implantable processing unit includes: a Data Acquisition Mode
which produces a serial data stream containing neural signal recordings and
safety-related information and a Test Mode which provides information about the
condition of the implant; and two-way telemetry communication with high speed
IR data out and RF power and control signal in. In an alternative embodiment,
an implanted power supply such as a rechargeable battery and/or an RF
transmitter are also included. Typically, all communications may be checked

using data integrity measures including 8b/10b encoding and checksum. The
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integral impedance test may have a maximum of 10 nA current injection to avoid
cortical stimulation.

[0145] The electronic module includes two primary VLSI electronic
components. The first is a 96-channel amplifier with special ESD protection. All
VLSI circuits include some protection from damage by electrostatic discharges
into device pads and connection points, but they are not optimized for
microelectrode inputs, and they often have single diodes between the electrode
input and power source. In a single fault failure case, this can apply power to the
electrode input and damage the neural tissue.

[0146] Access to each individual channel is necessary for channel
selection and impedance checking. Channel selection can reduce the number of
channels being recorded which would in turn reduce both the required outgoing
data rate and overall power dissipation of the system. Accessing individual
channels is essential to closing the loop needed for measuring electrode
impedance. The reference electrode switches to the current limiter output of a
1kHz generator, and the reference input of the differential input amplifier of the
individual channel switches to ground.

[0147] The sampling speed of each channel is set at 30 ksps to match
that of the Braingate System currently in clinical trials. Given the 30 ksps
sampling rate per channel, a 3 Msps ADC would be required. However, the
maximum speed of the appropriate ADC may be 1-1.5 Msps. Separating the 96-
channels into three 32-channel banks may allow the system to use low power
A/D converters. Three A/D converters may be used to obtain the desired

sampling rate while maintaining low power dissipation.
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[0148] Referring now to Fig. 13, a schematic of an ESD protection circuit
of the present invention with a pseudo-resistor to limit electrode voltage in a fault
situation is shown. This ESD protection circuit guards the sensitive integrated
CMOS amplifier inputs from electrostatic damage during or after implantation.

Of particular concern is the fault tolerance of ESD protection schemes and their
failure modes. The ESD protection circuitry should protect the AC coupling
capacitor sufficiently such that an ESD event cannot break down the capacitor
oxide and cause DC current to pass through the capacitor. An ESD event
should not cause damage to the ESD protection circuitry in any way that would
allow DC current to flow through the protection circuitry and into the electrode.

[0149] Referring now to Fig. 14, a functional diagram of the Control Logic
Unit is depicted. The second VLSI design is a Controller Logic Unit, which
supervises the neural data acquisition and the functional and safety testing units.
To communicate with the implanted device, a hybrid two-way telemetry is
utilized. Neural and test information coming from the Control Logic Unit may be
transferred via IR optical transmission. This is a high-speed (50Mbs) data link.
To control the different functions of the Controller Logic Unit, a significantly lower
data transfer may be appropriate (in kHz range). Inductively coupled RF power
link carries this low data transfer information by modulating its carrier frequency.
After demodulating the information, the Control Signal Decoder Unit may
conduct a data validation to prevent false or corrupted data from being read by
the implant.

[0150] Referring now to Fig. 15, two feed-through designs are depicted
for connecting a large number of conductor cable to a hermetically sealed

device. An embodiment of the present invention may include a design and
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method for creating électricai hérmetic feed-throughs, which reduces the pitch
between the feed-throughs, uses a single joining step for all of them rather than
one for each, makes it possible to attach electronic components directly onto the
feed-throughs, and can be used in implanted medical device applications. A can
assembly is composed of two laser welded titanium shells with a High
Temperature Co-Fired Ceramic (HTCC) window, with 100 filled, through hole
vias, brazed onto the can and hermetically tested to a level of 10-8 cm3/sec of
He. The ASIC is flip-chipped to the HTCC board, hermetically sealed inside the
can and verified for electrical contact between the outside of the can and the
ASIC.

[0151] The typical method for doing a hermetic feed-through involves
individual wires with either ceramic or glass cylinders hermetically sealed to
them, as shown in the upper portion of Fig. 15. These glass or ceramic cylinders
are then melted or brazed to the can wall. The minimum pitch between feed-
throughs of this type is = 2.5 mm (.100in). With over 100 separate braze joints,
the likelihood that at least one may fail hermetically is high. There are also 100
more wire connections to be made in this case since the feed-through needs to
be connected to the electronics within the can. These issues are illustrated in
Figure 15. For reasons of size and reliability the traditional method of creating
hermetic feed-throughs is not practical.

[0152] As shown in the lower portion of Fig. 15, an embodiment of an
implatable processing unit portion of the present invention may include HTCC
(High Temperature Co-fired Ceramic) board 580 comprising alumina substrate
and tungsten traces (both known for their biocompatibility and biostability) used

to create the 100 feed-throughs. The HTCC boards 580 are processed by
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sputter coating a titanium/tungsten (Ti/W) layer onto the pads followed by
platinum (Pt) providing a biocompatible surface acceptable for wire bonding.
This process may create a board with filled, through hole, vias in a pattern
matching that of the pads on our amplifier ASIC which is responsible for
receiving the signals from the sensor.

[0153] Fig. 16 illustrates an exemplary embodiment of the feed-through
for processing unit first portion 130a. By brazing the HTCC board 580 into a
window in one half of a titanium can at active braze seam 570, this single brazed
component provides 106 filled vias (instead of feed-throughs). The ASIC may be
flip-chipped directly onto these vias on the inside of the can, eliminating the
complex and risky step of wiring from the can to the internal electronics. From
this point, the rest of the electrical components are placed inside the can and the
cover laser welded at laser weld seam 590, creating a hermetic seal meeting the
requirement of 10-8 cm3/sec of He. The amplifier electronics are powered
through RF coupling with an RF coil hermetically sealed within a biocompatible
package. The IR laser diode is driven with the amplifier electronics while being
powered by RF coupling.

[0154] The external processing unit portion may use magnets to align
the RF power coil. In addition, the magnets may hold the internal and external
optical elements of the high-speed IR data transmission fixed to within + 2 mm of
one another under normal use. The power requirements of the implant are 150
mW as compared to15 mW for a cochlear implant. To supply the additional
power, an inductive scheme incorporating approximately 42 windings of 100

strand Litz wire hermetically sealed within the can is used.
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[0155] Referring to Fig. 17, a hermetic package of processing unit first
portion 130a is depicted, including RF and IR elements. Most of the electronics
of the device need to be shielded from EMI in a titanium housing. However, the
RF coil 610 may require an unshielded hermetic environment. Two titanium
rings each have an HTCC ceramic (e.g., Al03) board actively brazed to it. One
of the ceramic plates has a sapphire window 530 brazed into the middle for the
IR data link while the other has the circuitry needed for the IR laser diode 560
and RF coil 610. Five filled, through-hole vias act as feed-throughs to pass
power and data between the two cans.

[0156] Referring now to Fig. 18, an electrode array inserter 600, and a
method of insertion of a multiple projection array of electrodes is illustrated. The
inserter 600 includes a force measuring element, such as a strain gauge or
pressure transducer, not shown, to provide an automatic trigger for activation of
an inserter piston 610 at the appropriate tissue preload. The inserter 600 has a
casing 620 having first and second ends and enclosing a chamber. A piston 610
disposed within the casing 620 and slidable between a first and a second
position. Piston actuator, not shown, but one or many types of linear actuators,
are operably associated with the piston 610 for urging the piston to the second
position. The piston includes piston attachment means, such as a mechanical
connector, magnetic connector, Velcro, frictional engagement surface, or other
connector for attaching the piston to the electrode array or protective cap. The
inserter 600 includes array holder 630 for holding the array 650 or the array
protective cap 680, such as via frictional engagement with a flange on the array,
such that the piston mechanism can not only cause the array to accelerate but

also decelerate. In an exemplary embodiment, a protective cap or covering is
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rfrictionally engaged with opposing side of the base of the array, in the flange
area, and the inserter mates with the protective cap. The holding of the array
also prevents a momentum based overshoot which cause the local tissue to
deform and potentially become traumatized. Studies of insertions into cortical
tissue have shown that success is dependant on a combination of insertion
parameters and tissue preload. For example, one has to push the array down
onto the cortex until the pial membrane is under tension.

[0157] Over-insertion which can result in sub- and epidural hemorrhage,
spreading depression, and more permanent brain damage. Cat and monkey
cortical implantations have shown that the effects of spreading depression,
resulting in a failure to record single unit activity, can range from a few minutes
up to 24 hours in duration. The cause of tissue damage is the fact that the
array’s momentum used to penetrate the outer membranes, mostly the pia, is
transferred into the tissue causing temporary dimpling even during a successful
implantation.

[0158] The most challenging part of array insertion is the penetration of
the pia; the underlying cortical tissue does not provide much resistance to the
electrodes. Inserters with two speeds, accomplished by electronic or mechanical
means incorporated into the inserter, can accomplish complete insertion while
avoiding tissue trauma by reducing tissue displacement and preventing over-
insertion. To reduce momentum transfer into the tissue and, hence, reduce
damage, the array may be held securely at the inserter tip. This may give the
ability for a high speed insertion to overcome the pia and slow down the insertion
afterwards to keep the brain from absorbing this momentum. it may also allow

controlled insertion of varying length and shape electrode arrays. The inserter
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wand may be attachable to a stereotactic frame and able to be positioned using
micromanipulators. The inserter can employ a combination of cams and springs,
or an electrical linear actuator, such as a high speed stepper motor, or multiple
coil solenoid, to function as an adjustable speed and stroke distance device.
This inserter can perform non-continuous motions such as those employing an
initial high rate acceleration followed by a deceleration. Other non-continuous
motions can include other changes in velocity, direction, acceleration, and
momentum, as well as including stepped advances including multiple discrete
steps. In another exemplary embodiment, multiple heated Nitinol wires, attached
to levers to increase stroke distance and/or provide a mechanical advantage, or
selectively actuated by integral electronics and battery of the inserter combined
with a user interface to adjust insertion parameters.

[0159] Another embodiment of the present invention, a single
mechanical protecting cover or cap is disclosed. The protecting cover frictionally
engages the array along a flange, and protects the delicate projections of the
array during manufacturing, sterilization, shipment, unpacking and tunneling
under the skin. As mentioned hereabove, a rim having the width of an extra row
of projections is added to the base of the electrode array on each side and used
to hold the array in the protective array cover and during array insertion. The
mechanism of choice fulfills two criteria: (i) positioning of the array in and
removal from the holder in a straightforward and safe manner; and (ii) preventing
the array from significantly moving laterally or vertically while held during high
speed insertion. This array holder is attached/detached easily to/from the

inserter wand.
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[0160] Studies have shown that, using the pneumatically actuated
inserter, complete array insertion can be achieved with an insertion speed above
8.3 m/s but while increasing insertion speed much beyond that point still resulted
in complete implantation, it also increased tissue trauma. Because momentum
transfer to the tissue may be greatly reduced with the present embodiment,
increasing insertion speeds may not affect the brain’s response and may aid in
the insertion process by making use of the viscous and inertial properties of the
tissue. In an exemplary embodiment, the inserter is configured to travel at a
speed above 10 m/s for 50-75% of the insertion depth depending on electrode
length and array base thickness; after which a much lower speed may be utilized
to push the array in the rest of the way. Because the array is always oriented
correctly to the cortical surface, reliable insertion of non-uniform or slanted
electrode arrays is possible if the device is able to maintain a constant insertion
speed until the last electrode tip penetrates the pia.

[0161] The tissue preload is an important factor because stretching the
pial surface makes penetration easier; The preloading mechanism can be
automated. The surgeon should place the array on the cortex with less than 0.5
mm accuracy. Once insertion is triggered, the inserter wand may move towards
the cortex at a low speed. As the array pushes down on the cortex, the load on
the inserter tip may increase. High speed insertion is triggered at a
predetermined applied load via a load measuring element integral to the inserter
which is tied to the trigger. Because breathing can change this force over time,
this mechanism may eliminate the need to time the insertion with the breathing
artifact and only trigger when the applied load is sufficient. This load may be

determined based on the insertion speed of the inserter. Once partial insertion is
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achieved using high speed insertion, the low speed advancement, still in
progress, may complete implantation. Hence, the mechanism to apply preload
may also be used to slowly advance the array to achieve complete insertion.
[0162] Referring now to Fig. 19, a method of tunneling with the sensor
200, an electrode array, attached to the shaft of a tunneling device (e.g., tunneler
700) is illustrated. The tunneler shaft 720 can be attached to the array 200 at
the base, wire bundle, and/or protective cap of the array 200. The tunneling
shaft 720 may have a detachable tip. The attachment member can includes
magnets, hooks, frictional engagement means, Velcro, and the like. In an
exemplary embodiment of the present invention, surgical templates, not shown,
and other tools are provided to aid in the selection of the proper location for one
or more implants, as well as to aid in the maodification or forming of one or more
wire bundles or ribbon cables. The wire bundle of the present invention is sized
to reach any area of the cortex that is on the same side as the implanted portion
of the processing unit. A system which utilizes one wire bundle length to
accomplish this simplifies purchase for implanting hospitals. A single, long wire
bundle may require manipulation to fit into cortex that is at different distances
from the implanted processing unit “can”. In an exemplary embodiment, a
template and a wire winding tool are provided, in combination telling the surgeon
exactly how to form the wire bundle to fit between the array implant site and the
“can” implant site. The winding tool can be used to create one or more bends in
the wire bundle, the tool including one or more cylindrical projections containing
specific diameters for the winding process. Winding of a portion of the wire
bundle around the specific diameter may cause the wire to assume a pre-

determined shape.
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[0163] From the implant location of the “can,” e.g., behind the ear, the
surgeon may use a template from the “can” to the position where the array would
pass through a craniotomy and to the brain. The template includes instructions
imprinted on its surface describing how to bend, twist, wind, or otherwise shape
the wire bundle for a desired fit in the desired location. Along with the template,
a winding or shaping tool is provided that the surgeon uses on the wire bundle,
following template instructions, e.g., “wind wire-bundle middle around supplied
mandrill B three times”. The template design might be adjustable. At each
adjustment setting, the proper instructions are shown. Surgical templates may
also aid in the selection of the proper location and in the creation of the bone
well for the implanted signal processing portion including amplifier and telemetry
unit.

[0164] Also described are tunneling tools and a surgical procedure that
allows safe tunneling of the electrode array from the placement site of the
amplifier and telemetry package to the array implantation site. An array cover
710 protects the array 200 from damage, debris, blood, and other fluids during
handling in the operating room, tunneling under the skin, wire bundle
manipulation before array insertion and possibly during insertion.

[0165] Templates can be used for one or more of the following functions:
determine amplifier/telemetry package location; determine skull groove location
and shape for the wire bundle; trace the opening and aid in creation of recess
using a drill; check the created recess; and combinations thereof. A template
may be added to help during the craniotomy procedure. The materials of choice

for these templates are stainless steel or titanium.
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[0166] The most delicate features on an electrode implant are the 100
projections containing the electrodes. They are preferably made out of silicon,
are only a few micrometers wide at the tip, and, hence, break easily on contact.
In addition, insertion of and tissue reaction to the implant are negatively affected
by blood and other debris on the electrodes. To minimize these risks, the array
cover 710 is provided to protect the array during surgery. Additional gripping of
the wire bundle close to the array by the protective cover 710 may decrease the
likelihood of damage even further by, for example, providing some resistance to
axial pulling.

[0167] As mentioned hereabove, tunneling of the electrode array from
the amplifier/telemetry package may be necessary to minimize the surgical risks
associated with large incisions and to allow array implantation in any cortical
area ipsilateral to the implanted processing unit portion. The tunneling tools
allow safe tunneling of the array under the skin from the amplifier/telemetry
package to the array implantation site. The tunneling tool set comprises the
following components: a shaft 720, such as a deformable metal shaft, used
during the creation of the tunnel and possibly also used to pull the array in the
cover through; a sleeve 740 to fit around the shaft, such as a wire enforced
elastomeric sleeve or a peel away sleeve, that may serve as a ‘tunnel’ when the
array and cover are pulled through; a detachable shaft tip that may aid in
creating the tunnel and protect the sleeve from contamination. In an exemplary
embodiment, the tunneling tool includes a detachable tip for the shaft that may
allow simplified attachment of the array in the cover.

[0168] The tunneling tools are manufactured in an assembled state:

sleeve 740 on shaft 720 and tunneling tip(s) attached. The maximum outer

87



WO 2006/041738 PCT/US2005/035334

diameter of the tool may typically be 12 mm. The tunneling shaft 720 can be
constructed of various materials such as stainless steel or titanium, and of
various shapes to conform to different skull sizes and shapes. The surgeon may
be able further bend the shaft for more precise tunneling. The sleeve, or sheath,
sheath 740, is made of PTFE or some other flexible material. The maximum
length of the sheath 740 may typically be 20 cm allowing tunneling to any
ipsilateral cortical area. In an exemplary embodiment, sleeve 740 is wire
reinforced to maintain a minimum inside diameter along its length. In another
exemplary embodiment, sleeve 740 is scored along its length to allow sleeve
740 to be peeled into a pair of sheath portions. In another exemplary
embodiment, sleeve 740 remains implanted in the patient.

[0169] As described earlier, several mechanisms can be provided to
attach the array cover either to the shaft 720, a separate tip on the shaft, or the
sleeve 740 of the tunneling tool (see Figure19). These mechanisms may include
the use of magnets, a hook/ring combination, or key-like features on both the
tunneling tool and the array protective cover. Because of limited axial strength of
the wire bundle and the bonds on the back of the array, the array cover 710
should be prevented from getting stuck on its way through the tunnel. The
magnet embodiment provides a means to release the cover when tension
increases. Another embodiment is to remove the shaft 720 from the tunnel and
attach the cover to the sleeve; after which both are pulled through at the same
time.

[0170] Referring now to Fig. 20, a schematic of an exemplary circuit for
an integral impedance measurement device is shown. The ground attached to

the package is switchable between closed and open connection state. The
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system may separately switch every channel on and off. No two channels are
activated at the same time. On every channel, the reference input of the
differential front amplifier is switched separately. The system may include
another set of multiplexers, which can be controlled in parallel with the channel
multiplexer. The reference input to ground may switch and the reference
electrode may be floating.

[0171] To the floating reference electrode input, a frequency generator is
connected through a current limiting resistor. In an exemplary embodiment, the
current is limited to a maximum of 10nA to prevent any damage to stimulation of
patient cells. The frequency generator is preferable operating on two separate
frequencies such as 1 kHz and 500 Hz, enabling the measurement at two points
of the impedance function to diagnose what might be causing a rise or fall in
impedance. The signal generated can be a sine wave or square wave, and can
be divided from a clock signal.

[0172] The diagram of Fig. 20 shows how the configuration of the
switches when set to impedance testing (except the GND-Case disconnection).
The measuring loop is the generator (with one output compared to GND), the
resistor (the resistance the Frequency Generator and Reference electrode), the
reference electrode, input from selected channel, and the input of the differential
amplifier. The amplifier works such that, if one input is grounded, the other may
be on “virtual ground” (high impedance current drain with very low leakage).
This connection closes the loop. The amplifier's output voltage may be
proportional to the current flowing into this “virtual ground”.

[0173] The output voltage is proportional to the input current of the

amplifier:
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Vout =A * 1,
where: Vout is the output voltage,
A is the amplification factor, and
| is the input current.
[0174] In the measurement loop, the current may be:
1= Vgen / (Rimiter + Zref *+ Zetectrode * Zinput),
where: | is the input current to amplifier,
Vgen is the output voltage of frequency generator,
Riimiter limits the maximum current,
Zf is the impedance of reference electrode (which is
very low compared to electrodes),
Zaiecirode 18 the electrode impedance,
Zinput is the additional impedance at the input of
amplifier
(similar to capacitive coupling),

[0175] In the model, if the resistances are set to zero, the current may

be:
| = Vgen / Riimiter-

[0176] This current is set to approximately 10 nA or less to stay below
currents usually used in stimulation procedures, such as neural stimulation
procedures.

[0177] From the equations:

Zejectrode = (Vgen ™ A/ Vout) —( Rimiter + Zinput + Zref)

[0178] In order to perform the impedance measurement, the following

steps are taken: (i) set the channel which you want to measure in the manner
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described above; (i) switch the case GND to a floating condition (disconnected);
(iii) set the frequency generator to 1kHZ; (iv) measure the square wave
amplitude; (v) calculate the impedance using the amplitude of frequency
generator signal and the amplitude of the measured signal. This test may be
performed from a direct command sent to the Control Logic of the implant, either
from the implant itself, or an outside communicating device.

[0179] In an exemplary embodiment, the impedance information is used
to modify one or more parameters or otherwise alter the signal processing, such
as to change the channels being processed or a specific coefficient or other
parameter of that channel, such as a channel whose impedance has increased.
Such automatic, semi-automatic, or manual parameter change is consistent with
the adaptive processing embodiments of the present application. In the case of
an open connection, such as a broken wire or broken projection containing an
electrode, the impedance test can be used to differentiate an electrode not
receiving cellular activity versus a broken connection to that electrode. Electrical
shorts or near shorts can be detected with the impedance testing as well, and in
combination with other tests that can be performed, can create a sophisticated
self diagnostic device. Alternatively or additionally, the impedance test can be
commanded from an external device providing two way communication with the
implanted portion of the processing unit. The external device can be used to
determine the impedance measurements to be taken, and data can be retrieved
from these tests or self-tests of the impedances of the system.

[0180] Numerous methods are provided in the multiple embodiments of
the disclosed invention. A preferred method embodiment includes a method of

selecting a specific device to be controlled by the processed signals of a
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biological interface system. The method comprises the steps of: providing a
biological interface system for collecting multicellular signals emanating from one
or more living cells of a patient and for transmitting processed signals to control
a device. The biological interface system comprises: a sensor for detecting the
multicellular signals, the sensor comprising a plurality of electrodes to allow for
detection of the multicellular signals; a processing unit for receiving the
multicellular signals from the sensor, for processing the multicellular signals to
produce processed signals, and for transmitting the processed signals; a first
controlled device for receiving the processed signals; a second controlled device
for receiving the processed signals; and a selector module that is used to select
the specific device to be controlled by the processed signals.

[0181] It should be understood that numerous other configurations of the
systems, devices, and methods described herein can be employed without
departing from the spirit or scope of this application. It should be understood
that the system includes multiple functional components, such as a sensor for
detecting multicellular signals, a processing unit for processing thé multicellular
signals to produce processed signals, and the controlled device that is controlled
by the processed signals. Different from the logical components are physical or
discrete components, which may include a portion of a logical component, an
entire logical component and combinations of portions of logical components and
entire logical components. These discrete components may communicate or
transfer information to or from each other, or communicate with devices outside
the system. In each system, physical wires, such as electrical wires or optical
fibers, can be used to transfer information between discrete components, or

wireless communication means can be utilized. Each physical cable can be
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permanently attached to a discrete component, or can include attachment
means to allow attachment and potentially allow, but not necessarily permit,
detachment. Physical cables can be permanently attached at one end, and
include attachment means at the other.

[0182] The cellular sensors of the systems of this application can take
various forms, including multiple discrete component forms, such as multiple
penetrating arrays that can be placed at different locations within the body of a
patient. The processing unit of the systems of this application can also be
contained in a single discrete component or multiple discrete components, such
as a system with one portion of the processing unit implanted in the patient, and
a separate portion of the processing unit external to the body of the patient. The
sensors and other system components may be utilized for short term
applications, such as applications less than twenty four hours, sub-chronic
applications such as applications less than thirty days, and chronic applications.
Additional sensors can be incorporated into one or more discrete components of
the system. Sensors can include but are not limited to: a cellular sensor such
as a neural sensor, an EKG sensor, a glucose sensor, a respiratofy sensor; a
blood analysis sensor; an activity or motion sensor; an environmental sensor; a
temperature sensor; a strain gauge, a power monitoring sensor; an
electromagnetic field sensor; a position sensor; an accelerometer; an audio
sensor such as a microphone; a visual sensor such as a photodiode; and
combinations thereof. The signals produced by these sensors can be processed
by the system to produce the controlled device processed signals and
additionally or alternatively be used in one or more system safety, configuration

or performance enhancing routines. These second processed signals can be
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use for one or more of the following: modification of one or more parameters of
the system; cease control of the device; reset the system; modify the control of
the controlled device; control a second controlled device; and combinations
thereof. The sensors external to the patient or implanted, and the signals from
the sensors can be transmitted via wired or wireless means. The sensors can
be integral to an implant separate from the implants of the present invention.
Processing units may include various signal conditioning elements such as
amplifiers, filters, signal multiplexing circuitry, signal transformation circuitry and
numerous other signal processing elements. In an exemplary embodiment, an
integrated spike sorting function is included, such as a minimum amplitude
threshold spike sorting function. The processing units performs various signal
processing functions including but not limited to: amplification, filtering, sorting,
conditioning, translating, interpreting, encoding, decoding, combining, extracting,
sampling, multiplexing, analog-to-digital converting, digital to analog converting,
mathematically transforming and/or otherwise processing cellular signals to
generate a control signal for transmission to a controllable device. Numerous
algorithms, mathematical and software techniques can be utilized by the
processing unit to create the desired control signal. The processing unit may
utilize neural net software routines to map cellular signals into desired device
control signals. Individual cellular signals may be assigned to a specific use in
the system. The specific use may be determined by having the patient attempt
an imagined movement or other imagined state. For most applications, it is
preferred that that the cellular signals be under the voluntary control of the
patient. The processing unit may mathematically combine various cellular

signals to create a processed signal for device control.
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[0183] Other embodiments of the invention may be apparent to those
skilled in the art from consideration of the specification and practice of the
invention disclosed herein. It is intended that the specification and examples be
considered as exemplary only, with a true scope and spirit of the invention being
indicated by the following claims. In addition, where this application has listed
the steps of a method or procedure in a specific order, it may be possible, or
even expedient in certain circumstances, to change the order in which some
steps are performed, and it is intended that the particular steps of the method or
procedure claim set forth herebelow not be construed as being order-specific

unless such order specificity is expressly stated in the claim.
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WHAT IS CLAIMED IS:

1. A biological interface system comprising:

a sensor comprising a plurality of electrodes configured to detect
multicellular signals emanating from one or more living cells of a
patient;

a processing unit configured to receive the multicellular signals from the
sensor, process the multicellular signals to produce processed
signals, and transmit the processed signals to a controlled device;
and

the controlled device configured to receive the processed signals from the
processing unit;

wherein the processing unit includes an implanted portion comprising a
first communication transmitter and a second communication
transmitter, and

wherein the first communication transmitter and the second
communication transmitter ére configured to independently transmit
information to one or more devices external to the patient.

2. The system of claim 1, wherein the first communicétion transmitter
includes an infrared transmitter.

3. The system of claim 2, wherein the second communication transmitter
includes an RF transmitter.

4. The system of claim 1, wherein the first communication transmitter
transmits information at a higher rate than the second communication

transmitter.
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o

10.

1.

12.

13.

The system of claim 4, wherein the first communication transmitter
transmits information used to perform a system configuration.

The system of claim 5, wherein the system configuration is a calibration
procedure.

The system of claim 5, wherein the information is a signal processing
parameter comprising at least one of: amplification; filtering; sorting;
conditioning; translating; interpreting; encoding; decoding; combining;
extracting; sampling; multiplexing; analog-to-digital converting; digital to
analog converting; mathematically transforming and/or otherwise
processing cellular signals to generate a control signal for transmission to
a controllable device; and combinations thereof.

The system of claim 4, wherein the second communication transmitter
transmits the processed signals to the controlled device.

The system of claim 4, wherein the first communication transmitter
transmits information to an external device in close proximity to the
implanted portion of the processing unit.

The system of claim 9, wherein the external device is in contact with the
patient's skin.

The system of claim 9, wherein the second communication transmitter
communicates with a second external device which is located more
distant to the implanted portion than the first external device.

The system of claim 4, wherein the first communication transmitter
requires more power than the second communication transmitter.

The system of claim 4, wherein the first communication transmitter

transmits cellular activity from multiple cells simultaneously.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

The system of claim 4, wherein the second communication transmitter
transmits a time code representation of cellular activity.

The system of claim 14, wherein the representation is a time code of
neuron firing.

The system of claim 1, wherein the second transmitter transmission range
is greater than the first transmitter transmission range.

The system of claim 16, wherein the second transmitter is an RF
transmitter.

The system of claim 16, wherein the first transmitter is an infrared
transmitter.

The system of claim 16, wherein the first transmitter requires more power
than the second transmitter.

The system of claim 1, wherein the external device provides further signal
processing.

The system of claim 1, wherein the external device includes an infrared
receiver.

The system of claim 21, wherein the external device further includes an
infrared transmitter.

The system of claim 21, wherein the external device further includes an
RF transmitter.

The system of claim 1, wherein the external device includes an RF
receiver.

The system of claim 24, wherein the external device further includes an

RF transmitter.
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26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

The system of claim 24, wherein the external device further includes an
infrared transmitter.

The system of claim 1, wherein the implanted portion further includes a
wireless power receiving element.

The system of claim 27, wherein the wireless power receiving element
receives inductive power from a device external to the patient.

The system of claim 28, wherein the external device of the system is the
device transmitting the inductive power.

The system of claim 1, wherein the implanted portion further comprises an
integral power supply.

The system of claim 30, wherein the integral power supply is
rechargeable.

The system of claim 1, wherein the implanted portion further comprises a
communication receiver.

The system of claim 32, wherein the communication receiver transmission
is selected from the group consisting of: RF; Infrared; Ultrasound;
Microwave; magnetic; electromagnetic; and combinations thereof.

The system of claim 32, wherein the implanted portion further comprises a
second communication receiver.

The system of claim 34, wherein the first communication receiver is an
infrared communication receiver and the second communication receiver
is an RF communication receiver.

The system of claim 1, further comprising a second external device.
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37.  The system of claim 36, wherein the second external device includes an
information receiver for receiving information from the implanted portion of
the system.

38.  The system of claim 37, wherein the second external device information
receiver is selected from the group consisting of: RF; Infrared; Ultrasound,;
Microwave; magnetic; electromagnetic; and combinations thereof.

39. The system of claim 36, wherein the second external device includes an
information transmitter for transmitting information to an implanted portion
of the system.

40.  The system of claim 39, wherein the information transmitter is selected
from the group consisting of: RF; Infrared; Ultrasound; Microwave;
magnetic; electromagnetic; and combinations thereof.

41.  The system of claim 36, wherein the first external device receives
information when the first external device is at a first location, the first
location proximate to the patient's skull and the second external device
receives information at a second location, the second location more
distant from the patient's skull than the first location.

42.  The system of claim 41, wherein the first location is proximate to one of
the patient's ears.

43. A biological interface system comprising:

a first sensor comprising a plurality of electrodes configured to detect
multicellular signals emanating from one or more living cells of a
patient;

a second sensor configured to detect an additional parameter;
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44,

45.

46.

47.

48.

49.

50.

51.

a processing unit configured to receive the multicellular signals from the
first sensor and to process the multicellular signals to produce
processed signals, the processing unit including an implanted portion;
and

the controlled device configured to receive the processed signals from the
processing unit;

wherein the implanted portion receives signals from the second sensor.

The system of claim 43, wherein the second sensor is implanted within

the patient.

The system of claim 44, wherein the second sensor is contained within

the implanted portion of the processing unit.

The system of claim 43, wherein the implanted portion includes a coil for

receiving power from an external device, wherein the second sensor

monitors the receiving of power.

The system of claim 43, wherein the second sensor is a temperature

sensor.

The system of claim 47, wherein the second sensor is implanted within

the patient.

The system of claim 48, wherein the second sensor is contained within

the implanted portion of the processing unit.

The system of claim 48, wherein the second sensor measures the

temperature of tissue of the patient.

The system of claim 43, wherein in sensor is selected from the group

consisting of: a cellular sensor such as a neural sensor, an EKG sensor, a

glucose sensor, a respiratory sensor; a blood analysis sensor; an activity
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52.

53.

54.

55.

56.

o7.

or motion sensor; an environmental sensor; a temperature sensor; a
strain gauge, a power monitoring sensor; an electromagnetic field sensor;
a position sensor; an accelerometer; an audio sensor such as a
microphone; a visual sensor such as a photodiode; and combinations
thereof.

The system of claim 43, wherein the signals from the second sensor are

used to produce the processed signals received by the controlled device.

The system of claim 43, wherein the signals from the second sensor are

transmitted to the controlled device.

The system of claim 43, wherein the signals from the second sensor are

transmitted to a device external to the patient.

The system of claim 54, wherein the device external to the patient is the

controlled device.

The system of claim 43, wherein the signals from the second sensor are

transmitted to a device implanted within the patient.

A biological interface system comprising:

a sensor comprising a plurality of electrodes configured to detect
multicellular signals emanating from one or more living cells of a
patient;

a processing unit configured to receive the multicellular signals from the
sensor and to process the multicellular signals to produce processed
signals, the processing unit comprising an impedance analysis device
for measuring thé impedance of an electrical path between one or
more of the sensor electrodes and a separate location; and

the controlled device configured to receive the processed signals.

102



WO 2006/041738 PCT/US2005/035334

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

The system of claim 57, wherein the separate location is a patient ground
reference.

The system of claim 57, wherein the separate location is a system ground
reference.

The system of claim 57, wherein the separate location is a second
electrode.

The system of claim 57, further comprising an automatic impedance
check automatically initiated by a component of the system.

The system of claim 61, wherein the initiation occurs on a periodic basis.
The system of claim 61, wherein the component is an implanted portion of
the signal processing unit.

The system of claim 57, wherein the impedance analysis device produces
impedance information.

The system of claim 64, wherein the impedance information is transmitted
to an external device.

The system of claim 64, wherein the impedance information causes a
signal processing parameter to be modified.

The system of claim 66, wherein the modified signal procéssing
parameter causes the discontinuation of processing of data received from
one or more specific electrodes.

The system of claim 66, wherein the modified signal processing
parameter causes the discontinuation of processing of data received from
a specific electrical pathway.

A biological interface system comprising:
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70.

a sensor comprising a plurality of electrodes configured to detect
multicellular signals emanating from one or more living cells of a
patient;

a processing unit configured to receive the multicellular signals from the
sensor and to process the multicellular signals to produce processed
signals, the processing unit comprising an electronic module for
processing signals; and

a controlled device configured to receive the processed signals;

wherein the electronic module includes first electrostatic discharge
protection circuitry which prevents electrostatic discharge energy from
damaging one or more components of the electronic module; and

wherein the electronic module further includes second electrostatic
discharge protection circuitry which prevents electrostatic discharge
energy from damaging tissue of the patient.

A cellular access system comprising:

a sensor for placing multiple electrodes in close proximity to living cells
below a tissue surface of a patient, the sensor comprising:

a base of material having a top surface and a bottom surface;

a plurality of elongate projections mounted to the base and extending
from the bottom surface of the base, one or more of the projections
including at least one electrode along its length;

a signal connector linked with the electrodes for providing electrical
connection to each of the electrodes; and

a protective cap which is configured to protect one or more of the

projections from damage;
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71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

wherein the mounting pattern of the projections defines a periphery, and
the base further includes a flange portion extending radially outward
from at least a portion of the mounting pattern periphery; and

wherein the protective cap engages with the flange portion.

The sensor of claim 70, wherein the base is constructed of a rigid

material.

The sensor of claim 70, wherein the base is constructed of a flexible

material.

The sensor of claim 70, wherein the base includes flexible and rigid

portions.

The sensor of claim 70, wherein the top surface of the base includes

conductive pads which provide an electrical connection to each of the

electrodes.

The sensor of claim 70, wherein at least one projection is tapered.

The sensor of claim 70, wherein at least one projection does not include

an electrode.

The sensor of claim 76 wherein the projection that does not include an

electrode is used to anchor the sensor to tissue of the patient.

The sensor of claim 70, wherein at least one projection includes a

conductive material and an insulating material.

The sensor of claim 70, wherein a first projection is separated from a

second projectibn my insulating material.

The sensor of claim 70, wherein at least one projection has an electrode

at its distal end.
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81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

01.

92.

The sensor of claim 70, wherein at least one projection has multiple
electrodes.

The sensor of claim 81, wherein the at least one projection includes a
serial electrical connection with the multiple electrodes.

The sensor of claim 81, wherein each electrode includes an independent
electrical connection.

The system of claim 70, wherein a first projection has a different
geometric shape than a second projection.

The system of claim 70, wherein a first projection has a different length
than a second projection.

The system of claim 70, wherein at least one electrode receives one or
more cellular signals.

The system of claim 70, wherein at least one electrode transmits signals.
The system of claim 87, wherein the signal transmitted stimulates one or
more living cells of the patient.

The system of claim 70, wherein at least one projection comprises a
conductive pathway along a majority of its length.

The system of claim 89, wherein the conductive pathway is surrounded by
an insulating material.

The system of claim 70, wherein the signal connector is linked with the
electrodes for providing electrical connection to each of the electrodes
individually.

The system of claim 70, wherein the protective cap protects one or more
of the projections during: manufacturing; shipment; sterilization; the

surgical procedure; the craniotomy; tunneling of the base and projections
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93.

94.

95.

96.

97.

98.

99.

100.

under the skin; insertion of one or more projection into tissue; and

combinations thereof.

The system of claim 92, wherein the protective cap protects one or more

of the projections during a tunneling procedure from a first opening in the

scalp of the patient to a second opening in the scalp of the patient.

The system of claim 92, wherein the protective cap protects one or more

of the projections during a tunneling procedure from an opening in the

scalp of the patient to an opening below the neck of the patient.

The system of claim 70, wherein the flange includes at least one flat

electrode.

The system of claim 95, wherein at least one flat electrode is on the

bottom surface of the base.

The system of claim 70, wherein the protective cap frictionally engages

the flange of the base.

The system of claim 70, wherein the protective cap magnetically engages

the flange of the base.

The system of claim 70, wherein the protective cap engages two opposing

sides of the base.

The system of claim 70, further comprising a wire bundle comprising:

a proximal end and distal end; and

at least one filamentous insulated conductor;

wherein the proximal end of the wire bundle is attached to the base and
the multiple filamentous conductors are electrically connected to the

electrodes.
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101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

The system of claim 100, wherein the wire bundle is surrounded by an
outer covering.

The system of claim 101, wherein the outer covering is a flexible sheath.
The system of claim 101, wherein the outer covering is an elastomeric
compound.

The system of claim 101, wherein the outer covering loosely surrounds
the at least one filamentous conductor.

The system of claim 101, wherein the outer covering tightly surrounds the
at least one filamentous conductor.

The system of claim 100, comprising multiple filamentous conductors.
The system of claim 100, wherein the protective cover is mechanically
attached to a portion of the wire bundle.

The system of claim 100, wherein the wire bundle has a connector on its
distal end.

The system of claim 108, wherein the connector is configured to mate
with a receptacle implanted under the skin of the patient.

The system of claim 100, wherein the wire bundle distal end is attached to
a transcutaneous pedestal connector.

The system of claim 110, wherein the transcutaneous pedestal connector
comprises: |

a first portion which is above the surface of the skin of the patient;

a second portion which is beneath the surface of the skin of the patient;
attachment member for securing the second portion under the surface of

the skin of the patient; and
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112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

at least one signal communication port, the port providing signal transport
to or from one or more electrodes.

The system of claim 100, wherein the wire bundle distal end is attached to

a second implant.

The system of claim 112, wherein the second implant includes signal

processing circuitry for processing multicellular signals received from the

multiple electrodes of the sensor.

The system of claim 100, wherein at least a portion of the wire bundle is

resiliently flexible.

The system of claim 114, wherein the wire bundle is resiliently flexible

along a majority of its length.

The system of claim 100, wherein at least a portion of the wire bundle is

plastically deformable.

The system of claim 116, wherein the wire bundle is plastically

deformable along a majority of its length.

The system of claim 100, further comprising one or more templates used

to position the wire bundle.

The system of claim 118, wherein the positioning includes creating a

groove in the skull of the patient.

The system of claim 118, wherein the templates provides instructions

used by an operator to plastically deform the wire bundle into a shape.

The system of claim 120, wherein the wire bundle is plastically deformed

by one or more of: bending; twisting; winding and stretching.

The system of claim 118, wherein the template is adjustable.
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123. The system of claim 100, further comprising a winding tool for forming the
wire bundle into one or more shapes.

124. The system of claim 123, further comprising a template for indicating the
number of turns to wind the wire bundle.

125. The system of claim 123, wherein the winding tool is used to create one
or more bends in the wire bundle.

126. The system of claim 123, wherein the winding tool includes at least one
projection about which the wire bundle is wound.

127. The system of claim 126, wherein the winding tool includes multiple
cylindrical projections.

128. The system of claim 70, further comprising an insertion tool for inserting
the projections into tissue of the patient.

129. The system of claim 128, wherein the tissue is brain tissue.

130. The system of claim 128, wherein the tissue is peripheral nerve tissue.

131. The system of claim 128, wherein the insertion tool mechanically
connects to the protective cover during insertion.

132. The system of claim 128, wherein the inserter mechanically attaches to
the base of the sensor.

133. The system of claim 128, wherein the inserter is mechanically attached to
the sensor during the insertion process.

134. The system of claim 70, further comprising a tunneling device for passing
the sensor under the skin of the patient.

135. The system of claim 134, further comprising a flexible sheath which is

placed under the skin after which the sensor is passed therethrough.
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136.

137.

138.

139.

140.

141.

142.

The system of claim 135, wherein the flexible sheath includes separation

means for dividing the sheath into a pair of peelable sheath portions

The system of claim 135, wherein the flexible sheath is wire reinforced.

The system of claim 135, wherein the flexible sheath remains implanted in

the patient.

The system of claim 134, wherein the tunneling device attaches to the

sensor utilizing one or more of: magnets; hooks; frictional engagement

means; Velcro; and combinations thereof.

The system of claim 134, wherein the tunneling device attaches to the

sensor via one or more of: the base; the protective cover; a wire bundle

attached to the sensor; or combinations thereof.

The system of qlaim 134, wherein the tunneling device has a detachable

tip.

A cellular access system for implanting in a patient, comprising:

a sensor comprising a plurality of electrodes to allow for chronic access of
cells comprising;

a base of material having a top surface and a bottom surface;

a plurality of elongate projections mounted to the base and extending
from the bottom surface of the base, one or more of the projections
including at least one electrode along its length; and

a signal connector linked with the electrodes for providing electrical
connection to each of the electrodes; and

an elongate electrical conduit comprising a bundle of filamentous
conductors, one end of each of the filamentous conductors electrically

connected to the signal connector of the sensor;
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wherein the electrical conduit includes at least one fixation point along its
length.

143. The system of claim 142, comprising multiple fixation points along the
length of the electrical conduit. |

144. The system of claim 143, wherein the fixation points are separated by a
relatively equivalent distance.

145. A cellular access system for implanting in a patient, comprising:

a sensor for placing multiple electrodes in close proximity to living cells
below a tissue surface, comprising:

a base of material having a top surface and a bottom surface,

a plurality of elongate projections mounted to the base and extending
from the bottom surface of the base, one or more of the projections
including at least one electrode along its length; and

a signal connector linked with the electrodes for providing electrical
connection to each of the electrodes; and

a planar electrical conduit comprising a plurality of- conductors, each
conductor electrically connected to the one or more conductive pads
of the sensor;

wherein the planar electrical conduit includes an expandable portion along
its length.

146. The system of claim 145, wherein the expandable portion comprises
multiple bends, folds or pleats in the planar electrical conduit.

147. A cellular access system for implanting in a patient comprising:
a sensor for placing multiple electrodes in close proximity to living cells

below a tissue surface, the sensor comprising:
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148.

149.

a base of material having a top surface and a bottom surface, the top
surface including a pattern of electrical conductors;

a plurality of elongate projections mounted to the base and extending
from the bottom surface of the base, one or more of the projections
including at least one electrode along its length; and

a signal connector linked with the electrodes for providing electrical
connection from each of the electrodes to the pattern of electrical
conductors on the top surface of the base; and

a planar electrical conduit including a proximal end and a distal end, and
comprising a plurality of conductors;

wherein the planar electrical conduit includes on its proximal end a pattern
of conductors, the pattern matching and being electrically connected
to the pattern of conductors on the top surface of the base of the
sensor.

The system of claim 147, wherein the planar electrical conduit distal end

is attached to a transcutaneous pedestal connector.

The system of claim 148, wherein the transcutaneous pedestal connector

comprises:

a first portion which is above the surface of the skin of the patient;

a second portion which is beneath the surface of the skin of the patient;

an attachment member for securing the second portion under the surface
of the skin of the patient; and

at least one signal communication port, the port providing signal transport

to or from one or more electrodes.
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150.

151.

152.

153.

154.

155.

156.

157.

The system of claim 147, wherein the planar electrical conduit distal end

is attached to an implantable connector.

The system of claim 147, wherein the planar electrical conduit distal end

is attached to an implantable signal processing device.

The system of claim 151, further comprising a connector addition kit.

The system of claim 152, wherein the connector addition kit includes: a

device configured to sever the planar electrical conduit; a connector

configured to make electrical connection with each of the planar electrical

conduits conductors; a crimp device for attaching the connector to the

planar electrical conduit.

The system of claim 153, wherein the-planar electrical conduit is severed

near its distal end.

The system of claim 147, wherein the planar electrical conduit distal end |

is attached to an implantable stimulator.

An inserter for implanting an electrode array in a biological tissue,

comprising:

a casing having first and second ends and enclosing a chamber;,

a piston disposed within the casing and slidable between a first and a
second position;

a piston actuator operably associated with the piston for urging the piston
to the second position; and

a piston attachment member for attaching the piston to the electrode array
to be implanted.

The system of claim 156, wherein the piston moves from the first position

to the second position in a non-continuous motion.
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158. The system of claim 157, wherein the non-continuous motion includes two
discrete steps.

159. The system of claim 157, wherein the non-continuous motion includes
multiple steps.

160. The system of claim 157, wherein the piston accelerates from the first
position to an intermediate position and the piston decelerates from the
intermediate position to the second position.

161. The system of claim 156, wherein the piston is configured be placed to
apply a non-zero force on the top of the electrode array prior to actuating
the piston.

162. The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
multicellular signals include neural signals.

163. The system of claim 70, or claim 142 or claim 145 or claim 147, wherein
the cellular access includes neural signal access.

164. The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
processing unit further comprises a power supply.

165. The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
processing unit further comprises an implanted inductive coil for receiving
power from a device external to the patient.

166. The system of claim 165, wherein the inductive coil converts received
electromagnetic signals to power.

167. The system of claim 166, wherein the inductive coil additionally receives
electromagnetic data signals.

168. The system of claim 165, wherein the inductive coil converts received

electromagnetic signals to data.
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169.

170.

171.

172.

173.

174.

175.

The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
processing unit performs one or more of: amplification; filtering; sorting;
conditioning; translating; interpreting; encoding; decoding; combining;
extracting; sampling; multiplexing; analog-to-digital converting; digital to
analog converting; mathematically transforming and/or otherwise
processing cellular signals to generate a control signal for transmission to
a controllable device.

The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
processing unit includes one or more of: a temperature sensor; a pressure
sensor; a strain gauge; an accelerometer; a volume sensor; an electrode;
an array of electrodes; an audio transducer; a mechanical vibrator; a drug
delivery device; a magnetic field generator; a photo detector element; a
camera or other visualization apparatus; a wireless communication
element; a light producing element; an electrical stimulator; a physiologic
sensor; a heating element and a cooling element.

The system of claim 1 or claim 43 or claim 57 or claim 69, further
comprising a second controlled device.

The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
system is a neural interface system.

The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
system is a brain machine interface.

The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
system provides a therapeutic benefit.

The system of claim 174, wherein the therapeutic benefit is a treatment

for one or more of: obesity, an eating disorder, a neurological disorder, a
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176.

177.

178.

179.

180.

181.

psychiatric disorder, a cardiovascular disorder, an endocrine disorder,
sexual dysfunction, incontinence, a hearing disorder, a visual disorder, a
sleeping disorder, a movement disorder, a speech disorder, physical
injury, migraine headaches and chronic pain.

The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
system provides a patient diagnosis.

The system of claim 176, wherein the patient diagnosis is a diagnosis of
one or more of: obesity, an eating disorder, a neurological disorder, a
psychiatric disorder, a cardiovascular disorder, an endocrine disorder,
sexual dysfunction, incontinence, a hearing disorder, a visual disorder,
sleeping disorder, a movement disorder, a speech disorder, physical
injury, migraine headaches and chronic pain.

The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
system restores a patient function.

The system of claim 178, wherein the patient function is one or more of:
vision, hearing, speech, communication, limb motion, limb motion,
ambulation, reaching, grasping, standing, rolling over, bowel movement
and bladder evacuation.

The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
system is configured to be turned on or off by a patient with a monitored
biological signal.

The system of claim 180, wherein the monitored biological signal is
generated by one or more of eye motion, eyelid motion, facial muscle, or

other electromyographic activity.
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182. The system of claim 180, wherein the monitored biological signal is a time
code of brain activity.

183. The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
multicellular signals emanate from the central nervous system of the
patient.

184. The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
multicellular signals emanate from a single cell of the patient.

185. The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
multicellular signals comprising one or more of: neuron spikes,
electrocorticogram signals, local field potential signals and
electroencephalogram signals

186. The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
electrodes detect the multicellular signals from clusters of neurons and
provide signals between single neuron and electroencephalogram
recordings.

187. The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
processing unit is for assigning at least one cellular signal to a specific
use.

188. The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
processing unit is for using at least one cellular signal generated under
voluntary control of a patient.

189. The system of claim 1 or claim 43 or claim 57 or claim 69 or claim 70 or
claim 142 or claim 145 or claim 147, wherein the patient is a human

being.
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190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

The system of claim 1 or claim 43 or claim 57 or claim 69 or claim 70 or
claim 142 or claim 145 or claim 147, wherein the patient is one or more of:
a quadriplegic, a paraplegic, an amputee, a spinal chord injury victim and
a physically impaired person.

The system of claim 1 or claim 43 or claim 57 or claim 69 or claim 70 or
claim 142 or claim 145 or claim 147, wherein the patient is healthy and or
otherwise is not utilizing the system to provide a therapeutic or restorative
function.

The system of claim 191, wherein the controlled device is a piece of
medical equipment.

The system of claim 192, wherein the medical equipment is used to
perform a surgical event.

The system of claim 191, wherein the controlled device is a
communication device.

The system of claim 194, wherein the communication device transmits
different pieces of information simultaneously.

The system of claim 191, wherein the controlled device is a piece of
equipment with controllable moving parts.

The system of claim 196, wherein the equipment is used to evacuate
personnel.

The system of claim 196, wherein the equipment is used to diffuse a
bomb.

The system of claim 196, wherein the equipment is used to provide a

military defense function.
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200.

201.

202.

The system of claim 196, wherein the equipment is one or more of:
watercraft, aircraft, land vehicle and reconnaissance robots.

The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
controlled device is one or more of the group consisting of: a computer, a
computer display, a mouse, a cursor, a joystick, a personal data assistant,
a robot or robotic component, a computer controlled device, a
teleoperated device, a communication device or system, a vehicle such
as a wheelchair, an adjustable bed, an adjustable chair, a remote
controlled device, a Functional Electrical Stimulator device or system, a
muscle stimulator, an exoskeletal robot brace, an artificial or prosthetic
limb, a vision enhancing device, a vision restoring device, a hearing
enhancing device, a hearing restoring device, a movement assist device,
medical therapeutic equipment such as a drug delivery apparatus,
medical diagnostic equipment such as epilepsy monitoring apparatus,
other medical equipment such as a bladder control device, a bowel
control device and a human enhancement device, closed loop medical
equipment and other controllable devices applicable to patients with some
form of paralysis or diminished function as well as any device that may be
utilized under direct brain or thought control in either a healthy or
unhealthy patient.

The system of claim 1 or claim 43 or claim 57 or claim 69 or claim 70 or
claim 142 or claim 145 or claim 147, wherein the sensor includes at least
one multi-electrode array, the multi-electrode array including a plurality of

electrodes.
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203.

204.

205.

206.

207.

208.

2009.

210.

211.

The system of claim 202 wherein the array is a ten by ten array of
electrodes.

The system of claim 202, wherein the plurality of electrodes are
configured to penetrate into neural tissue of the brain to detect electric
signals generated from neurons.

The system of claim 202, wherein the multi-electrode array includes at
least one of a recording electrode, a stimulating electrode, and an
electrode having recording and stimulating capabilities.

The system of claim 202, wherein the array includes multiple projections
extending from a surface and one or more projections include at least one
electrode along its length.

The system of claim 206, wherein one or more projections include no
electrodes.

The system of claim 206, wherein one or more projections include
anchoring means.

The system of claim 202, wherein the sensor further comprises a second
multi-electrode array.

The system of claim 1 or claim 43 or claim 57 or claim 69 or claim 70 or
claim 142 or claim 145 or claim 147, wherein the sensor includes multiple
wires or wire bundle electrodes.

The system of claim 1 or claim 43 or claim 57 or claim 69 or claim 70 or
claim 142 or claim 145 or claim 147, wherein the sensor includes
electrodes incorporated into one or more of: a subdural grid, a scalp

electrode, a wire electrode and a cuff electrode.
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212.

213.

214.

215.

216.

217.

218.

219.

220.

The system of claim 1 or claim 43 or claim 57 or claim 69 or claim 70 or
claim 142 or claim 145 or claim 147, wherein the electrodes comprise
wires and the sensor comprises a wire bundle.

The system of claim 1 or claim 43 or claim 57 or claim 69 or claim 70 or
claim 142 or claim 145 or claim 147, wherein the sensor includes two or
more discrete components.

The system of claim 213, wherein each of the discrete components
includes one or more electrodes.

The system of claim 214, wherein each of the discrete components is
comprised of one or more of the following: a multi-electrode array, a wire
or wire bundle; a subdural grid and a scalp electrode.

The system of claim 1 or claim 43 or claim 57 or claim 69 or claim 70 or
claim 142 or claim 145 or claim 147, wherein the electrodes detect
multicellular signals for less than twenty-four hours.

The system of claim 1 or claim 43 or claim 57 or claim 69 or claim 70 or
claim 142 or claim 145 or claim 147, wherein the electrodes chronically
detect multicellular signals.

The system of claim 1 or claim 43 or claim 57 or claim 69 or claim 70 or
claim 142 or claim 145 or claim 147, wherein the sensor further comprises
signal processing circuitry.

The system of claim 1 or claim 43 or claim 57 or claim 69 or claim 70 or
claim 142 or claim 145 or claim 147, wherein the sensor transmits the
multicellular signals through a wireless connection.

The system of claim 219, wherein the sensor transmits wirelessly to a

receiver mounted on the skull of the patient.
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221. The system of claim 1 or claim 43 or claim 57 or claim 69 or claim 70 or
claim 142 or claim 145 or claim 147, wherein the sensor further comprises
a coil for power transmission to the sensor.

222. The system of claim 1 or claim 43 or claim 57 or claim 69 or claim 70 or
claim 142 or claim 145 or claim 147, wherein the plurality of electrodes
are capable of recording from clusters of neurons and outputting detected
signals comprising multiple neuron signals.

223. The system of claim 222, wherein detected signals are a measure of the
local field potential response from neural activity.

224. The system of claim 222, wherein the multiple neuron signals comprise
one or more of: electrocorticogram signals, local field potentials,
electroencephalogram signals and peripheral nerve signals.

225. The system of claim 1 or claim 43 or claim 57 or claim 69 or claim 70 or
claim 142 or claim 145 or claim 147, wherein one or more of the plurality
of electrodes is capable of detecting a plurality of neuron signals.

226. The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
processing unit includes an integrated neuron spike sorting function.

227. The system of claim 226, wherein the neuron spike sorting function
classifies spikes with a minimum amplitude threshold.

228. The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
processing unit includes an element to amplify the multicellular signals.

229. The system of claim 228, wherein the signals are amplified by a gain of at

least eighty.

123



WO 2006/041738 PCT/US2005/035334

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
processing unit utilizes neural net software routines to map neural signals
into the processed signals for control of the controlled device.

The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
processing unit assigns one or more cellular signals to a specific use.
The system of claim 231 wherein the specific use is determined by the
patient attempting an imagined movement or other imagined state.

The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
processing unit utilizes one or more cellular signals that is under voluntary
control of the patient.

The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
processing unit utilizes two or more cellular signals that are
mathematically combined to create the processed signals.

The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
processing unit is for using a cellular signal from a neuron whose signal is
separated from other nearby neurons.

The system of claim 235, wherein the processing unit is for separating
signals by spike discrimination methods.

The system of claim 236, wherein the spike discrimination methods sort
spikes by a minimum amplitude threshold.

The system of claim 1 or claim 43 or claim 57 or claim 69, wherein the
processing unit is for converting an analog signal that represents a
cellular signal to a digital signal.

The system of claim 238, wherein the monitored biological signal is

processed by the processing unit to produce a second processed signal.
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240.

241.

242.

243.

244.

245.

246.

247.

248.

249,

250.

The system of claim 239, wherein the second processed signal is used to
control the controlled device.

The system of claim 239, wherein the second processed signal is used to
modify one or more parameters of the system.

The system of claim 239, wherein the second processed signal is used to
stop control of the controlled device.

The system of claim 239, wherein the second processed signal is used to
reset the system.

The system of claim 1 or claim 43 or claim 57 or claim 69, further
comprising a permission routine, wherein the permission routine requires
approval of an operator wherein one or more integrated parameters of the
system is modified.

The system of claim 244, wherein the permission routine limits parameter
modifications to specific operators.

The system of claim 245, further comprising an approved operator list.
The system of claim 245, wherein permission to modify individual
integrated parameters are linked to specific operators. |

The system of claim 245, wherein a specific operator is permitted to
approve modification of a parameter within a range of values.

The system of claim 248, wherein the range of values is controlled by a
second operator.

The system of claim 244, wherein the permission routine includes multiple

levels including permissions for muitiple operators.
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251. The system of claim 250, wherein a first operator controls a first set of one
or more integrated parameters and a second operator controls a second
set of one or more integrated parameters.

252. The system of claim 251, wherein the first set of parameters includes one
or more different parameters than the second set of parameters.

253. The system of claim 1 or claim 43 or claim 57 or claim 69, further
comprising an interrogation function which interrogates the system and
retrieves information stored therein.

254. The system of claim 253, wherein an analysis is performed on the
retrieved information and an output is produced which recommends
modifications to be made to at least one of the integrated parameters.

255. The system of claim 253, wherein prior to implementing a modification,
the permission routine checks one or more of: username, password, and
I[P address.

256. The system of claim 253, wherein the permission routine includes a
confirmation of modifications prior to implementing a modification.

257. The system of claim 1 or claim 43 or claim 57 or claim 69, further
comprising an adaptive processing routine.

258. The system of claim 257, wherein the adaptive processing routine
includes changing over time the type or combination of types of signals
processed.

259. The system of claim 258, wherein the types of signals processed include
one or more of EEG signals, ECoG signals, LFP signals and neural

spikes.
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260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

The system of claim 1 or claim 43 or claim 57 or claim 69, further
comprising a configuration system for calibrating the multicellular signals.
The system of claim 260, wherein the configuration system is capable of
being activated by a biological signal.

The system of claim 260, wherein the configuration system includes a set
of movements for configuration.

The system of claim 260, wherein the configuration system includes a
video monitor.

The system of claim 260, wherein the configuration system includes a set
of movements for configuration and the video monitor is capable of
displaying a selected movement.

The system of claim 264, wherein the movements displayed are from a
patient's perspective.

The system of claim 260, wherein the configuration system is capable of
correlating the selected movement with a cellular signal obtained from
tracking the selected movement.

The system of claim 260, wherein the configuration system is capable of
correlating an integrated parameter relating to the selected movement
with a cellular signal obtained from tracking the selected movement.

The system of claim 267, wherein the parameter is one or more of a
position, a velocity or an acceleration.

The system of claim 260, wherein the configuration system includes a set
of movements for configuration and the video monitor is capable of

displaying a simulation of a selected movement.
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270.

271.

272.

273.

274.

275.

276.

The system of claim 269, wherein the simulation of selected movements
is displayed from the patient's perspective.

The system of claim 1 or claim 43 or claim 57 or claim 69, further
comprising a patient feedback module.

The system of claim 271, wherein the patient feedback module includes
one or more of: an audio transducer, a tactile transducer, a visual
transducer, a video display, and an olfactory transducer.

The system of claim 271, wherein the patient feedback module includes a
stimulator, and a one or more neurons are stimulated to cause movement
or sensation in a part of the patient's body.

The system of claim 1 or claim 43 or claim 57 or claim 69, further
comprising a drug delivery system, wherein the processing unit sends a
signal to the drug delivery system to deliver a therapeutic agent or drug to
at least a portion of the patient's body.

The system of claim 1 or claim 43 or claim 57 or claim 69 or claim 70 or
claim 142 or claim 145 or claim 147, further comprising an embedded
identifier.

The system of claim 275, wherein the embedded identifier is used to

confirm compatibility of one or more discrete components of the system.
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