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(37 ABSTRACT

The present disclosure relates to an electrical connector for
providing signal isolation between various components of a
physiological monitoring system. In an embodiment, the
electrical connector is placed between a sensor and associated
monitoring system and includes a physical barrier and induc-
tive components.
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MEGNETIC ELECTRICAL CONNECTOR
FOR PATIENT MONITORS

PRIORITY CLAIM

[0001] This application claims the benefit of priority under
35 U.S.C. §119(e) of the following U.S. Provisional Patent
Application No. 61/387,426, titled “Magnetic Electrical Con-
nector For Patient Monitors,” filed on Sep. 28, 2010, and
incorporates that application by reference herein in its
entirety.

REFERENCE TO RELATED APPLICATIONS

[0002] This applicationisrelated to U.S. Provisional Patent
Application No. 61/387,457, titled “Depth of Consciousness
Monitor Including Oximeter,” filed on Sep. 28, 2010, and
incorporates that application by reference herein in its
entirety.

FIELD OF THE DISCLOSURE

[0003] The present disclosure relates to the field of patient
monitoring devices. More specifically, the disclosure relates
to electrical connectors for patient monitors adapted to mea-
sure blood analyses through optical noninvasive sensots.

BACKGROUND OF THE DISCLOSURE

[0004] Electric potentials evoked within a living subject are
often sensed with electrodes or assemblies of multiple elec-
trodes placed on the surface of a subject’s or patient’s body. In
many clinical applications, the electric potentials acquired by
the electrodes are processed, displayed, and/or recorded by
instruments located remotely from the body. In such cases,
the electrodes or electrode assemblies communicate with the
remote instruments through connecting wires and cables of
suitable length from the subject to the instrument.

[0005] While the foregoing electrodes are frequently
designed to be disposable after use on a single subject, the
cables and wires are generally intended to be reused multiple
times. The electrodes often include terminals, connectors, or
similar assemblies by which they can be detachably con-
nected to the wires and/or cables. The contact surfaces at the
points of connection may be subject to contamination, corro-
sion, or the like, they may cause unreliable connections, or
degrade the quality of the bioelectric potentials, which are
usually of very low voltage levels. The foregoing connections
also may be subject to the ingress of fluids and any fluids
entering a connector may degrade its performance. Addition-
ally, many electrical connectors include traditional male and
female mechanically matable components where at least one
side often includes a cavity, recess, or the like. The cavity or
recessed mechanical structures may trap biological contami-
nants making cleaning and sterilization difficult. Such diffi-
culties may be exacerbated if the cable or wire is used on
multiple subjects.

[0006] In addition to the foregoing, cables and wires lead-
ing from the patient to an instrument also present technical
challenges regarding signal integrity. The capacitance
between the wires of'a given cable may present an undesirable
electrical loading on the electrodes. Also, when flexed, cables
may evoke triboelectric potentials, which may interfere with
the signals of interest. Moreover, cables or wire may pick up
electromagnetic interference, which may also degrade the
signals of interest.
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[0007] Often, for safety and signal integrity reasons, an
instrument which acquires the electrode potentials generally
has its inputs electrically isolated from ground, as well as
from other circuits which may contact other parts of the
subject. However, a long cable may create significant capaci-
tance to ground, as well as to adjacent cables, at least in part
defeating that isolation. The foregoing may lead to signal
degradation, often in the form or reduced common-mode
rejection. This drawback may be exacerbated where electro-
surgical and related RF devices are employed in a subject.
[0008] Embodiments of the present disclosure seek to over-
come some or all of these and other problems.

SUMMARY OF THE DISCLOSURE

[0009] Based on at least the foregoing, the present disclo-
sure seeks to overcome some or all of the drawbacks dis-
cussed above and provide additional advantages over any
prior technologies. For example, some or all of the foregoing
drawbacks may advantageously be mitigated by signal isola-
tion very near the electrodes, such that the electrodes are
buffered and/or isolated from the effects of the cable and
wiring. In general, designers of electrical components will
recognize from the disclosure herein several modalities that
accomplish electric signal isolation, including for example,
magnetic, optical, or radiofrequency links, and capacitive
coupling. An example of magnetic isolation is a transformer
having primary and secondary windings separated by an insu-
lating barrier. An optocoupler is an example of an optical
isolation device, in which light from an intensity-modulated
source passes through an insulating barrier and impinges on a
photodetector, which recovers the original modulating signal.
A modulated radio transmitter and demodulating receiver are
still another example of a signal isolation device.

[0010] Inan embodiment where the physical separation is
large compared to a wavelength of the radio frequency, elec-
tromagnetic wave propagation is an operative coupling
mechanism. In an embodiment where the transmitter and
receiver are located in very close proximity, near-field cou-
pling may be operative. In an embodiment, near-field cou-
pling may be established magnetically by coils having mutual
inductance yet insulated from each other, or may be estab-
lished electrostatically by a small capacitance present across
an insulating barrier between the transmitter and receiver
circuits. A designer will recognize from the disclosure herein
still and other methods. In an embodiment, the near field
coupling mechanisms may also be used in conjunction with
designs which are not strictly radiofrequency carriers. For
example, the ISO721 and related devices, manufactured by
Texas Instruments of Dallas, Tex., transmit digital signals
across an insulating barrier by means of sensing pulse edges
coupled through the tiny capacitance existing across the bar-
riet.

[0011] Inanembodiment, a device designer can use signal
isolation to potentially establish a point of physical discon-
nection at the location of the insulating barrier. This may
allow the designer to create an electrical connector with fewer
or no exposed conductive parts. For example, in an embodi-
ment, a transformer may have appropriate electrical charac-
teristics to couple with the signal provided by a pair of elec-
trodes on a subject’s body. In an embodiment, the primary
winding of this transformer may advantageously be a dispos-
able electrode assembly placed near or on a patient. The cable
leading to the instrument could be equipped with a secondary
coil. Connection of the cable to the electrode assembly would
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be accomplished by bringing the coils into physical proxim-
ity, such that they are magnetically coupled, forming a trans-
former. Tt is noteworthy that this connection may have fewer
or no exposed conductive parts, may be made immune or
resistant to the ingress of liquids, and may be designed to be
free from small cavities that would entrap biological materi-
als, each reducing the risk of contamination and improving
the efficiency and effectiveness of sterilization and signal
coupling.

[0012] Inanembodiment, a device designer can use a sys-
tem for isolation of electrical components of a physiological
monitoring system that comprises a sensor for detecting an
indication of a physiological parameter, a patient monitoring
system for displaying information transmitted from the sen-
sor, an instrument cable connecting the sensor and the patient
monitoring system, a sensor cable connecting the sensory
components of the sensor to the instrument cable and a signal
isolation coupling located along the sensor cable. This system
could utilize an EEG sensor, a pulse oximeter, or a combina-
tion cerebral oximeter and EEG forehead sensor. The EEG
forehead sensor may include a disposable portion that con-
tains an EEG electrode cable connecting a set of EEG elec-
trodes to the sensor cable. The EEG electrode cable may
include a signal isolation coupling which may include an
insulating barrier, or inductive components, for example,
transformers. In some embodiments, the cerebral oximeter
may be reusable.

[0013] A device designer may use a forechead sensor for
isolation of electrical components of the sensor that includes
at least one sensory component for detecting an indication of
a physiological parameter of a patient, a sensor cable con-
nected to the at least one sensory component for providing
power and communication to the at least one sensory com-
ponent, and a signal isolation coupling along the sensor cable.
The atleast one sensory component may bea plurality of EEG
electrodes, a cerebral oximeter or pulse oximeter.

[0014] Inanembodiment,a device designer can use a com-
bination cerebral oximeter and EEG forehead sensor for iso-
lation of electrical components that includes a reusable por-
tion containing cerebral oximetry sensory components
capable of detecting the cerebral oxygenation of matter inside
the cerebral cavity, a disposable portion containing EEG elec-
trodes capable of detecting electrical activity on a patient’s
skin, a disposable cable connecting the EEG electrodes to the
reusable portion, and a signal isolation coupling connecting
the disposable cable to the reusable portion. The sensor’s
signal isolation coupling may completely surround the signal
isolation coupling to allow easy cleaning of the signal isola-
tion coupling.

[0015] For purposes of summarizing the disclosure, certain
aspects, advantages and novel features of the disclosure have
been described herein. Of course, it is to be understood that
notnecessarily all such aspects, advantages or features will be
embodied in any particular embodiment of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The drawings are provided to illustrate embodi-
ments of the disclosures described herein and do not limit the
scope thereof.

[0017] FIG. 1A-1E illustrate various patient monitoring
devices communicating with optical sensors over cabling and
through connections where signal isolation is preferred,
according to embodiments of the present disclosure.
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[0018] FIG. 2A illustrates a simplified block diagram of an
embodiment of a pulse oximetry unit, according to the present
disclosure.

[0019] FIGS. 2B-2C llustrate simplified block diagrams of
embodiments of a brain oximetry unit, according to the
present disclosure.

[0020] FIGS. 3A-3E illustrate various embodiments of sig-
nal isolation coupling, according to the present disclosure.
Forexample, FIGS. 3A-3B illustrate a cross-sectional view of
an embodiment of the signal isolation coupling including a
transformer and separation barriers, according to the present
disclosure. FIGS. 3C-3E illustrate various circuit diagrams of
an embodiment of the signal isolation coupling including a
transformer, according to the present disclosure.

[0021] FIGS. 4A-4B illustrate circuit diagrams of a signal
isolation connection including a modulator according to an
embodiment of the present disclosure.

[0022] FIGS. 5A-5D illustrate circuit diagrams of a signal
isolation connection including amplification of the bio-po-
tential signals according to an embodiment of the present
disclosure.

[0023] FIGS. 6-7 illustrate circuit diagrams of a signal 1s0-
lation connection employing alternate power sources accord-
ing to an embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0024] The present disclosure is generally related to signal
couplings. In an embodiment, in order to provide an electrical
coupling with fewer exposed conductors, and which reduces
the ingress of liquids and entrapment of biological materials,
an isolation connection is provided utilizing inductance and a
physical gap between the conductors of the coupling. In an
embodiment, a variety of medical devices could utilize a
signal isolation connection between, among other places a
sensor or other component interacting with a patient’s body
and the main instrument. For example, a device designer
could implement a signal isolation component between a
pulse oximeter and pulse oximetry sensor, an electroencepha-
logram “EEG” and the EEG electrodes, an electrocardio-
graph “BCG” and the ECG electrodes, acoustic throat sensors
and a respiratory monitor, a temperature probe and a ther-
mometer, and other medical devices with elements that come
into close contact with a patient’s body.

[0025] FIGS. 1A-1E illustrate various embodiments of
medical devices that may incorporate a signal isolation cou-
pling as disclosed herein. FIG. 1A illustrates an embodiment
of a combination cerebral oximeter and EEG forehead sensor
120 connected by an instrument cable 150 to a conventional
pulse oximeter 130. In this embodiment, a signal isolation
coupling 140 could be implemented along the instrument
cable 150, between the connection of the forehead sensor to
the instrument cable 160 and the patient electrodes and sen-
sors 170, or the like.

[0026] Inan embodiment, the combination EEG and cere-
bral oximetry forehead sensor 120 may utilize both dispos-
able and reusable components. For example, the disposable
portion may advantageously include components near a mea-
surement site surface (the patient’s skin), including, for
example, an EEG, a temperature sensor, tape, adhesive ele-
ments, positioning elements, or the like. The reusable portion
may advantageously include more expensive or other com-
ponents, circuitry and/or electronics. Although the reusable
portion may still include time-of-use restrictions for quality
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control, it may be used multiple times for a single patient,
across different patients, or the like. The reusable components
may include, for example, cerebral oximetry components,
pulse oximetry components and other components to mea-
sure other various parameters.

[0027] Inanembodiment, the connection that connects the
disposable portion and the reusable portion of the sensor 120
may be a signal isolation coupling 140 as disclosed herein.
The signal isolation coupling 140 could be implemented at
any point along either or both of a cable 150 connected to the
disposable portion of the sensor 120 and/or a cable 150 con-
nected to a reusable portion of the sensor 120. In one embodi-
ment, the disposable portion of the sensor 120 has a cable 150
connected to it, which in turn has an isolation coupling 140
that connects or communicates with a second cable 150 con-
nected to the reusable portion of the sensor 120. The connec-
tion on the cable 150 connected to the reusable portion of the
sensor 120 could be at any location along the cable 150
including the connection with the reusable portion of the
sensor 120 or the connection to a main cable 150 that inter-
faces with a medical instrument, such as, for example, an
oximeter, a respiration monitor, a blood pressure monitor, or
the like.

[0028] Inanembodiment, a portion of the sensor 120 may
communicate with or transmit power with another portion of
the sensor 120 or any wire or other electrical connection
leading to the signal processing and conditioning unit 190
through a signal isolation coupling 140 as disclosed herein. In
an embodiment, the signal isolation coupling 140 could
include an inductance connection with transformers embed-
ded near the surface of each half of the connector that are
housed by an insulator, for example, plastic. In an embodi-
ment, the two halves of the connector could then be brought in
close contact and be removably connected in place to provide
a data communication, power connection, or the like.

[0029] FIGS. 1B-1E illustrate various additional embodi-
ments of monitoring devices utilizing a finger clip sensor 200
and an instrument, such as, for example, a pulse oximeter 130.
In an embodiment, a signal isolation coupling 140 may be
implemented in these embodiments in various places along an
instrument cable 150 connecting the sensor 120 to the instru-
ment, or in other positions.

[0030] FIG. 2A illustrates a block diagram of a pulse
oximeter system 210. In an embodiment, a signal isolation
coupling 140 may be integrated into the system between, for
example, the detectors 235 and the front-end interface 220,
the emitter 230 and the front end interface 220, the front end
interface 220 and the signal processor 240, the signal proces-
sor 240 and the network interface 250, or any other part of the
system that may benefit from a signal isolation coupling 140.
FIG. 2B illustrates an embodiment of a block diagram of a
patient monitoring system 260 that includes a pulse oximeter
130, a brain oximetry unit (signal processing and condition-
ing) 190 for processing and conditioning signals from various
sensors, and a variety of sensors 120 for detecting various
physiological parameters of a patient. Illustrated are S,0,,
EEG, temperature, and brain oximetry sensors 120.

[0031] Inanembodiment,the sensors 120 may have a front
end 220 associated with the sensor 120 included with the
brain oximetry unit 190 for controlling the data and power
flow between the processor 240 of the brain oximetry unit 190
and the various sensors 120. The front ends 220 communicate
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drive signals to the various sensors 120 and transmit and/or
condition data or signals received from and detected by the
sensors 120.

[0032] In an embodiment, a signal isolation coupling 140
may be implemented in various places on the patient moni-
toring system 260. For example, the signal isolation coupling
140 may be implemented between any of the sensors 120 and
its corresponding front end 220, any of the front ends 220 and
the processor 240 on the brain oximetry unit 190, between the
brain oximetry unit 190 and the conventional pulse oximeter
130, or any other suitable location.

[0033] FIG. 2C illustrates an embodiment similar to FIG.
2B including wireless communication with various sensors
120 and between a brain oximetry unit 190 and a monitoring
station 260, such as a multiple patient monitoring system or
multiple parameter monitoring systen.

[0034] FIGS. 3-7 illustrate embodiments of signal isolation
coupling 140 that may optionally be implemented for various
couplings in a medical instrument. In an embodiment, the
signal isolation coupling 140 may be achieved through vari-
ous means including magnetic, optical, radiofrequency links
and capacitive coupling. In an embodiment, the magnetic
isolation could be a transformer. In another embodiment, an
optical coupler could be used for an optical isolation device,
in which light from an intensity modulated source passes
through an insulating barrier and impinges on a photodetector
or other light detector, which recovers the original modulat-
ing signal.

[0035] Inanotherembodiment, a modulated radio transmit-
ter and demodulation receiver may be implemented to pro-
vide a signal isolation coupling 140. In an embodiment where
the physical separation is large compared to the wavelength of
the radio frequency, electromagnetic wave propagation may
be used to provide a coupling connection. In another embodi-
ment, when the transmitter and receiver are located in close
proximity, near-field coupling may be used to provide a con-
nection. Inan embodiment, near-field coupling may be estab-
lished magnetically by coils having mutual inductance but
insulated from each other, or electrostatically by a small
capacitance present across an insulating barrier between the
transmitter and receiver circuits. The near field coupling
mechanisms may also be used in conjunction with schemes
which are not strictly radiofrequency carriers. For example,
the 1SO721 and related devices, manufactured by Texas
Instruments (Dallas, Tex., USA), transmit digital signals
across an insulating barrier by means of sensing pulse edges
coupled through the tiny capacitance existing across the bar-
rier.

[0036] FIG. 3A illustrates an embodiment of a signal iso-
lation coupling 140 connecting the reusable portion 270 and
the disposable portion 280 of the combination EEG and cere-
bral oximetry forehead sensor 120 disclosed herein. The reus-
able portion 270 and disposable portion 280 of the sensor 210
each have a portion including signal isolation coupling 140
components 290, including transformers to provide an induc-
tance connection. FIG. 3A-3B illustrate an embodiment of
the signal isolation coupling 140 with a physical separation
between the conductive components.

[0037] In an embodiment, an insulating barrier 300 sepa-
rates the inductive electrical components 290 and provides
physical separation between them. In an embodiment, the
signal isolation components 290, for example, the transform-
ers, are able to establish an electrical connection across the
insulating barrier 300 and physical separation through induc-
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tance of the coils. In an embodiment, the insulating barrier
300 provides a connection with fewer or no exposed conduc-
tive parts, and insulation of the conductive components by an
appropriate electrical insulating material known in the art. In
an embodiment, the insulation of the conductive components
and reduced exposure of conductive parts allows the connec-
tion to be resistant to the ingress of liquids, and may be
designed to be free from small cavities that would entrap
biological materials.

[0038] In an embodiment, the primary winding 310 of the
transformer of the signal isolation coupling 140 could be
incorporated in the disposable portion 280 of the sensor 120
or other part of a sensor 120 near the patient interface. As
illustrated in FIG. 3A the secondary coil 320 could be
included in the reusable portion 270 of the sensor 120 or the
instrument cable 150 leading to another medical instrument.
In this embodiment, the electrical coupling between the
patient interface side and instrument side of the signal isola-
tion coupling 140 could be accomplished by bringing the
coils into physical proximity, such that they would be mag-
netically coupled, forming a complete transformer.

[0039] Inanother embodiment, the connection between the
reusable portion 270 of the sensor and the cable 150 leading
to the instruments, for example the brain oximetry unit 190,
conventional pulse oximeter 130 and/or other patient moni-
toring station 260 may be an optical isolation component.
[0040] FIG. 3B illustrates an embodiment of the signal
isolation connection 140 with several signal isolation com-
ponents 290. In one embodiment, the several signal isolation
components 290 may be a multitude of transformers placed
appropriately to allow the conductors of the primary 310 and
secondary coils 320 to be in close proximity with an insulat-
ing barrier 300 physically separating the components and
preventing direct physical contact between the conductive
components of the signal isolation coupling 140.

[0041] Although the physical connection is isolated, the
two components may be removably held in proximity to one
another through a wide variety of attachment mechanisms,
including magnetic, straps with catches, Velcro, matable
mechanical components, press fit components, adhesives,
fasteners of all types, wraps, bandages, or the like. In an
embodiment, the proximity mechanism advantageously pro-
vides a serilizable environment having a reduced number of
cavities or the like that may trap contaminants. In an embodi-
ment, the proximity mechanism is entirely disposable.
[0042] A signal isolation coupling 140 utilizing transform-
ers may take on several embodiments, exemplary embodi-
ments of which are illustrated in FIGS. 3C-3D. For example,
the signal isolation coupling 140 may include of a pair of
planar coils, where establishing connection of the electrode
assembly to the cable includes bringing the coils into prox-
imity face-to-face. An embodiment of this construction is
shown in FIG. 3C where the primary coils 310 and secondary
planar coils 320 have terminals labeled P and S respectively.
The dotted line represents the insulating barrier 300 between
the coils, and is also the division along which coils may be
separated when the signal isolation coupling 140 is
decoupled.

[0043] FIG. 3D illustrates an embodiment of a cross-sec-
tion of a transformer with a pair of co-axial solenoid coils.
The heavy dotted line represents the insulating barrier 300
between the coils, and is also the division along which the
coils may be separated when the signal isolation coupling 140
is decoupled. In an embodiment, an electrical connection may
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be established by inserting one coil within the other, and
disconnected by drawing the coils apart. In either of these
embodiments, a magnetic core may be added to enhance the
coupling already present between the coils. FIG. 3E illus-
trates an embodiment in which the primary coils 310 and
secondary coils 320 are not oriented so as to be coupled
directly. In this embodiment, a separable magnetic core may
be provided to couple the coils when the two parts are brought
in proximity of each other.

[0044] Bio-potential signals often have low frequencies,
often less than about 1 Hz, and tend to be sourced from fairly
high impedances. In an embodiment, coupling a signal of this
nature may require a transformer having relatively large
inductance. A further challenge is that bio-potential signals
tend to have relatively small amplitudes, in the millivolt or
microvolt range. A transformer configured to pass signals
with such characteristics may tend to act as a pickup coil for
stray magnetic fields in the vicinity of the subject, such as
mains-frequency magnetic fields. In an embodiment, how-
ever, various devices may convert the bio-potential signal into
a form more suitable for passing through a practical separable
transformer or other separable isolation device before passing
the signals through the signal isolation coupling 140. In an
embodiment, this may be accomplished by adding various
electronic circuits to the electrode assembly.

[0045] One such embodiment of an electrical system
designed to condition a bio-potential signal for passing
through a signal isolation coupling 140 utilizing transformers
includes a modulator circuit to convert the low-frequency
bio-potential signal into a high frequency signal, better suited
to be passed through a small and practical separable trans-
former. In one form of this embodiment, a pair of separable
transformers is used, as seen in FIG. 4A. In this embodiment,
the electrode assembly 340 including the electrodes E has
been equipped with a modulator 330 and one winding each of
the transformers T1 and T2. In an embodiment, the trans-
former T1 passes a carrier frequency excitation from the
instrument cable 150 to the electrode assembly. The modula-
tor 330 may then modulate this carrier frequency with the
bio-potential signal applied at the electrodes E. The modu-
lated signal is then passed back to the instrument cable
through the transformer T2. Both transformers may be of any
of the separable forms described herein or other suitable
transformers known in the art from the disclosure herein, such
that the electrode assembly 340 may be detached from the
instrument cable 150 along the dotted line. In embodiments
where multiple bio-potential signal channels are involved, a
single excitation transformer may be used to serve all chan-
nels. The modulator 330 may include of a simple circuit,
having no power supply, other than the carrier signal itself.
Examples of these suitable modulators 330 would be modu-
lators using diode or transistor switches in any of the many
circuit configurations well known in the art from the disclo-
sure herein of constructing modulator and mixer circuits.
FIG. 4B illustrates one exemplary modulator 330 circuit
topology employing MOSFET switches. This circuit pro-
vides simplicity and economy of cost and is readily adaptable
to a disposable electrode assembly. However, other embodi-
ments of modulator 330 are possible, and with the application
of integrated circuit technology, may be made suitably com-
pact and inexpensive for practical use.

[0046] Another embodiment utilizes a single separable
transformer to address the difficulties of bio-potential signals.
In this embodiment, the electrode assembly 340 includes a
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parametric modulator circuit connected to the secondary coil
of the separable transformer. In an embodiment, the paramet-
ric modulator may include of diodes, varactor diodes, or other
non-linear devices which change impedance as a function of
the bio-potential signals. The bio-potential signal may be
observed by measuring the impedance reflected through the
separable transformer when an excitation is applied to the
transformer’s primary coil. In another embodiment, the para-
metric modulator may generate a harmonic or sub-harmonic
of the excitation signal, the amplitude of this harmonic or
sub-harmonic being modulated by the bio-potential signal,
and being observable at the primary side of the separable
transformer.

[0047] In an embodiment, as discussed herein, the bio-
potential signals may be a relatively small amplitude, and it
thus may be advantageous to amplify these signals before
passing them into the modulator 330 or other similar circuit.
lustrated in FIG. 5A is an embodiment of an amplification
circuit designed to be applied to a modulation circuit or
directly to a transformer circuit. Shown is the transformer T1
equipped with a rectifier 350, which provides a DC supply
voltage to the sensor 120 or other instrumentation device.
This voltage supplies an amplifier 360, which amplifies the
bio-potential signal acquired by the electrodes E. In an
embodiment, the amplified signal is then applied to the modu-
lator 330, which returns a modulated signal to the instrument
cable 150 by means of the transformer T2.

[0048] However, as apower supply voltage is now available
to the modulator 330, it may have an expanded scope of
operation as compared to the embodiment illustrated in FIGS.
4A-4B. For example, it may modulate the carrier frequency
supplied through T1, as before. However, it may develop its
own, different carrier frequency, and may use any manner of
various modulation schemes, such as amplitude, phase, or
frequency modulation. In an embodiment, it may include an
analog to digital converter, digital signal processing, and
other functions and circuits, such that its output is a digital
representation of the original bio-potential signal. This digital
representation may be coupled directly through the trans-
former T2 or may be modulated, by any of the various means
known in the art, on a carrier signal before being passed
through the transformer T2.

[0049] In other embodiments of the signal isolation cou-
pling 140, the transformer T2 may be replaced with other
types of devices. For example, the receiving coil of the trans-
former T2 may be replaced with some other suitable magnetic
sensor, such as a GMR device. In another embodiment, the
receiving coil of the transformer T2 may be replaced with
some coupling device(s) not operating on a magnetic prin-
ciple. For example, FIG. 5B illustrates the use of an optical
coupling scheme, where the modulator 330 drives an LED or
other optical light source 390, the radiation from which
impinges on the photodetector PD which is integrated into the
instrument cable 150. The dotted line indicates the insulating
barrier 300 and the physical separation of the signal isolation
coupling 140. In an embodiment, the material of the insulat-
ing barrier 300 may be substantially transmissive of the radia-
tion of the light source 390.

[0050] Inthe caseofan optical link, the modulator 330 may
not be necessary, since the optical link can be designed to
have adequate low frequency response, such that the base-
band bio-potential signal can be directly passed. In another
embodiment, as illustrated in FIG. 5C, an electrostatic cou-
pling is created using the capacitance between small coupling
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conductors 370 placed on opposite sides of the insulating
barrier 300. In anocther embodiment, the modulator 330
includes an antenna 380 to transmit its output and/or receive
input instructions, as seen in FIG. 5D. The radiated signal
may be received either by an antenna Al located in close
proximity in the instrument cable connector 140, or by an
antenna A2 located remotely, such as within a remote patient
monitoring station 260. In this latter case, in an embodiment,
the instrument cable 150 may be used to supply power to the
electronics within the electrode assembly 340, while the
return of the bio-potential is transmitted wirelessly.

[0051] In the embodiment shown in FIGS. 5A-5D it is
possible to operate the system without the transformer T1 and
the rectifier 350. In an embodiment, the disposable portion
280 of the sensor 120 may operate only for a short period of
time, such as for the duration of a particular medical proce-
dure. In another embodiment, where long term monitoring of
the bio-potential signal may be desired, the electrodes may
have a finite lifetime, for example, due to drying out and
similar chemical effects. Therefore, the power supplied by the
transformer T1 and the rectifier 350 may instead be obtained
from a small battery imbedded, for example, in the disposable
portion 280 of the sensor 120. By the use of suitable low
power electronic design techniques, balanced with appropri-
ate selection of the battery type, sufficient battery life for
many limited-time applications of the disposable portion 280
of the sensor 120 can be obtained. The coupling modalities
illustrated in the various parts of FIGS. 5A-5D may also be
adapted to battery operation. However, some have lower
power requirements than others, and therefore may be better
suited to particular intended service durations.

[0052] Intheembodiments illustrated in the various parts of
FIGS. 5A-5D, with either transformer or battery power, mul-
tiple channels of bio-potential signals obtained from addi-
tional electrodes may be multiplexed through a single cou-
pling device of any of the types illustrated.

[0053] Asillustrated in FIG. 6, it is possible to avoid the use
ofabattery while using a single coupling device for the signal
isolation coupling 140. In an embodiment, the transformer T1
may serve as the coupling device. In this embodiment, the
primary coil 310 and secondary coil 320 of the transformer T1
may be equipped with 3-port networks Np and Ns respec-
tively. These are duplexing networks, which allow the power
and modulated data to pass independently in opposite direc-
tions through the transformer T1. For example, in an embodi-
ment, where the modulator 330 uses a carrier frequency
higher than the power frequency, the networks would take the
form of filters having high pass and low pass ports. In that
embodiment, the networks Ns would extract the power
through the low-pass port and apply it the rectifier 350. The
modulator 330 would feed its output back through the high-
pass port. Also, the network Np would apply power through
its low-pass port and extract the modulator 330 signal through
the high-pass port. Note that the modulated signal may be
either an analog or digital representation of the bio-potential
signal. Further, note that multiple bio-potential channels,
from additional electrodes, may be multiplexed in either ana-
log or digital format through the single transformer.

[0054] FIG. 7 illustrates another embodiment of a signal
isolation coupling 140 which duplexes both power and signal
through a single transformer. Shown is the output of the
modulator 330 being used to operate a load device. In an
embodiment, the load device then presents a variable load to
the DC power developed by the rectifier 350, in response to
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the modulated output. In FIG. 7, this is represented as tran-
sistor Q. The modulator 330 output is therefore reflected on
the power supply current passed through the transformer T1,
and may be recovered by monitoring this current. For
example, an impedance Z placed in the power excitation
circuit will develop a voltage representative of the modulator
signal. Note that this is possible to eliminate the modulator
330, and apply the amplified baseband bio-potential signal to
Q. In this embodiment, the supply current becomes modu-
lated with the baseband signal, and impedance Z recovers an
AM modulated voltage representative of the original biopo-
tential signal. In an alternate embodiment, the load device
maybe designed to be operated with an AC voltage.

[0055] Although the foregoing disclosure has been
described in terms of certain preferred embodiments, other
embodiments will be apparent to those of ordinary skill in the
art from the disclosure herein. Additionally, other combina-
tions, omissions, substitutions and modifications will be
apparent to the skilled artisan in view of the disclosure herein.
Accordingly, the present disclosure is not intended to be
limited by the reaction of the preferred embodiments, but is to
be defined by reference to the appended claims.

[0056] Inanembodiment, a device designer can use a sys-
tem for isolation of electrical components of a physiological
monitoring system that comprises a sensor for detecting an
indication of a physiological parameter, a patient monitoring
system for displaying information transmitted from the sen-
sor, an instrument cable connecting the sensor and the patient
monitoring system, a sensor cable connecting the sensory
components of the sensor to the instrument cable and a signal
isolation coupling located along the sensor cable. This system
could utilize an EEG sensor, a pulse oximeter, or a combina-
tion cerebral oximeter and EEG forehead sensor. The EEG
forehead sensor may include a disposable portion that con-
tains an EEG electrode cable connecting a set of EEG elec-
trodes to the sensor cable. The EEG electrode cable may
include a signal isolation coupling which may include an
insulating barrier, or inductive components, for example,
transformers. In some embodiments, the cerebral oximeter
may be reusable.

[0057] A device designer may use a forchead sensor for
isolation of electrical components of the sensor that includes
at least one sensory component for detecting an indication of
a physiological parameter of a patient, a sensor cable con-
nected to the at least one sensory component for providing
power and communication to the at least one sensory com-
ponent, and a signal isolation coupling along the sensor cable.
The atleast one sensory component may be a plurality of EEG
electrodes, a cerebral oximeter or pulse oximeter.

[0058] Inanembodiment,a device designer can use a com-
bination cerebral oximeter and EEG forehead sensor for iso-
lation of electrical components that includes a reusable por-
tion containing cerebral oximetry sensory components
capable of detecting the cerebral oxygenation of matter inside
the cerebral cavity, a disposable portion containing EEG elec-
trodes capable of detecting electrical activity on a patient’s
skin, a disposable cable connecting the EEG electrodes to the
reusable portion, and a signal isolation coupling connecting
the disposable cable to the reusable portion. The sensor’s
signal isolation coupling may completely surround the signal
isolation coupling to allow easy cleaning of the signal isola-
tion coupling.

[0059] Additionally, all publications, patents, and patent
applications mentioned in this specification are herein incor-
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porated by reference to the same extent as if each individual
publication, patent, or patent application was specifically and
individually indicated to be incorporated by reference.

What is claimed is:

1. A system for isolation of electrical components of a
physiological monitoring system comprising:

a sensor for detecting an indication of a physiological

parameter;

a patient monitoring system for displaying information
transmitted from the sensor;

an instrument cable connecting the sensor and the patient
monitoring system;

a sensor cable connecting the sensory components of the
sensor to the instrument cable; and

a signal isolation coupling located along the sensor cable.

2. The system for isolation of electrical components
between components of a physiological monitoring system of
claim 1 wherein the sensor is an EEG sensor.

3. The system for isolation of electrical components of a
physiological monitoring system of claim 1 wherein the sen-
sor is a pulse oximeter.

4. The system for isolation of electrical components of a
physiological monitoring system of claim 1 wherein the sen-
sor is a combination cerebral oximeter and EEG forehead
Sensor.

5. The system for isolation of a electrical components of a
physiological monitoring system of claim 4 wherein the EEG
forehead sensorincludes a disposable portion that contains an
EEG electrode cable connecting a set of EEG electrodes to the
sensor cable.

6. The system for isolation of electrical components of a
physiological monitoring system of claim 5 wherein EEG
electrode cable includes a signal isolation coupling.

7. The system for isolation of electrical components of a
physiological monitoring system of claim 5 wherein the cere-
bral oximeter is reusable.

8. The system for isolation of electrical components of a
physiological monitoring system of claim 1 wherein the sig-
nal isolation coupling contains an insulating barrier.

9. The system for isolation of electrical components of a
physiological monitoring system of claim 1 wherein the sig-
nal isolation coupling contains inductive components.

10. The system for isolation of electrical components of a
physiological monitoring system of claim 9 wherein the
inductive components include transformers.

11. A forehead sensor for isolation of electrical compo-
nents of the sensor comprising:

at least one sensory component for detecting an indication
of a physiological parameter of a patient;

a sensor cable connected to the at least one sensory com-
ponent for providing power and communication to the at
least one sensory component; and

a signal isolation coupling along the sensor cable.

12. The forehead sensor for isolation of electrical compo-
nents of the sensor of claim 11 wherein the at least one
sensory component is a plurality of EEG electrodes.

13. The forehead sensor for isolation of electrical compo-
nents of the sensor of claim 11 wherein the at least one
sensory component is a cerebral oximeter or pulse oximeter.

14. The forehead sensor for isolation of electrical compo-
nents of the sensor of claim 12 wherein the signal isolation
coupling contains an insulating barrier.
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15. The forehead sensor for isolation of electrical compo-
nents of the sensor of claim 14 wherein the signal isolation
coupling includes inductive components.

16. A combination cerebral oximeter and EEG forehead
sensor for isolation of electrical components comprising:

a reusable portion containing cerebral oximeter sensor
components capable of detecting the cerebral oxygen-
ation of matter inside the cerebral cavity;

adisposable portion containing EEG electrodes capable of
detecting electrical activity on a patient’s skin;

a disposable cable connecting the EEG electrodes to the
reusable portion; and

asignal 1solation coupling connecting the disposable cable
to the reusable portion.
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17. The combination cerebral oximeter and EEG forehead
sensor of claim 16 wherein the signal isolation coupling
includes an insulating barrier.

18. The combination cerebral oximeter and EEG forehead
sensor of claim 17 wherein the insulating barrier completely
surrounds the signal isolation coupling to allow easy cleaning
of the signal isolation coupling.

19. The combination cerebral oximeter and EEG forehead
sensor of claim 17 wherein the signal isolation coupling
includes inductive components.

20. The combination cerebral oximeter and EEG forehead
sensor of claim 17 wherein the signal isolation coupling
includes transformers.
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