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(57) ABSTRACT

Present embodiments include a remanufactured bandage-
type medical sensor having an optical assembly with an emit-
ter adapted to transmit one or more wavelengths of light and
a photodetector adapted to receive the one or more wave-
lengths of light transmitted by the emitter. The sensor also
includes a laminate assembly having an electrically conduc-
tive adhesive transfer tape (ECATT) layer disposed over the
photodetector, and the ECATT layer is adapted to shield the
photodetector from electromagnetic interference (EMI). A
nonconductive layer suppotts the emitter, the photodetector,
and the ECATT layer within the sensor. At least a portion of
the optical assembly is from a used bandage-type medical
sensor, and at least a portion of the laminate assembly is new.
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REMANUFACTURED MEDICAL SENSOR
WITH FLEXIBLE FARADAY SHIELD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of and claims
priority to U.S. patent application Ser. No. 13/239,681, filed
on Sep. 22, 2011 and entitled “TECHNIQUE FOR
REMANUFACTURING A MEDICAL SENSOR,” which is
incorporated by reference herein in its entirety for all pur-
poses.

BACKGROUND

[0002] The present disclosure relates generally to medical
sensors and, more particularly, to the mitigation of electro-
magnetic interference in such sensors.

[0003] This section is intended to introduce the reader to
various aspects of art that may be related to various aspects of
the present disclosure, which are described and/or claimed
below. This discussion is believed to be helpful in providing
the reader with background information to facilitate a better
understanding of the various aspects of the present disclosure.
Accordingly, it should be understood that these statements are
to be read in this light, and not as admissions of prior art.
[0004] In the field of medicine, doctors often desire to
monitor certain physiological characteristics of their patients.
Accordingly, a wide variety of devices and techniques have
been developed for monitoring physiological characteristics.
Such devices and techniques provide doctors and other
healthcare personnel with the information they need to pro-
vide the best possible healthcare for their patients. As a result,
these monitoring devices and techniques have become an
indispensable part of modern medicine.

[0005] One such monitoring technique is commonly
referred to as pulse oximetry. Pulse oximetry may be used to
measure various blood flow characteristics, such as the blood-
oxygen saturation of hemoglobin in arterial blood and/or the
rate of blood pulsations corresponding to each heartbeat of a
patient. The devices based upon pulse oximetry techniques
are commonly referred to as pulse oximeters. Pulse oximeters
typically utilize a non-invasive sensor that is placed on or
against a patient’s tissue that is well perfused with blood, such
as a patient’s finger, toe, forchead or earlobe. The pulse
oximeter sensor emits light and photoelectrically senses the
absorption and/or scattering of the light after passage through
the perfused tissue. A photo-plethysmographic waveform,
which corresponds to the cyclic attenuation of optical energy
through the patient’s tissue, may be generated from the
detected light. Additionally, one or more physiological chat-
acteristics may be calculated based upon the amount of light
absorbed or scattered. More specifically, the light passed
through the tissue may be selected to be of one or more
wavelengths that may be absorbed or scattered by the blood in
an amount correlative to the amount of the blood constituent
present in the blood. The amount of light absorbed and/or
scattered may then be used to estimate the amount of blood
constituent in the tissue using various algorithms.

[0006] For example, a reflectance-type sensor placed on a
patient’s forehead may emit light into the skin and detect the
light that is “reflected” back after being transmitted through
the forehead tissue. A transmission-type sensor having a ban-
dage configuration may be placed on a finger, wherein the
light waves are emitted through and detected on the opposite
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side of the finger. In either case, the amount of light detected
may provide information that corresponds to valuable physi-
ological patient data. The data collected by the sensor may be
used to calculate one or more of the above physiological
characteristics based upon the absorption or scattering of the
light. For instance, the emitted light is typically selected to be
of one or more wavelengths that are absorbed or scattered in
an amount related to the presence of oxygenated versus de-
oxygenated hemoglobin in the blood. The amount of light
absorbed and/or scattered may be used to estimate the amount
of the oxygen in the tissue using various algorithms.

[0007] The sensors generally include an emitter that emits
the light and a detector that detects the light. The emitter and
detector may be located on a flexible circuit that allows the
sensor to conform to the appropriate site on the patient’s skin,
thereby making the procedure more comfortable for a patient.
During use, the emitter and detector may be held against the
patient’s skin to facilitate the transmission of light through the
skin of the patient. For example, a sensor may be folded about
a patient’s finger tip with the emitter placed proximate and/or
against the finger nail, and the detector placed against the
under side of the finger tip. When fitted to the patient, the
emitted light may travel directly through the tissue of the
finger and be detected without additional light being intro-
duced or the emitted light being scattered.

[0008] The quality and reproducibility of these measure-
ments may depend on a number of factors. The detector and
emitter may include materials to protect measurement signals
from being affected by external static electrical fields, exter-
nal light, electromagnetic interference (EMI), radio fre-
quency interference (RFT), or the like. For example, the
detector may be covered by a metallic Faraday shield to
prevent EMI from interfering with measurement signals pro-
duced at the detector. Similarly, wiring connected to the emit-
ter and the detector (e.g., for transmitting power and/or sig-
nals) may be surrounded by metallic shielding to prevent EMI
from interfering with transmitted measurement signals, and
to prevent crosstalk between wiring. Unfortunately, these
materials can add to the bulkiness and inflexibility of the
sensor, which may be uncomfortable for a patient. Addition-
ally, these shielding materials may be subject to degradation
or breakage, which can result in a loss of overall shielding
efficiency.

SUMMARY

[0009] A summary of certain embodiments disclosed
herein is set forth below. It should be understood that these
aspects are presented merely to provide the reader with a brief
summary of these certain embodiments and that these aspects
are not intended to limit the scope of this disclosure. Indeed,
this disclosure may encompass a variety of aspects that may
not be set forth below.

[0010] Embodiments of the present disclosure relate to the
use of flexible electrically conductive materials within medi-
cal sensors and cables to which medical sensors and devices
may be connected. These conductive materials are adapted to
act as Faraday shields for the mitigation of RFI and EMI in
various circuitry and/or electrical leads of the sensor and
cable. For example, a bandage sensor may include a lami-
nated sensor body having several layers. One layer may be an
electrically conductive adhesive transfer tape (ECATT) layer
disposed about a detector of the sensor to reduce EMURFTI.
The ECATT layer may be used in lieu of a fully metallic (e.g,,
copper) Faraday shield, providing enhanced conformance to
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apatient. As another example, a cable, such as a sensor cable,
may incorporate one or more conductive polymers extruded
or otherwise disposed over one or more wires of the cable,
such as the wires that carry the emitter and/or the detector
signals. The conductive polymers may be used in lieu of
certain metallic shielding jackets, thereby providing
enhanced flexibility and EMI/RFT shielding for the cable.
[0011] Certain embodiments of the present disclosure
relate to methods of remanufacturing used sensors and cables
to produce sensors and cables having the disclosed materials,
or to remove the disclosed materials from the sensors and
cables. For example, various components of a used bandage
sensor may be retained and incorporated into a new bandage
sensor having an ECATT layer as a Faraday shield. Similarly,
various components of a used sensor cable may be retained
and used to construct a new sensor cable having a conductive
polymeric jacket disposed over one or more wires for EMI/
RFI shielding.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Advantages of the disclosed techniques may
become apparent upon reading the following detailed
description and upon reference to the drawings in which:
[0013] FIG. 1 is a perspective view of a medical sensor
system having a bandage sensor with a flexible Faraday
shield, in accordance with an embodiment of the present
disclosure;

[0014] FIG. 2 is a cut away top view of the bandage sensor
of FIG. 1 having an electrically conductive adhesive transfer
tape layer as a Faraday shield for the detector, in accordance
with an embodiment of the present disclosure;

[0015] FIG. 3 is an exploded perspective view of the ban-
dage sensor of FIGS. 1 and 2 illustrating a bandage top
assembly as exploded away from a sensor body of the ban-
dage sensor, in accordance with an embodiment of the present
disclosure;

[0016] FIG. 4 is an exploded perspective view of the ban-
dage sensor of FIG. 2 illustrating the optics of the bandage
sensor and a laminate assembly of the bandage sensor as
exploded away from one another, in accordance with an
embodiment of the present disclosure;

[0017] FIG. 5 is a process flow diagram illustrating an
embodiment of a method for producing a laminate assembly
for inclusion in a bandage sensor, in accordance with an
embodiment of the present disclosure;

[0018] FIG. 6 is a process diagram illustrating an embodi-
ment of a process for producing a roll of the laminate assem-
bly used to produce a plurality of bandage sensors in accor-
dance with an embodiment of the present disclosure;

[0019] FIG. 7 is a process flow diagram illustrating an
embodiment of a method for producing the sensor body of
FIGS. 2 and 3, in accordance with an embodiment of the
present disclosure;

[0020] FIG. 8 is an exploded perspective view of an
embodiment of an electrically conductive adhesive transfer
tape layer and a main nonconductive support layer, in accor-
dance with an embodiment of the present disclosure;

[0021] FIG. 9 is an exploded perspective view of an
embodiment of an electrically conductive adhesive transfer
tape layer and a main nonconductive support layer, in accor-
dance with an embodiment of the present disclosure;

[0022] FIG. 10 is an exploded perspective view of an
embodiment of a first electrically conductive adhesive trans-
fer tape layer coupled to a second electrically conductive
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adhesive transfer tape layer and a main nonconductive sup-
port layer, in accordance with an embodiment of the present
disclosure;

[0023] FIG. 11 is an exploded perspective view of an
embodiment of an electrically conductive adhesive transfer
tape layer and a main nonconductive support layer, the elec-
trically conductive adhesive transfer tape layer having an
optical window, in accordance with an embodiment of the
present disclosure;

[0024] FIG. 12 is an exploded perspective view of an
embodiment of an electrically conductive adhesive transfer
tape layer and a main nonconductive support layer, the elec-
trically conductive adhesive transfer tape layer having an
optical window covered by an additional electrically conduc-
tive adhesive transfer tape layer, in accordance with an
embodiment of the present disclosure;

[0025] FIG. 13 is an exploded perspective view of an
embodiment of an electrically conductive adhesive transfer
tape layer and a main nonconductive support layer, the elec-
trically conductive adhesive transfer tape layer having an
optical grid, in accordance with an embodiment ofthe present
disclosure;

[0026] FIG. 14 is an exploded perspective view of an
embodiment of an electrically conductive adhesive transfer
tape layer and a main nonconductive support layer, the elec-
trically conductive adhesive transfer tape layer having an
optical grid, in accordance with an embodiment ofthe present
disclosure;

[0027] FIG. 15 is an exploded perspective view of an
embodiment of an electrically conductive adhesive transfer
tape layer and a main nonconductive support layer, the elec-
trically conductive adhesive transfer tape layer having an
optical grid, in accordance with an embodiment ofthe present
disclosure;

[0028] FIG. 16 is an exploded perspective view of an
embodiment of an electrically conductive adhesive transfer
tape layer and a main nonconductive support layer, the elec-
trically conductive adhesive transfer tape layer having a
detector-shielding section, a cable termination section, and a
grounding section, in accordance with an embodiment of the
present disclosure;

[0029] FIG. 17 is an exploded perspective view of an
embodiment of an electrically conductive adhesive transfer
tape layer and a main nonconductive support layer, the elec-
trically conductive adhesive transfer tape layer having a
detector-shielding section, a cable termination section, a
grounding section, and an optical window in the detector-
shielding section, in accordance with an embodiment of the
present disclosure;

[0030] FIG. 18 is atop sectional view of an embodiment of
a sensor body having a single strip of electrically conductive
adhesive transfer tape for use as a Faraday shield for the
detector, the transfer tape also serving to terminate a sensor
cable of the sensor at an area proximate the detector, in
accordance with an aspect of the present disclosure;

[0031] FIG. 19 is a top sectional view of an embodiment of
a sensor body having a piece of sectioned electrically con-
ductive adhesive transfer tape for use as a Faraday shield for
the detector, the transfer tape also serving to terminate a
sensor cable of the sensor by connecting to a drain wire at an
area proximate the emitter, in accordance with an aspect of
the present disclosure;

[0032] FIG. 20 is a top sectional view of an embodiment of
a sensor body having a piece of sectioned electrically con-
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ductive adhesive transfer tape for use as a Faraday shield for
the detector, the transfer tape also serving to terminate a
sensor cable of the sensor by connecting to a plurality of cable
termination wires at an area proximate the emitter, in accor-
dance with an aspect of the present disclosure;

[0033] FIG. 21 is atop sectional view of an embodiment of
an unfolded sensor body having an electrically conductive
adhesive transfer tape folded about the detector to shield the
detector, the transfer tape also serving to terminate a sensor
cable of the sensor by connecting to a plurality of cable
termination wires at an area proximate the detector, in accor-
dance with an aspect of the present disclosure;

[0034] FIG. 22 is a process flow diagram illustrating an
embodiment of a method for producing a bandage sensor
having an electrically conductive adhesive transfer tape, in
accordance with an aspect of the present disclosure;

[0035] FIG. 23 is a process flow diagram illustrating an
embodiment of a method for producing a bandage sensor
having an electrically conductive adhesive transfer tape, in
accordance with an aspect of the present disclosure;

[0036] FIG. 24 is a cross-sectional view of the sensor cable
taken along line 16-16 of FIG. 2 and illustrating a main
conductive polymer EMI/RFI shielding jacket and a second-
ary conductive polymer EMI/RFI shielding jacket, in accor-
dance with an aspect of the present disclosure;

[0037] FIG. 25 is a cross-sectional view of the sensor cable
taken along line 16-16 of FIG. 2 and illustrating a main
conductive polymer EMI/RFI shielding jacket and a second-
ary conductive polymer EMI/RFI shielding jacket, the main
and the secondary jackets being in contact with one another,
in accordance with an aspect of the present disclosure;
[0038] FIG. 26 is a process flow diagram illustrating an
embodiment of a method for producing the sensor cable of
either of FIG. 16 or 17, in accordance with an aspect of the
present disclosure;

[0039] FIG. 27 is a cross-sectional view of the sensor cable
taken along line 16-16 of FIG. 2 and illustrating a main fully
metallic EMI/RFT shielding jacket and a secondary conduc-
tive polymer EMI/RFI shielding jacket, in accordance with an
aspect of the present disclosure;

[0040] FIG. 28 is a process flow diagram illustrating an
embodiment of a method for producing the sensor cable of
FIG. 27, in accordance with an aspect of the present disclo-
sure;

[0041] FIG. 29 is a cross-sectional view of the sensor cable
taken along line 16-16 of FIG. 2 and illustrating a main
conductive polymer EMI/RFI shielding jacket and a second-
ary fully metallic EMI/RFI shielding jacket, in accordance
with an aspect of the present disclosure;

[0042] FIG. 30 is a process flow diagram illustrating an
embodiment of a method for producing the sensor cable of
FIG. 29, in accordance with an aspect of the present disclo-
sure;

[0043] FIG. 31 is a process flow diagram illustrating an
embodiment of a general method for remanufacturing a medi-
cal sensor, in accordance with an aspect of the present disclo-
sure;

[0044] FIG. 32 is a process flow diagram illustrating an
embodiment of a method for remanufacturing a bandage sen-
sor to include the laminate assembly of FIG. 4, in accordance
with an aspect of the present disclosure;

[0045] FIG. 33 is a process flow diagram illustrating an
embodiment of a method for remanufacturing a bandage sen-
sor in a manner that replaces a fully metallic Faraday shield
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with an electrically conductive adhesive transfer tape layer, in
accordance with an aspect of the present disclosure;

[0046] FIG. 34 is a process flow diagram illustrating an
embodiment of a method for remanufacturing a bandage sen-
sor in a manner that retains an electrically conducive adhesive
transfer tape layer as a Faraday shield, in accordance with an
aspect of the present disclosure;

[0047] FIG. 35 is a process flow diagram illustrating an
embodiment of'a method for remanufacturing a bandage sen-
sor in a manner that replaces an electrically conductive adhe-
sive transfer tape layer with a fully metallic Faraday shield, in
accordance with an aspect of the present disclosure;

[0048] FIG. 36 is a process flow diagram illustrating an
embodiment of a method for remanufacturing a bandage sen-
sor in a manner that replaces an electrically conductive adhe-
sive transfer tape layer with a fully metallic Faraday shield, in
accordance with an aspect of the present disclosure;

[0049] FIG. 37 is a process flow diagram illustrating an
embodiment of a method for remanufacturing a sensor cable
in amanner thatreplaces a fully metallic EMI/RFI shield with
a conductive polymer, in accordance with an aspect of the
present disclosure;

[0050] FIG. 38 is a process flow diagram illustrating an
embodiment of a method for remanufacturing a bandage sen-
sorina manner that replaces a used sensor cable having a fully
metallic EMI/RFT shield with a sensor cable having at least
one conductive polymer EMI/RFI shield, in accordance with
an aspect of the present disclosure;

[0051] FIG. 39 is a process flow diagram illustrating an
embodiment of a method for remanufacturing a sensor cable
in a manner that replaces a conductive polymer EMI/RFI
shield with a fully metallic EMI/RFI shield, in accordance
with an aspect of the present disclosure;

[0052] FIG. 40 is a process flow diagram illustrating an
embodiment of a method for remanufacturing a bandage sen-
sor in a manner that replaces a used sensor cable having a
conductive polymer EMI/RFI shield with a sensor cable hav-
ing at least one fully metallic EMI/RFT shield, in accordance
with an aspect of the present disclosure; and

[0053] FIG. 41 is a diagrammatical illustration of an
embodiment of a sensor cable having a conductive polymer
EMI/RFI shield coupled to a connector.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0054] One or more specific embodiments of the present
techniques will be described below. In an effort to provide a
concise description of these embodiments, not all features of
an actual implementation are described in the specification. It
should be appreciated that in the development of any such
actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be
made to achieve the developers’ specific goals, such as com-
pliance with system-related and business-related constraints,
which may vary from one implementation to another. More-
over, it should be appreciated that such a development effort
might be complex and time consuming, but would neverthe-
less be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of
this disclosure.

[0055] When introducing elements of various embodi-
ments of the present disclosure, the articles “a,” “an,” and
“the” are intended to mean that there are one or more of the

elements. The terms “comprising,” “including,” and “having”
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are intended to be inclusive and mean that there may be
additional elements other than the listed elements. Addition-
ally, it should be understood that references to “one embodi-
ment” or “an embodiment” of the present disclosure are not
intended to be interpreted as excluding the existence of addi-
tional embodiments that also incorporate the recited features.
Also, as used herein, the term “over” or “above” refers 10 a
component location on a sensor that is closer to patient tissue
when the sensor is applied to the patient. For example, a
bandage portion of a bandage sensor may be understood to be
“over” or “above” the emitter or detector of the sensor, as will
be described below.

[0056] As noted above, the present embodiments relate to
bandage sensors and cables (e.g., sensor cables) incorporat-
ing ECATT layers and/or electrically conductive polymers
for EMI/RFI shielding. For example, the ECATT layers and/
or the electrically conductive polymers may be adapted to
serve as Faraday shields. Such bandage sensors and cables
may be entirely constructed from new materials (i.e., materi-
als that have not been incorporated into a medical sensor), or
may be constructed using some new components as well as
components taken from one or more used sensors. For
example, a bandage sensor may include an adhesive bandage
portion disposed over a laminated body housing various elec-
tronic components. The adhesive bandage portion and the
laminated body may be configured to wrap around a digit
(e.g., a finger or a toe) of a patient. By way of example, the
MAX-A™ pulse oximeter sensor or another OXI-MAXT™
sensor by Nellcor Puritan Bennett LLC represents one such
bandage sensor, but other types of sensors, such as those used
for measuring water fraction, hematocrit, BIS, etc., may ben-
efit from the techniques disclosed herein as well. An example
system incorporating such a bandage sensor is discussed with
respect to FIG. 1, with various features of the bandage sensor,
such as the ECATT Faraday shield, being discussed with
respect to FIGS. 2-4.

[0057] These bandage sensors are generally known to be
one-time-use medical sensors that may be disposed after use
by one patient. Though disposable, some components of
these used bandage sensors and the cables associated there-
with may be employed in the construction of bandage sensors
incorporating various features disclosed herein, such as an
ECATT layer and/or an electrically conductive polymer.
Example methods for making bandage sensors from new
and/or used components are discussed with respect to FIGS.
5-23 and 31-36. Indeed, as discussed in greater detail below,
such components may include, for example, a cable, an emit-
ter and detector, and, in some embodiments, various layers
that surround the emitter and detector. Reusing such compo-
nents to reconstruct a bandage sensor may reduce waste,
consequently reducing an impact on the environment, while
accordingly reducing costs. Additionally, certain components
may be removed to increase the flexibility and conformance
of the resulting sensor. For example, a used bandage sensor
having a fully metallic Faraday shield may be remanufactured
to have a more flexible Faraday shield formed from an
ECATT layer. Similarly, a cable having a fully metallic wire
jacket for EMI/RFI protection may be manufactured and/or
remanufactured to include a conductive polymer jacket in the
place of a metallic jacket. Such embodiments are discussed
with respect to FIGS. 24-30, 37, and 39-41.

[0058] With the foregoing in mind, FIG. 1 illustrates a
perspective view of an embodiment of a non-invasive medical
sensor system 10 having an electronic patient monitor 12 and
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abandage sensor 14 having a Faraday shield constructed from
an electrically conductive adhesive transfer tape. By way of
example, the patient monitor 12 may be a patient monitor by
Nellcor™ or another manufacturer. In some embodiments,
the bandage sensor 14 may be remanufactured, as discussed
below, from new components and components of a bandage
sensor that has been used and/or discarded. The patient moni-
tor 12 may exchange signals with the bandage sensor 14 viaa
sensor cable 16 having one or more electrically conductive
polymeric wire jackets for EMI/RFI protection. The sensor
cable 16 may interface with the patient monitor 12 via a
connector 18, which may include a memory module 20 con-
figured to store sensor-specific data, such as calibration coef-
ficients, as well as patient historical information (e.g., an
alarm history). The memory module 20 may also communi-
cate information, such as troubleshooting information, to a
caregiver through the patient monitor 12.

[0059] The patient monitor 12 may include a display 22 for
providing information to the caregiver, as well as various
monitoring and control features. In certain embodiments, the
patient monitor 12 may include a processor that may deter-
mine a physiological parameter of a patient based on these
signals obtained from the bandage sensor 14. Indeed, in the
presently illustrated embodiment of the system 10, the ban-
dage sensor 14 is a pulse oximetry sensor that non-invasively
obtains pulse oximetry data from a patient.

[0060] The bandage sensor 14 may include a bandage por-
tion 24 that facilitates attachment to pulsatile patient tissue
(e.g., a patient’s digit). An emitter 26 and a detector 28 may
operate to generate non-invasive pulse oximetry data for use
by the patient monitor 12. In particular, the emitter 26 may
transmit light at certain wavelengths (e.g., infrared (IR), near-
1R) into the tissue and the detector 28 may receive the light
after it has passed through or is reflected by the tissue. The
amount of light and/or certain characteristics of light waves
passing through or reflected by the tissue may vary in accor-
dance with changing amounts of blood contingents in the
tissue, as well as related light absorption and/or scattering.

[0061] Theemitter 26 may emit light from one or more light
emitting diodes (LEDs) or other suitable light sources into the
pulsatile tissue. The light that is reflected or transmitted
through the tissue may be detected using the detector 28,
which may be a photodetector (e.g., a photodiode). When the
detector 28 detects this light, the detector 28 may generate a
photocurrent proportional to the amount of detected light,
which may be transmitted through the sensor cable 16 to the
patient monitor 12. The patient monitor 12 may convert the
photocurrent from the detector 28 into a voltage signal that
may be analyzed to determine certain physiological charac-
teristics of the patient.

[0062] To protect these signals (e.g., the photocurrent) from
interference, such as electromagnetic interference, the ban-
dage sensor 14 and sensor cable 16, as noted above, may
include features for EMI/RFI shielding. As an example, these
shielding features may include a Faraday shield disposed over
the detector 28 of the bandage sensor 14 and a conductive
Jjacketing material disposed over one or more electrical wires
ofthe sensor cable 16. Further, to enhance the conformance of
the bandage sensor 14 to the pulsatile patient tissue, the
shielding features may be constructed from materials that
afford enhanced flexibility compared to fully metallic Fara-
day shields and fully metallic wire jackets. The enhanced
flexibility of the resulting bandage sensor 14 may facilitate
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the proper placement of the optics with respect to the moni-
tored tissue and may also enhance patient comfort.

[0063] For example, turning to FIG. 2, which is an internal
view of the bandage sensor 14, a flexible sensor body 40 is
illustrated as disposed over a patient-contacting surface 42 of
the bandage portion 24. The sensor body 40 may include a
laminate assembly 44, the emitter 26, and the detector 28. The
laminate assembly 44 may generally include a plurality of
flexible layers. The flexible layers, in the illustrated embodi-
ment, include a main nonconductive support layer 46, a flex-
ible, electrically conductive adhesive transfer tape (ECATT)
layer 48, and a nonconductive adhesive layer 50. The com-
position of each of the layers 46, 48, and 50 is discussed in
further detail below with respect to FIG. 4. Generally, the
laminate assembly 44 surrounds the emitter 26 and the detec-
tor 28 when the bandage sensor 14 is assembled. The laminate
assembly 44 also surrounds a plurality of wires 52, some of
which provide power to and carry signals from the emitter 26
and/or the detector 28. The plurality of wires 52 may extend
from a main jacket 54 of the sensor cable 16 as the wires 52
enter the sensor body 40 and connect to the emitter 26 or the
detector 28.

[0064] The plurality of wires 52 may include a first pair of
wires 56 that attach to the emitter 26, a second pair of wires 58
that attach to the detector 28, and a drain wire 60 that termi-
nates the sensor cable 16 and also provides a ground for the
ECATT layer 48. The first pair of wires 56 may enter the
sensor body 40 independent of each other, and may each be
jacketed with a nonconductive coating, such as a nonconduc-
tive polymeric coating. As an example, in embodiments
where the emitter 26 includes one or more light emitting
diodes (LEDs), the first pair of wires 56 may place an elec-
trical bias across the LED of the emitter 26 to cause light
emission. The second pair of wires 58 enter the sensor body
40 as a twisted and jacketed pair. As an example, the second
pair of wires 58 may provide power to the detector 28 and/or
may carry electrical signals produced by the detector 28 in
response to absorbing photons transmitted by the emitter 26.
In some embodiments, a jacket 62 covering the twisted, sec-
ond pair of wires 58 may be adapted to provide electrical
insulation within at least a portion of the sensor body 40
and/or the sensor cable 16. Further, as discussed in detail
below with respect to FIGS. 24-29, the second pair of wires
58 may be jacketed in a conductive polymer material rather
than a metallic jacket (e.g., a fully metallic jacket) so as to
provide EMI/RFI shielding with enhanced flexibility.

[0065] The second pair of wires 58 may connect to the
detector 28 at a connection area 64, where the second pair of
wires 58 are left exposed (e.g., not covered by a jacket).
Accordingly, the second pair of wires 58 may be susceptible
to EMI/RFI at the connection area 64. Therefore, in some
embodiments, in addition to covering the detector 28, the
ECATT layer 48 may cover the second pair of wires 58 at least
at the connection area 64. Specifically, in some embodiments,
the detector 28 and the connection area 64 may be covered by
and in direct contact with the nonconductive adhesive layer
50, with the ECATT layer 48 being disposed over the non-
conductive adhesive layer 50. The drain wire 60, as noted
above, may dissipate the EMI/RFI that is blocked by the
ECATT layer 48. Advantageously, the ECATT layer 48 and
the drain wire 60, during assembly of the bandage sensor 14,
may be connected to one another by the pressure-sensitive
adhesive of the ECATT layer 48, rather than via a solder as in
fully metallic Faraday shields. Indeed, the elimination of such
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a step may advantageously increase throughput during the
manufacture of the bandage sensor 14.

[0066] For example, when the bandage sensor 14 is
assembled, the emitter 26, the detector 28, and the plurality of
wires 52 may be placed over the laminate assembly 44 in their
respective positions. The laminate assembly 44 may be folded
over the emitter 26, the detector 28, and the plurality of wires
52 to form the sensorbody 40. By folding the laminate assem-
bly 44 in this manner, the ECATT layer 48 and the noncon-
ductive adhesive layer 50 provide substantially 360° EMI/
RF] protection of the detector 28 and the connection area 64.
Additionally, the folded ECATT layer 48 may form a sub-
stantially 360° termination for the drain wire 60. To form the
bandage sensor 14 after the sensor body 40 has been
assembled, the bandage portion 24 of the sensor is placed on
the sensor body 40, as illustrated in FIG. 3.

[0067] InFIG.3,abandage top assembly 70 of the bandage
sensor is illustrated as exploded away from the sensor body
40. In the illustrated embodiment, the bandage top assembly
70 includes the bandage portion 24 and a metallic layer 72
(e.g., an aluminized layer). When the bandage sensor 14 is
produced, the bandage top assembly 70 may be laminated on
top of the sensor body 40. Specifically, the bandage top
assembly 70 may be laminated on the sensor body 40 such
that the metallic layer 72 covers the sensor body 40, with the
remaining portion of the bandage top assembly 70 being
laminated against a surface 76 of a bottom release liner 78.
Lamination of the metallic layer 72 over the sensor body 40
may enable the metallic layer 72 to block the transmission of
ambient light into the sensor body 40. In some embodiments,
the metallic layer 72 may also have an opaque ink printed on
an outward-facing surface 80 to provide enhanced optical
insulation for the sensor body 40 and to limit reflectance.
Further, the lamination of the bandage portion 24 of the
bandage top assembly 70 against the bottom release liner 78
may protect the patient-contacting surface 42 from inadvert-
ent contact prior to use.

[0068] Before the bandage top assembly 70 is laminated on
the sensor body 40 to form the bandage sensor 14, the sensor
body 40 may be constructed by placing the emitter 26 and the
detector 28 on discrete locations of the laminate assembly 44.
One embodiment of the layers that form the laminate assem-
bly 44 and the positioning of the emitter 26 and the detector
28 relative to the laminate assembly 44 is depicted in FIG. 4.
As illustrated, the laminate assembly 44 includes the main
nonconductive support layer 46, the ECATT layer 48, the
nonconductive adhesive layer 50, a patient-contacting adhe-
sive layer 90, and the bottom release liner 78.

[0069] The main nonconductive support layer 46 supports
the laminate assembly 44, the emitter 26, the detector 28, and
the plurality of wires 52 within the sensor body 40. The main
nonconductive support layer 46 may be constructed from any
flexible polymeric or similar material that is approved or
qualified for medical use and is capable of supporting various
sensor components. Generally, the main nonconductive sup-
port layer 46 will be constructed from a polymeric material
that is substantially non-transparent (i.e., opaque) with
respect to wavelengths of light that may interfere with the
measurements performed by the bandage sensor 14. As an
example, the main nonconductive support layer 46 may be
constructed from an opaque (e.g., white) polypropylene that
blocks wavelengths of light that may be used for pulse oxim-
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etry, such as infrared, near-infrared, visible, ultraviolet, or any
combination thereof (e.g., between approximately 600 and
1400 nm).

[0070] Because the main nonconductive support layer 46 is
non-transparent with respect to the wavelengths emitted by
the emitter 26 and received by the detector 28, the main
nonconductive support layer 46 includes a first optical win-
dow 92 and a second optical window 94. The first optical
window 92 is adapted to allow the emitter 26 to emit wave-
lengths of light toward the pulsatile patient tissue, and the
second optical window 94 is adapted to allow the detector 28
to receive the light transmitted through the tissue from the
emitter 26. Indeed, as illustrated, an active face 96 of the
detector 28 faces the second optical window 94 and an active
face 98 of the emitter 26 faces the first optical window 92.
[0071] The emitter 26 and the detector 28 are oriented
toward a first surface 100 of the main nonconductive support
layer 46. In some embodiments, the first surface 100 may
have a pressure-sensitive adhesive to facilitate lamination and
placement of various sensor components. The ECATT layer
48, which is laminated on a portion of the first surface 100,
may be any transfer tape (i.e., a tape layer having an adhesive
disposed on both sides) having a suitable amount of electrical
conductivity. The suitable amount of electrical conductivity
ofthe ECATT layer 48 may enable the ECATT layer 48 to act
as a Faraday shield for the detector 28 and to provide a
termination for the sensor cable 16. Further, the ECATT layer
48 may be capable of conducting electricity in either or both
of the plane of the adhesive and/or the thickness of the adhe-
sive (i.e., in the X and Y planes and/or along the Z-axis).
[0072] Forexample, in some embodiments, the adhesive of
the ECATT layer 48 may be a pressure-sensitive adhesive
(e.g., an acrylic adhesive) having a conductive filler material.
The conductive filler material may include any conductive
filler, such as beads (e.g., polymeric, solid oxide, semi-me-
tallic, or metallic beads) that may be metal-coated, fibers
(e.g., polymeric, solid oxide, metallic, semi-metallic, or car-
bon fibers) that may be metal-coated, particles (e.g., poly-
meric, solid oxide, semi-metallic, or metallic particles) that
may be metal-coated, or any combination thereof. In some
embodiments, the ECATT layer 48 may be 3M™ 9713 XYZ-
axis electrically conductive tape or 3M™ 9712 XYZ-axis
electrically conductive tape, which are available from 3M
Company of St. Paul, Minn. The ECATT layer 48, depending
at least on the nature of its adhesive material (e.g., the con-
ductive filler material and/or the pressure-sensitive adhesive),
may be substantially transparent or substantially non-trans-
parent with respect to the desired wavelengths of light
received by the detector 28.

[0073] In embodiments where the ECATT layer 48 is sub-
stantially transparent with respect to such wavelengths, the
ECATT layer 48 may be laminated on the main nonconduc-
tive support layer 46 without forming an optical window in
the ECATT layer 48 for the detector 28. For example, in
embodiments where the ECATT layer 48 is 3M™ 9713 elec-
trically conductive tape, the ECATT layer 48 may be lami-
nated on the main nonconductive support layer 46 without
forming an optical window in the ECATT layer 48. Con-
versely, in embodiments where the ECATT layer 48 is sub-
stantially non-transparent with respect to the wavelengths of
light received by the detector 28, at least one optical window
may be formed in the ECATT layer 48 prior to or after lami-
nating the ECATT layer 48 on the main nonconductive sup-
port layer 46. For example, in embodiments where the
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BCATT layer 48 is 3M™ 9712 electrically conductive tape,
an optical window for the detector 28 may be formed before
laminating the ECATT layer 48 on the main nonconductive
support layer 46. In other embodiments, an optical window in
the ECATT layer 48 may be formed in conjunction with
forming the first and second optical windows 92, 94 in the
main nonconductive support layer 46. Such embodiments are
described in further detail below with respect to FIGS. 5-17.
[0074] To insulate the detector 28 from the electrical con-
ductivity of the ECATT layer 48, the nonconductive adhesive
layer 50 is laminated on the ECATT layer 48 between the
ECATT layer 48 and the detector 28. Further, because the
nonconductive adhesive layer 50 may cover the active face 96
of the detector 28, it may be desirable for the nonconductive
adhesive layer 50 to be transparent or clear with respect to the
desired wavelengths of light received by the detector 28.
Accordingly, the nonconductive adhesive layer 50 may
include a transparent adhesive disposed on a transparent flex-
ible material, such as a polymer. For example, the noncon-
ductive adhesive layer 50 may have a first side 104 facing the
detector 28 and a second side 106 facing the ECATT layer 48.
At least the first side 104 may include an adhesive, such as a
clear, pressure-sensitive acrylate adhesive, while the second
side 106 may have an adhesive or may be substantially free of
adhesive. The polymer on which the adhesive is disposed may
be any transparent polymer, such as a transparent polyolefin,
polyester, or similar polymer. In one embodiment, the non-
conductive adhesive layer 50 may be a layer of 3M™ 1516
single-coated polyester medical tape available from 3M
Company of St. Paul, Minn.

[0075] As noted above, the nonconductive adhesive layer
50 insulates the detector 28, but the drain wire 60 (or other
termination feature of the sensor cable 16) terminates via an
electrical connection with the ECATT layer 48. Therefore,
while the nonconductive adhesive layer 50 may be sized so as
to fully insulate the detector 28, a length 108 of the noncon-
ductive adhesive layer 50 may be shorter than a length 110 of
the ECATT layer 48 to allow a portion of the ECATT layer 48
to be exposed. That is, a portion of the ECATT layer 48 that is
not covered by the nonconductive adhesive layer 50 may be
used to terminate the sensor cable 16.

[0076] As noted above, the ECATT layer 48, the noncon-
ductive adhesive layer 50, and various internals of the sensor
body 40 are provided on the first surface of the main noncon-
ductive support layer 46. Conversely, the patient-contacting
adhesive layer 90 and the bottom release liner 78 are provided
on a second surface 112 of the main nonconductive support
layer 46. The patient-contacting adhesive layer 90 may be a
double-sided adhesive layer having a patient-contacting sut-
face 114 and a non-patient contacting surface 116. Further,
because the patient-contacting adhesive layer 90 covers the
first and second optical windows 92, 94, the patient-contact-
ing adhesive layer 90 may be transparent with respect to the
wavelengths that are used for the particular implementation
of the bandage sensor 14. As an example, the patient-contact-
ing adhesive layer 90 may be a polymer with a pressure-
sensitive acrylic adhesive, such as a double-coated polyeth-
ylene layer. The bottom release liner 78, which may be
constructed from any suitable release liner material, protects
the patient-contacting surface 114 of the patient-contacting
adhesive layer 90 from debris and inadvertent attachment
prior to the intended use of the bandage sensor 14.

[0077] Using some or all of the materials described above,
laminate assemblies in accordance with the present disclo-
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sure may be formed singularly or as a roll of laminated layers.
Indeed, the present embodiments provide methods for pro-
ducing laminated rolls that may be used to construct bandage
sensors 14 in accordance with the present techniques. FIG. §
is a process flow diagram depicting an embodiment of one
such method 120 for producing a roll having a plurality of
laminate assemblies 44. Tt should be noted that while the steps
of method 120 are illustrated in an order, that cettain of the
steps may be performed in an order that does not follow the
illustrated sequence. For example, certain layers may be lami-
nated before, in conjunction with, or after other layers in a
manner that produces the laminate assembly 44 discussed
herein. In the illustrated embodiment, the method 120 begins
with obtaining a roll of the main nonconductive support layer
46 (block 122), which may be a roll of polypropylene or a
similar polymer. As noted above, the main nonconductive
support layer 46 may have one or more adhesive sides.
[0078] After the roll has been obtained in accordance with
block 122, the roll of the material of the main nonconductive
support layer 46 is pulled and optical windows are formed in
the main nonconductive support layer 46 (block 124). For
example, the roll may be partially unwound and the first and
second optical windows 92, 94 may be formed in the layer 46
by a die cut or a similar procedure. As is discussed in detail
below with respect to FIG. 6, the first and second optical
windows 92, 94 may be formed across the width of the roll or
down the length of the roll.

[0079] Upon forming the optical windows in accordance
with block 124, the ECATT layer 48 is laminated on the main
nonconductive support layer roll (block 126). For example,
with reference to FIG. 4, the ECATT layer 48 may be lami-
nated over the first side 100 and over the second optical
window 94 of the roll of the main nonconductive support
layer 46. In some embodiments, the ECATT layer 48 may be
transparent with respect to the wavelengths of interest that
may be received by the detector 28. Accordingly, no optical
windows may be formed in the ECATT layer 48. Embodi-
ments where an optical window may be formed in the ECATT
layer 48 are discussed in further detail below with respect to
FIG. 7.

[0080] After the ECATT layer 48 is laminated on the main
nonconductive support layer 46, the nonconductive adhesive
layer 50 may be laminated on the ECATT layer 48 (block
128). However, in other embodiments, the nonconductive
adhesive layer 50 may be laminated on the ECATT layer 48
prior to performing the acts represented by block 126. That is,
in certain embodiments, the acts represented by block 128
may be performed before or after the acts represented by
block 126. In either order, as noted above, the nonconductive
adhesive layer 50 may be laminated onthe ECATT layer 48 so
as to prevent the detector 28 from contacting the ECATT layer
48.

[0081] Once the main nonconductive support layer 46, the
ECATT layer 48, and the nonconductive adhesive layer 50
have been laminated together in accordance with blocks 124-
128, areleaseliner may be disposed on the layers (block 130).
For example, a top release liner may be disposed over the
layers to protect the exposed adhesives of the main noncon-
ductive support layer 46, the ECATT layer 48, and the non-
conductive adhesive layer 50 prior to their use in assembling
the bandage sensor 14.

[0082] Before, after, or in conjunction with disposing the
release liner over the main nonconductive support layer 46,
the ECATT layer 48, and the nonconductive adhesive layer 50
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in accordance with block 124, the patient-contacting adhesive
layer 90 may be laminated on the second side 112 of the main
nonconductive support layer 46 (block 132). For example, as
the main nonconductive support layer 46 is unwound in
accordance with certain of the acts represented by block 124,
the second side 112 may be exposed. Therefore, the patient-
contacting adhesive layer 90 may be laminated on the main
nonconductive support layer 46 at any point after the acts
represented by block 124 are performed. In the illustrated
embodiment, however, the patient-contacting adhesive layer
90 may be laminated on the second side 112 of the main
nonconductive support layer 46 after the release liner is dis-
posed over the layers on the first side 100 of the main non-
conductive support layer 46.

[0083] After the ECATT layer 48, the nonconductive adhe-
sive layer 50, and the patient-contacting adhesive layer 90 are
laminated on the main nonconductive support layer 146 in
accordance with blocks 126-132, the bottom liner 78 may be
disposed on the patient-contacting side 114 of the patient-
contacting adhesive layer 90 (block 134). As noted above, the
laminate assembly 44 produced in accordance with method
120 may be used, along with the emitter 36, the detector 28,
and the sensor cable 16, to form the sensor body 40. Indeed,
any or all of the blocks 122-134 of method 120 may be
implemented as all or a portion of a manufacturing process to
form a laminate assembly that may be used as a bandage
Sensor precursor.

[0084] FIG. 6 illustrates one such embodiment of a manu-
facturing process 140. The manufacturing process 140
includes providing a roll 142, which is unwound to expose the
first and second surfaces 100, 112 of the of the main noncon-
ductive support layer 46. The roll 142, as noted above with
respect to the discussion of the main nonconductive support
layer 46, may be a roll of polymeric material, such as poly-
ethylene, polypropylene, polyvinylchloride, polyurethane, or
asimilar polymer. A top liner 144 is then laminated on the first
side 100 of the main nonconductive support laver 46, which
may protect the first side 100 from dust or other debris that
may be encountered during the manufacturing process. As an
example, a first cutout representation 146 depicts the arrange-
ment of the top liner 144 disposed on the first side 100 of the
main nonconductive support layer 46.

[0085] After the top liner 144 is laminated, the optical
windows 92, 94 are formed in the main nonconductive sup-
port layer 46 by a die-cut procedure 148, illustrated as an
arrow. As depicted by a second cutout representation 150, the
first and second optical windows 92, 94 are formed across a
width of the main nonconductive support layer 46. In other
manufacturing process embodiments, the first and second
optical windows 92, 94 may be formed along the length of the
main nonconductive support layer 46. In such embodiments,
the second cutout representation 150 would depict the first
and second optical windows 92, 94 in a side-by-side arrange-
ment, rather than a top-to-bottom arrangement as illustrated
in the present embodiment. As will be discussed below, form-
ing the first and second optical windows 92, 94 in the depicted
orientation may facilitate the lamination of the ECATT layer
48 and the nonconductive adhesive layer 50 on the main
nonconductive support layer 46.

[0086] After the optical windows are formed, a printing
process 152 is performed, as depicted by an arrow. The print-
ing process 152 may include printing an opaque ink 154 (e.g.,
awhite ink) over a portion of the nonconductive support layer
46. As illustrated by the third cutout representation 156, the
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opaque ink 154 may be printed in patches or any similar
pattern proximate the second optical windows 92. In certain
embodiments, the opaque ink 154 may correct for wavelength
shifts that may be caused by certain of the conductive fillers
within the ECATT layer 48. Additionally, the opaque ink 154
may prevent reflection by the conductive fillers or other inter-
nal features of the bandage sensor 14. It should be noted that
in embodiments where an optical window is formed in the
ECATT layer 48, the printing process 152 may not be per-
formed.

[0087] The top liner 144 may be removed after the printing
process 152, which exposes the first side 100 of the main
nonconductive support layer 46 for lamination. Accordingly,
a roll 158 of the ECATT layer 48 (e.g., a roll of 3M™ 9713
XYZ-axis electrically conductive tape) may be provided and
laminated along a portion of the roll 142 of the main noncon-
ductive support layer 46. As noted above, in the orientation
depicted, the second optical windows 94 are in a side-by-side
arrangement. Keeping in mind that the second optical win-
dows 94 are configured to receive the detector 28, the ECATT
layer 48 may be laminated in a substantially continuous fash-
ion down the length of the roll 142 over the second optical
windows 94 without additional procedures, such as repetitive
cutting, repetitive aligning, and so forth. The resulting
arrangement is depicted in a fourth cutout representation 160,
which illustrates the ECATT layer 48 as being laminated in a
continuous fashion over the second optical windows 94.
Additionally, as the ECATT layer 48 is laminated, a liner 162
may be removed from the roll 158 of the ECATT layer 48.
[0088] After the ECATT layer 48 is laminated on the main
nonconductive support layer 46, a roll 164 of the nonconduc-
tive adhesive layer 50 (e.g., aroll of 3M™ 1516 single coated
polyester medical tape) is provided, separated from a liner
166, and laminated over the ECATT layer 48 as it is unwound.
The nonconductive adhesive layer 50 is depicted as a dashed
line in a fifth cutout representation 168. Again, as noted
above, the orientation of the second optical windows 94
enables the nonconductive adhesive layer 50 to be laminated
in a substantially continuous fashion, rather than in a series of
cuts, alignments, and laminations. After the nonconductive
adhesive layer 50 is laminated, the top liner 144 is added back
over or a new liner is put on the main nonconductive support
layer 46, the ECATT layer 48, and the nonconductive adhe-
sive layer 50.

[0089] Before, during, or after performing the laminations
above, a roll 170 of the patient-contacting adhesive layer 90,
which may be a double-sided adhesive layer, may be pro-
vided. The roll 170 may be double lined, or may be self-
wound. As the roll 170 is unwound, a die-cutting procedure
172, illustrated as an arrow, may be performed. As illustrated
in the sixth cutout representation 174, the die-cutting proce-
dure 172 may produce a series of individual patient-contact-
ing adhesive layers 90 on the roll 170. Adhesive portions of
the roll 170 that do not form the patient-contacting adhesive
layers 90 may be discarded as waste 176, recycled, or repur-
posed for further use. The patient-contacting adhesive layers
90 are then laminated over the second side 112 of the main
nonconductive support layer 46, such that each patient-con-
tacting adhesive layer 90 covers a pair of first and second
optical windows 92, 94.

[0090] After the ECATT layer 48, the nonconductive adhe-
sive layer 50, and the patient-contacting layer 90 have been
laminated on the main nonconductive support layer 46, the
bottom release liner 78 may be removed. Subsequently, a
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die-cutting 178 may be performed. For example, the die-
cutting 178 may include shearing through all of the layers to
form a plurality of laminate assemblies 44. The resulting
die-cut material may be separated from waste 180, which may
be discarded, recycled, or repurposed for future use. The
resulting plurality of laminate assemblies 44, connected by
the release liner 144, may be re-wound into a laminate assem-
bly roll 182.

[0091] While the method 120 and the manufacturing pro-
cess 140 embodiments described above with respect to FIGS.
5 and 6, respectively, describe the construction of the lami-
nate assembly 44 using a transparent ECATT layer, in other
embodiments, it may be desirable to provide optical windows
in the ECATT layer 48. For example, such optical windows
may be desirable in embodiments where the ECATT layer 48
includes a tape that does not have a desirable amount of
transparency with respect to the wavelengths of light moni-
tored by the detector 28. Accordingly, an assembly method
may be performed that includes forming one or more optical
windows in the ECATT layer 48. FI1G. 7 is a process flow
diagram of one such method 190 for producing a laminate
assembly 44 having an optical window in the ECATT layer
48. It should be noted that several of the acts of the method
190 may be performed in a similar or identical manner to the
corresponding acts of the method 120 described with respect
to FIG. 5.

[0092] The method 190 begins with obtaining the main
nonconductive support layer 46, which may be performed as
described above with respect to block 122 of FIG. 5. Prior to
forming the optical windows in the main nonconductive sup-
port layer 46 as in method 120 and the process 140, the
ECATT layer 48 is laminated on the first side 100 of the main
nonconductive supportlayer 46 (block 192). For example, the
ECATT layer 48 may be laminated on a portion of the main
nonconductive support layer 46 corresponding to the place-
ment of the detector 28.

[0093] After the ECATT layer 48 is laminated on the main
nonconductive support layer 46, the first and second optical
windows 92, 94 may be formed in the main nonconductive
support layer 46, with at least one optical window being
formed in the ECATT layer 48 (block 194). For example, the
first and second optical windows 92, 94, as discussed above
with respect to FIG. 6, may be formed by a die-cutting pro-
cess.

[0094] After the optical windows 92, 94 have been formed,
the remainder of the method 190 may be performed as
described above with respect to FIG. 5. That is, the noncon-
ductive adhesive layer 50 may be laminated on the ECATT
layer 48 (block 128) followed by disposing a release liner
over the ECATT layer 48, the nonconductive adhesive layer
50, and the main nonconductive support layer 46 (block 130).
The patient-contacting adhesive layer 90 may then be lami-
nated over the second side 112 of the main nonconductive
support layer 46, followed by disposing the bottom release
liner 78 on the patient-contacting side 114 of the patient-
contacting adhesive layer 90 (block 134).

[0095] In addition to or in lieu of providing the ECATT
layer 48 with or without an optical window, the ECATT layer
48 may be laminated on the main nonconductive support
layer 46 in a variety of different arrangements. For example,
as discussed in detail below with respect to FIGS. 8-21, the
ECATT layer 48 may be a strip lined over a detector area of
the main nonconductive support layer 46, or may also cover
an additional portion of the main nonconductive support layer
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46 to provide a cable termination area for the sensor cable 16
using features other than the drain wire 60.

[0096] For example, FIG. 8 depicts an embodiment of a
portion of the laminate assembly 44 where the ECATT layer
48 is astrip that is laminated over the second window 94 of the
main nonconductive support layer 46. Alternatively or addi-
tionally, such as when no optical windows have been formed
in the main nonconductive support layer 46, the ECATT layer
48 may be laminated over a detector area 200. The manner in
which the main nonconductive support layer 46 may be
folded so as to shield the detector 28 is illustrated by folds 202
in the main nonconductive support layer 46.

[0097] Similarly, FIG. 9 depicts the ECATT layer 48 as
being oriented crosswise relative to the main nonconductive
support layer 46. Thus, the ECATT layer 48 may be folded
vertically over the detector 28, as depicted in the embodiment
of FIG. 9, or may be folded horizontally over the detector 28,
as depicted in FIG. 8. In embodiments where the ECATT
layer 48 is folded vertically over the detector 28, the detector
28 may be insulated before the main nonconductive support
layer 46 is folded at folds 202, as discussed below with
respect to FIG. 21.

[0098] While FIGS. 8 and 9 illustrate embodiments in
which a single ECATT layer 48 is used to shield the detector
28, in other embodiments, it may be desirable to use more
than one ECATT layer, as depicted in FIG. 10. Specifically,
FIG. 10 depicts an embodiment in which the ECATT layer 48
is positioned so as to cover the active face 98 of the detector
28, and is coupled to an additional ECATT layer 201, which
is positioned so as to cover an opposite side of the detector 28.
Forexample, in one embodiment, the ECATT layer 48 may be
substantially transparent with respect to the wavelengths of
light used for performing the pulse oximetry measurements,
and the additional ECATT layer 201 may be substantially
opaque with respect to the wavelengths of light. In other
words, only the active face 98 of the detector 28 may be
shielded with a transparent ECATT, while the remaining por-
tions of the detector 28 are shielded with a non-transparent
ECATT. In some embodiments, it may be desirable to ensure
that the ECATT layers 48 and 201 are electrically connected
so as to form a continuous Faraday shield around the detector
28. Thus, there may be an overlap 203 between the transpar-
ent ECATT layer 48 and the non-transparent additional
ECATT layer 201. As an example embodiment, ECATT layer
48 may include 3M™ 9713 electrically conductive tape, the
additional ECATT layer 201 may include 3M™ 9712 elec-
trically conductive tape, and the overlap 203 may be approxi-
mately 0.05 inches for ECATT layers 48, 201 having a 0.5
inch width w, by a 0.60 inch length 1;, with the overlap 203
being across the width w, as illustrated (i.e., the ECATT
layers 48, 201 are side-by side), or across the length 1; in
embodiments where the ECATT layers 48, 201 are vertically
folded over the detector 28 (i.e., the ECATT layer 48 is below
the additional ECATT layer 201). This overlapping configu-
ration may be desirable in situations where the cost of the
transparent ECATT layer 48 is greater than the cost of the
non-transparent additional ECATT layer 201. Thus, the
embodiment of FIG. 10 may aid in reducing the costs asso-
ciated with shielding the detector 28.

[0099] Alternatively or additionally, the active face 98 of
the detector 28 may be partially or completely uncovered.
FIG. 11 depicts the ECATT layer 48 as including an optical
window 204 for the detector 28. The optical window 204 may
be desirable in embodiments where the ECATT layer 48 does
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not have a desirable amount of transparency with respect to
the monitored wavelengths of light. For example, the ECATT
layer 48 of FIG. 11 may include 3M™ 9712 electrically
conductive tape.

[0100] While the embodiment of the laminate assembly 44
depicted in FIG. 11 may eliminate the use of a more costly
ECATT layer 48 by providing the optical window 204, the
ECATT layer 48 may not form a continuous structure.
Because Faraday shields may have increased efficacy when
the shielded material (i.e., the detector 28) is completely
surrounded, it may be desirable to provide approximately
360° of coverage for the detector 28, rather than leaving the
active face 98 of the detector 28 unshielded. Accordingly,
FIG. 12 depicts an embodiment in which the optical window
204 of the ECATT layer 48 is covered or filled with an
additional ECATT layer 205, which may be transparent with
respect to the wavelengths of interest received by the detector
28. Indeed, the ECATT layer 48 and the additional ECATT
layer 205 may overlap and be in continuous electrical contact
such that approximately 360° of shielding is provided for the
detector 28. As an example, the ECATT layer 48 may include
3M™ 9712 electrically conductive tape while the additional
ECATT layer 205 may include 3M™ 9713 electrically con-
ductive tape.

[0101] As an alternative to using multiple ECATT materi-
als, or in addition to using multiple ECATT materials, it may
be desirable to enable desired wavelengths of light to pass
through the ECATT layer 48 without the use of a large optical
window 204 as in FIG. 11, even in embodiments where the
ECATT layer 48 is non-transparent with respect to the desired
wavelengths. In accordance with certain embodiments of the
present disclosure, optical grids 206 may be formed in the
ECATT layer 48, as depicted in FIGS. 13-15. In a general
sense, the optical grids 206 disclosed herein may have any
size, shape, or arrangement; though it may be desirable forthe
size of the optical grid 206 to generally correspond to the size
of the active face 98 of the detector 28 so as to allow maximal
light penetration while providing sufficient shielding cover-
age. In certain embodiments, the optical grids 206 may have
a size that equals or exceeds the size of the second optical
window 94. The optical grids 206 may be formed in the
BCATT layer 48 using any suitable technique, such as die
cutting, laser etching, chemical etching, or another litho-
graphic technique.

[0102] InFIG. 13, the optical grid 206 includes a plurality
of circular openings 207 formed in the ECATT layer 48. In
one embodiment, the centers of the circular openings 207
may be spaced approximately 0.050 inches from one another.
The circular openings 207, as depicted, are arranged in a
regular, continuous pattern of rows and columns. However, as
illustrated in FIG. 14, the optical grid 206 may include a
plurality of circular openings 208 that are staggered. That is,
the circular openings 208 are formed in alternating rows
where every other row is aligned. As in FIG. 13, the circular
openings 208 may be spaced approximately 0.050 inches
from one another within each row, with each row being stag-
gered by approximately 0.025 inches from an adjacent row.
[0103] InFIG. 15, the optical grid 206 includes a plurality
of slits 209 that form regular rows and columns. However, as
noted above with respect to the optical grid 206, the slits 209
may have any arrangement, such as a staggered pattern, a
circular pattern, another pattern, or may be random. As an
example, in one embodiment, the rows of the slits 209 may be
separated by approximately 0.02 inches, each slit 209 may be
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approximately 0.02 inches, and the slits 209 may be separated
by approximately 0.07 inches within each row.

[0104] In addition to providing shielding for the detector
28, the ECATT layer 48 may be laminated proximate (but not
over) the first optical window 92 (i.e., the emitter window) to
provide a termination area for termination wires of the sensor
cable 16. An embodiment of such an arrangement is illus-
trated in FIG. 16. In the illustrated embodiment, the ECATT
layer 48 is depicted as including three main sections: a detec-
tor-shielding section 210, a cable termination section 212,
and a grounding section 214 that provides an electrical con-
nection between the detector-shielding section 210 and the
cable termination section 212. When the ECATT layer 48 is
laminated on the main nonconductive support layer 46, the
detector-shielding section 210 may be positioned over the
detector area 200, as discussed above with respect to FIG. 8.
The cable termination section 212 may be positioned over a
cable entry area 216. For example, the cable entry area 216
may correspond to an area at which the sensor cable 16 enters
the sensor body 40 and where the jacket 54 (FIG. 2) of the
sensor cable 16 ceases to cover the plurality of wires 52 (FIG.
2). The grounding section 214 may be adapted and positioned
so as to avoid electrical contact with the emitter 26 when the
sensor body 40 is assembled, while grounding the detector-
shielding section 210 to dissipate the blocked electromag-
netic radiation.

[0105] Itmay be appreciated that the material used to form
the ECATT layer 48 illustrated in FIG. 16 may be transparent
to the optical wavelengths used in the measurements per-
formed by the optical sensor. An embodiment where the
material of the ECATT layer 48 is not transparent to these
wavelengths is illustrated in FIG. 17. Accordingly, in the
embodiment illustrated in FIG. 17, the ECATT layer 48 is
depicted as havingan optical window 218 to enable light to be
received by the detector 28.

[0106] The arrangements illustrated in FIGS. 8-11 may
each generally correspond to an embodiment of the acts rep-
resented by block 126 in FIG. 5 and/or block 192 of FIG. 7.
Indeed, such embodiments of block 126 and/or block 192
may be used to produce a variety of different arrangements of
the sensor body 40, examples of which are illustrated dia-
grammatically in their unfolded configuration with respect to
FIGS. 12-14. Specifically, FIG. 18 illustrates an embodiment
where the ECATT layer 48 is lined as a substantially sym-
metrical strip over the main nonconductive support layer 46.
As illustrated, the ECATT layer 48 in FIG. 18 is sized so as to
cover the detector 28, the connection area 64, and at least a
portion of the drain wire 60. In this embodiment, the drain
wire 60 terminates in an area proximate the detector 28 (e.g.,
the detector area 200). Again, the nonconductive adhesive
layer 50, as discussed above, insulates the detector 28 and the
connection area 64 from the conductivity of the ECATT layer
48 while allowing a direct electrical connection between the
drain wire 60 and the ECATT layer 48.

[0107] In FIG. 19, the sensor body 40 is formed by lami-
nating the ECATT layer 48 on the main nonconductive sup-
port layer 46 as depicted in FIGS. 10 and 11. As noted above
with respect to the discussion of these figures, the ECATT
layer 48 includes the detector-shielding section 210, the cable
termination section 212, and the grounding section 214. As
will be appreciated with reference to the illustrated embodi-
ment, such a configuration of the ECATT layer 48 may be
desirable in arrangements where the sensor cable 16 includes
a relatively short drain wire 220. Accordingly, the cable ter-
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mination section 212 may be sized so as to cover the entry of
the sensor cable 16 into the sensor body 40, an area 222 where
the cable jacket 54 ceases to cover the plurality of wires 52,
and the termination of the short drain wire 220.

[0108] In asimilar manner to the configuration of FIG. 19,
the embodiment illustrated in FIG. 20 depicts the ECATT
layer 48 as having the detector-shielding section 210, the
cable termination section 212, and the grounding section 214.
However, the sensor cable 16 is illustrated as terminated by a
plurality of termination wires 224 that are folded back over
the cable jacket 54. Such a termination technique may pro-
vide enhanced termination for the sensor cable 16 compared
to a single drain wire. Accordingly, the cable termination
section 212 of the ECATT layer 48 is sized so as to cover at
least the entry of the sensor cable 16 into the sensor body 40
and a termination area 226 where the plurality of termination
wires 224 extend over the cable jacket 54. The nonconductive
adhesive layer 50 may cover only a small portion of the
detector-shielding section 210, or may run as a strip across the
detector-shielding section 210 as depicted in FIG. 18.
[0109] Indeed, various configurations of the ECATT layer
48 and the nonconductive adhesive layer 50 may be imple-
mented depending upon the placement of the detector 28, the
emitter 26, cable termination wires, or other sensor features.
Accordingly, other shapes, sizes, and arrangements of the
ECATT layer 48 and the nonconductive adhesive layer 50 are
considered to be within the scope of the present disclosure.
Forexample, while the embodiments depicted in FIGS. 18-20
depict the ECATT layer 48 as unfolded as the emitter 26,
detector 28, and other electronic components are placed on
the main nonconductive support layer 46, it should be noted
that the ECATT layer 48 and nonconductive adhesive layer 50
may be disposed (e.g., folded) over the detector 28 before
placement onto the main nonconductive support layer 46.
Accordingly, FIG. 21 depicts an embodiment where the
BCATT layer 48 is folded over the nonconductive adhesive
layer 50, the detector 28, the connection area 48, and a portion
of the drain wire 60 before placement onto the main noncon-
ductive support layer 46.

[0110] Keeping in mind the foregoing descriptions of the
manner in which the various portions of the bandage sensor
14 are assembled, the present embodiments provide a method
240, illustrated in FIG. 22, for producing a medical sensor
(e.g., the bandage sensor 14), having an ECATT layer as a
Faraday shield. The method 240 begins with providing the
laminate assembly 44, an optical assembly (e.g., the emitter
26, the detector 28, and other optical features), and the sensor
cable 16 (block 242). The top liner 144 is then removed from
the laminate assembly 44 (block 244). The emitter 26 and the
detector 28 are then positioned on the laminate assembly 44
(block 246). As discussed above, the detector 28 may be
placed in direct contact with the nonconductive adhesive
layer 50 such that the detector 28 is shielded from EMI/RFI
by the ECATT layer 48 but is electrically insulated from the
same.

[0111] Substantially concurrently to performing the acts
represented by block 246, the termination features of the
sensor cable 16 may be connected to the ECATT layer 48
(block 248). As noted above, the termination features of the
sensor cable 16 may be coupled to the ECATT layer 48 viathe
adhesive surfaces of the ECATT layer 48, rather than via a
soldering procedure as is performed for fully metallic Fara-
day shields. As an example, the termination features of the
sensor cable 16 may be attached to the ECATT layer 48 in a
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manner consistent with the illustrations of FIGS. 18-20. After
the optical assembly, the sensor cable 16, and the cable tet-
mination features have been suitably positioned on the lami-
nate assembly 44, the main support layer 46 may be folded
over the optical assembly and the sensor cable (and termina-
tion features) to form the sensor body 40 (block 250). For
example, as depicted by the folds in the main nonconductive
support layer 46 in FIGS. 4 and 8-17, one portion of the
laminate assembly 44 is folded over the emitter 26, the detec-
tor 28, and the sensor cable 16, followed by a remaining
portion.

[0112] Once the sensor body 40 is formed, a bandage layer
or a plurality of bandage layers (e.g., the bandage top assem-
bly 70 of FIG. 3) is laminated on the sensor body 40 (block
252). For example, as depicted in FIG. 3, the metallic layer 72
of the bandage top assembly 70 may be laminated over the
non-patient contacting surface 74 of the sensor body 40. The
bandage layer 24 may be laminated onto the surface 76 of the
bottom release liner 78. Thereafter, the sensor cable 16 may
be wrapped, the sensor bandage 14 may be placed into a
package, and the package may be sterilized, pasteurized, or
otherwise cleaned in any suitable manner (block 254). The
sterilized bandage sensor 14 then may be sent to a medical
facility.

[0113] As noted with respect to FIG. 21, the detector 28
may be provided in combination with the ECATT layer 48
and the nonconductive adhesive layer 50 before the sensor
body 40 is formed. Accordingly, FIG. 23 depicts an embodi-
ment of a method 255 for producing the bandage sensor 14 by
providing a pre-insulated detector 28. The method 255
includes providing the ECATT layer 48, the nonconductive
adhesive layer 50, and the optical assembly (i.e., the emitter
26 and detector 28) connected to the sensor cable 16 (block
256). The ECATT layer 48 and the nonconductive adhesive
layer 50 may then be folded over the detector 28 (block 257)
such that the detector 28 is electrically insulated from the
ECATT layer 48 but is shielded from EMI/RFI.

[0114] Theshielded optical assembly may then be disposed
on the main nonconductive support layer 46 (block 258), for
exampleas depicted in FIG. 21. In asimilar manner to the acts
described above with respect to FIG. 22, the main noncon-
ductive support layer 46 may be folded over the optical
assembly and the sensor cable 16 to form the sensor body 40
(block 250). The bandage top assembly 70 may be disposed
on the sensor body 40 (block 252) as described above. The
bandage sensor 14 produced from the acts described above
may then be packaged. The packaged product can either be
sterilized (block 254) and shipped to a medical facility or sent
directly to the medical facility without sterilization.

[0115] In addition to or in lieu of producing a medical
sensor having a flexible, electrically conductive transfer tape
layer as a Faraday shield using the approaches described
above, it may be desirable to enhance the flexibility and
EMI/RFT shielding of the sensor cable 16. Accordingly, the
present embodiments also provide approaches that may result
in increased flexibility, and enhanced EMI/RFI shielding
(i.e., reduced noise in the signals of interest) of the sensor
cable 16. Indeed, while the present approaches toward
increasing the flexibility of such a cable are presented in the
context of the sensor cable 16, it should be noted that the
approaches described herein are also applicable to many
types of cables, such as cables commonly used in the medical
industry (e.g., adapter cables, extension cables, patient inter-
face cables), and the like.
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[0116] In accordance with certain aspects of the present
embodiments, the flexibility and shielding ability of the sen-
sor cable 16 may be enhanced using a conductive polymer. In
some embodiments, the conductive polymer may include a
conductive filler disposed within a polymer matrix. The con-
ductive polymer may be used to provide EMI/RFI shielding
for the jacketed wires (e.g., wires 56, 58, FIG. 2) that run
through the sensor cable 16. In some embodiments, the poly-
mer portion of the conductive polymer may include any flex-
ible polymeric material such as polyvinylchloride (PVC),
polyolefins (e.g., polyethylene, polypropylene), polyamides
(e.g., nylon-6), synthetic or natural elastomers (e.g., neo-
prene), various other thermoplastics (e.g., thermoplastic
chlorinated polyethylene (CPE)), or any combination thereof.
In certain embodiments, at least a portion of the conductive
polymer may be a polymer having at least some degree of
electrical conductivity such that the polymer is not an elec-
trically insulative material. That is, the polymer may be an
intrinsically conductive polymer. Examples of such polymers
include polyacetylene, polythiophene, poly(p-phenylenevi-
nylene), polyphenylene sulfide, polyaniline, and other fully-
conjugated polyhydrocarbyl materials, such as polyaromat-
ics, polyheteroaromatics, and so on.

[0117] The conductive filler may include, in some embodi-
ments, any micro- or nano-scale material (i.e., a material
having at least one dimension on the micro- or nano-scale)
that is capable of conducting electricity. As an example, the
conductive filler may include micro or nanofibers made from
conductive or semiconductive materials (e.g., stainless steel
fibers, carbon nanotubes, silicon nanotubes, silver fibers, cop-
per fibers), conductive particulates (e.g., nickel powder, gold
powder, copper powder, gold-plated nickel fillers), or any
combination thereof. Indeed, any conductive filler capable of
rendering a mixture of the polymer and conductive filler
suitable for shielding wires from EMI/RFI, while maintain-
ing certain desirable properties of the polymer (e.g., strength,
flexibility), are within the scope of the present disclosure.

[0118] Indeed, the conductive filler may be added to the
polymer matrix in an amount such that the polymer and
conductive filler may together form a continuous EMI/RFI
shield for the wires within the sensor cable 16. In certain
embodiments, the conductive polymer may retain the flex-
ibility of the polymer (i.e., the substantially pure polymer), or
a desired percentage of the flexibility of the polymer. For
example, in certain embodiments, the conductive polymer
may retain between approximately 20 and 100 percent (e.g,,
between approximately 30 and 100%, 40 and 90%, or 50 and
80%) of the flexibility of the pure polymer. It will be appre-
ciated that the amount of conductive filler added to the poly-
mer matrix may therefore depend at least on the conductivity
of the filler and the effect that the filler has on the overall
flexibility of the mixture.

[0119] In addition to providing enhanced flexibility, the
conductive polymer may also provide enhanced durability
and reliability compared to other cable shielding techniques.
Indeed, the conductive polymer may be used in lieu of, or in
addition to, other EMI/RFI shielding features such as wire
strands. For example, some shielding features may include a
plurality of metallic strands that are twisted or braided and
surround the jacketed wires (e.g., wires 56, 58, F1G. 2) that
carry the signals of interest (e.g., pulse oximetry signals,
electrocardiogram signals). In one embodiment, the conduc-
tive polymers in accordance with the present disclosure may
be used in lieu of these twisted wire strands, providing
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enhanced flexibility and EMI/RFI shielding. For example, as
the wire strands used for shielding are exposed to repeated
bending, twisting, and other forces during the course of nor-
mal use, the strands may begin to separate from one another
and/or deform and lose conductivity. This separation and/or
loss in conductivity may be undesirable, as the wavelength(s)
of the blocked electromagnetic radiation that is shielded by
the wire strands may be smaller than the areas between the
wire strands and/or or the conducting portions of the wire
strands. This may allow the electromagnetic radiation to
interfere with the signals of interest carried by the jacketed
wires. Moreover, this degradation in shielding ability may
also lead to crosstalk between jacketed wires. The use of the
conductive polymers in accordance with the present disclo-
sure overcomes these and other shortcomings of such wire
strands by providing a continuous, flexible shielding material
for the jacketed wires. Indeed, the materials used to construct
the conductive polymers may be selected based on their flex-
ibility, conductivity, and/or other attributes, as noted above.
Embodiments of such approaches are discussed with respect
to FIGS. 24-30. Specifically, in FIGS. 24-29, embodiments of
the sensor cable 16 are presented wherein conductive poly-
mers in accordance with the present disclosure are used for
shielding the wires 56, 58 from EMI/RFI. In FIGS. 27-29,
embodiments of the sensor cable 16 are presented wherein the
conductive polymers are used in addition to fully metallic
shielding features.

[0120] Moving to FIG. 24, an embodiment of the sensor
cable 16 is depicted having a main conductive polymer jacket
260 and a second conductive polymer jacket 262 surrounding
the second pair of wires 58. The main conductive polymer
jacket 260 and the second conductive polymer jacket 262
each include respective first and second polymeric matrices
264, 266 and respective first and second conductive fillers
268, 270 disposed within their respective polymeric matrices
264, 266. The first and second polymeric matrices 264, 266
may be the same, or may be different, and may independently
include any or a combination of the polymer materials listed
above. Similarly, the first and second conductive fillers 268,
270 may be the same or different, and each may indepen-
dently include any or a combination of the conductive filler
materials mentioned above.

[0121] Thesecond conductive polymer jacket 262 may pro-
vide EMI/RFI shielding for the second pair of wires 58.
Generally, the second pair of wires 58, as discussed above
with respect to FIG. 2, may each include a conductor 272
(e.g., a conductive wire) and a nonconductive insulating
jacket 274 surrounding each conductor 272. The second pair
of wires 58 may be adapted to provide power to and carry
signals of interest from the detector 28. In some embodi-
ments, the second conductive polymer jacket 262 may also
include a drain wire 276 to enable termination of the second
conductive polymer jacket 262 at the sensor (e.g., the bandage
sensor 14 of FIG. 2) and/or the cable connector (e.g., the
sensor cable connector 18 of FIG. 1). However, in some
embodiments, such as when the sensor cable 16 is attached to
a bandage sensor 14 having an electrically conductive trans-
fer tape Faraday shield, the sensor cable 16 may be terminated
without the use of a drain wire. Such an embodiment is
illustrated in FIG. 25. For example, the second conductive
polymeric jacket 262 may attach directly to the transfer tape
Faraday shield (e.g., the ECATT layer 48 of FIG. 2) via the
adhesive of the transfer tape.
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[0122] Returning to FIG. 24, in addition to providing EMI/
RFT shielding for the second pair of wires 58, the second
conductive polymeric jacket 262 may prevent cross-talk
between the second pair of wires 58 and the first pair of wires
56. As noted above, the first pair of wires 56 are adapted to be
in operative connection with the emitter 26. Accordingly, the
second conductive polymeric jacket 262 may be electrically
separated from the first pair of wires 56 at least by noncon-
ductive jacketing 278 surrounding each conductor 280 of the
first pair of wires 56. In the illustrated embodiment, the sec-
ond conductive polymeric jacket 262 is also electrically sepa-
rated from the first pair of wires 56 by the nonconductive
jacket 62 of the second pair of wires 58. Indeed, the noncon-
ductive jacket 62 may include polymeric materials that are
substantially nonconductive. That is, the nonconductive
jacket 62 may be formed from one or more polymers that are
capable of electrically insulating the second conductive poly-
meric jacket 262 from other electrically conductive materials
within the sensor cable 16. As an example, the nonconductive
jacket 62 may include any flexible, nonconductive polymeric
material such as polyvinylchloride (PVC), polyolefins (e.g.,
polyethylene, polypropylene), polyamides (e.g., nylon-6),
synthetic or natural elastomers (e.g., neoprene), various other
thermoplastics (e.g., thermoplastic chlorinated polyethylene
(CPE)), or any combination thereof. However, in other
embodiments, such as illustrated in FIG. 25, the second con-
ductive polymeric jacket 262 may not be surrounded by the
nonconductive jacket 62. Additionally, in such an embodi-
ment, the second conductive polymeric jacket 262 and the
main conductive jacket 260 may be in contact.

[0123] In the embodiment illustrated in FIG. 24, the main
conductive polymer jacket 260 and the second conductive
polymer jacket 262 are separated the nonconductive jacket
62. As illustrated, the main conductive polymer jacket 260
may surround both of the pairs of wires 56, 58, which pro-
vides EMI/RFT for the first pair of wires 56 and an additional
level of EMI/RF]I shielding for the second pair of wires 58. In
a similar manner to the second conductive polymer jacket
262, the main conductive polymer jacket 260 may include one
or more drain wires 282. The drain wires 282 may enable
termination of the main conductive polymer jacket 260 at the
bandage and/or connector side of the sensor cable 16. How-
ever, as noted above with respect to the second conductive
polymer jacket 262, the main conductive polymer jacket 260
may be terminated without using the drain wires 282, as
illustrated in FIG. 25. The main conductive polymer jacket
260 and the second conductive polymer jacket 262 may also
be separated by one or more cords 284 that are made of a fiber
material 286. The cords 284 may provide support for and
maintain the position of the wires 56, 58 within the sensor
cable. As an example, the fiber material 286 may include
cotton, wool, silk, polyester, nylon, or other similar fabric
materials. The components of the sensor cable 16 described
above may all be enclosed by the main nonconductive jacket
54. The main nonconductive jacket 54 may be formed from
electrically insulative polymer materials, such as those
described above with respect to the nonconductive jacket 62.
Generally, the main nonconductive jacket 54 may prevent
electrical shorts from occurring. The main nonconductive
jacket may also prevent the caregiver (e.g., technician, nurse,
doctor) and the patient from being exposed to any electrically
conductive materials.

[0124] The embodiments of the sensor cable 16 illustrated
in FIGS. 24 and 25 may be constructed according to the



US 2014/0228659 Al

desired end use of the cable (e.g., pulse oximetry, electrocar-
diography), the materials available for the construction pro-
cess, production costs, or similar considerations. FIG. 26 is a
process flow diagram illustrating a method 290 for construct-
ing the embodiments of the sensor cable 16 depicted in FIGS.
24 and 25. Further, it should be noted that certain of the steps
of the method 290 may be performed to construct similar
cable enmbodiments, such as cables having a conductive poly-
mer only in the main conductive jacket 260, or only in the
second conductive polymer jacket 262. Such embodiments
are discussed in detail below with respect to FIGS. 27-29.
[0125] Themethod 290 begins with obtaining the materials
used to produce either or both of the conductive polymer
jackets 260, 262, obtaining the pairs of wires 56, 58, the
nonconductive materials for the insulating jackets 54, 62,
drain wires 282, 276, and other materials that may be desir-
able for inclusion in the sensor cable 16 (block 292). After the
materials are obtained, the second pair of wires 58 (i.e., the
twisted pair) may be surrounded by the second conductive
polymer jacket 262 (block 294). As an example, the materials
of the second conductive polymer jacket 262 may be com-
bined (e.g., blended, mixed, compounded) and extruded,
molded, or shrink-wrapped over the second pair of wires 58.
Indeed, any jacketing procedure known in the art may be used
in accordance with the present disclosure.

[0126] To generate the sensor cable 16 embodiment illus-
trated in FIG. 24, the second pair of wires 58, which have been
jacketed with the second conductive polymer jacket 262, are
then surrounded by the nonconductive jacket 62 (block 296).
For example, the nonconductive polymers that are used to
produce the nonconductive jacket 62 may be extruded,
molded, or shrink-wrapped over the second conductive poly-
mer jacket 262. However, as noted above, to produce the
embodiment of the sensor cable 16 illustrated in FIG. 25, the
acts represented by block 296 may not be performed.

[0127] After the second pair of wires 58 have been shielded
and, in some embodiments, insulated, the first pair of wires
56, as well as the fiber cords 284, and any other wiring, are
provided and disposed proximate the second pair of wires 58
(block 298). The resulting arrangement is then jacketed with
the main conductive polymer jacket 260 (block 300). For
example, as above, the main conductive polymer jacket 260
may be extruded, molded, or shrink-wrapped over the sensor
wires, cords, and other sensor materials. The main conductive
polymer jacket 260 is then covered with the main nonconduc-
tive jacket 54 (block 302).

[0128] As noted above, the conductive polymer embodi-
ments disclosed herein may be used in lieu of, or in addition
to, other shielding features, such as conductive strands of
wire, metallic meshes, or the like. FIGS. 27 and 29 depict
embodiments of such approaches. The embodiment of the
sensor cable 16 illustrated in FIG. 27 has a fully metallic
EMI/RFI shield 306 used as the main conductive jacket (i.e.,
in the place of the main conductive polymer jacket 260). The
fully metallic EMI/RFI shield 306 may include a plurality of
electrically conductive wire strands, a continuous sheath of
metal (i.e., acylindrical structure), a metallic mesh, or similar
structure. The metal used in the shield 306 may include any
conductive metal used for EMI/RFI shielding known in the
art, such as copper, nickel, gold, and so on. Moreover, while
the embodiment of the sensor cable 16 depicted in FIG. 27
illustrates the fully metallic EMI/RFI shield 306 as being
separated from the second conductive polymer jacket 262 by
the nonconductive jacket 62, in some embodiments, the fully
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metallic EMI/RFI shield 306 and the second conductive poly-
mer jacket 262 may be in electrical contact.

[0129] FIG. 28 illustrates an embodiment of a method 308
for producing the sensor cable 16 of FIG. 27. Because the
sensor cable 16 of FIG. 27 includes many of the same ele-
ments as the sensor cable 16 of FIG. 24, many of the steps of
method 308 may be similar or the same as certain steps in
method 290 of FIG. 26. Accordingly, those steps will be
referred to using the same reference numerals as those used in
FIG. 26. At the onset of method 308, the materials used to
construct the sensor cable 16 of FIG. 27, such as jacketed
wires, the conductive polymer, the nonconductive polymer
(s), and the fully metallic shielding materials may be obtained
(block 310).

[0130] After the suitable materials are obtained, acts in
accordance with blocks 294-298 may be performed as
described above with respect to FIG. 26. Thus, the second pair
of wires 58 may then be surrounded by the conductive poly-
mer to form the second conductive polymer jacket 262 (block
294). The second conductive polymer jacket 262 may then be
covered by the nonconductive jacket 62 (block 296). After the
second pair of wires 58 is insulated, the first pair of wires 56,
the fiber cords 284, and other sensor materials are disposed
proximate the second pair of wires 58 (block 298).

[0131] After the internal components of the sensor cable 16
are situated in their desired arrangement, the metallic material
may be placed around the arrangement to form the fully
metallic EMI/RFI shield 306 (block 312). For example, in
embodiments where the metallic material is a plurality of
conductive wire strands, the strands may be braided or twisted
about the jacketed wires. In embodiments where the metallic
material is a metal mesh or a continuous metallic sheath, the
metal may be wrapped around the internal components of the
sensor cable 16. Indeed, any manner of disposing fully metal-
lic shielding about cable components known in the art may be
used in accordance with certain of the present embodiments.
The fully metallic EMI/RFI shield 306 may then be sur-
rounded by the main nonconductive jacket 54 (block 314).
[0132] While FIG. 27 depicts an embodiment of the sensor
cable 16 having the fully metallic EMI/RFI shield 306 as the
main EMI/RFT shield, FIG. 29 depicts an embodiment of the
sensor cable 16 having a fully metallic EMI/RFI shield 318
disposed about the second pair of wires 58. Specifically, the
embodiment of the sensor cable 16 illustrated in FIG. 29
includes the fully metallic EMI/RFI shield 318 disposed
about the second pair of wires 58 and the main conductive
polymer jacket 260 used as the main EMI/RFI shield for the
sensor cable 16. Such an embodiment may be formed as a
result of certain manufacturing processes, such as in remanu-
facturing processes where the second pair of wires 58, and the
shielding/jacketing surrounding the second pair of wires 58,
are determined to be suitable for inclusion in a remanufac-
tured cable. Indeed, such methods of remanufacturing cables
and bandage sensors that may use such cables are discussed in
detail below with respect to FIGS. 37-40.

[0133] Theembodiment of the sensor cable 16 illustrated in
FIG. 29 may be produced from new and/or refurbished mate-
rials using a method 320 illustrated in FIG. 30. Because the
sensor cable 16 of FIG. 29 includes many of the same ele-
ments as the sensor cable 16 of FIG. 27, many of the steps of
method 320 may be similar or the same as certain steps in
methods 290 and 308 of FIGS. 26 and 28, respectively.
Accordingly, those steps will be referred to using the same
reference numerals as those used in FIGS. 26 and/or 28. Atthe
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onset of method 308, the materials used to construct the
sensor cable 16 of FIG. 29, such as jacketed wires, the con-
ductive polymer, the nonconductive polymer(s), and the fully
metallic shielding materials may be obtained (block 310).
[0134] After the suitable materials are obtained, the metal-
lic material may be placed around the second pair of wires 58
to form the fully metallic EMI/RFI shield 318 (block 322).
For example, the fully metallic EMI/RFI shield 318 may be
disposed about the second pair of wires 58 in a similar manner
to that described above with respect to block 312 of method
310. The fully metallic EMI/RFI shield 318 may then be
surrounded by the nonconductive jacket 62 (block 324). After
the second pair of wires 58 are insulated, the first pair of wires
56, the fiber cords 284, and other sensor cable materials are
disposed proximate the second pair of wires 58 (block 298).
The conductive polymer may then be disposed (e.g.,
extruded, molded, shrink-wrapped) over the resulting
arrangement to form the main conductive polymer jacket 260
(block 300). The main nonconductive jacket 302 may then be
disposed about the main conductive polymer jacket 260
(block 302) to form the sensor cable 16 of FIG. 29.

[0135] As noted above, the bandage sensor 14 discussed
with respect to FIGS. 1-15 and the sensor cable 16 discussed
with respect to FIGS. 1 and 24-30 may be manufactured from
new, refurbished, and/or used materials. Indeed, the present
embodiments provide various methods for remanufacturing
bandage sensors and sensor cables in accordance with the
embodiments discussed above. For example, FIG. 31 illus-
trates a generalized sensor remanufacturing method, FIGS.
32-36 illustrate bandage sensor remanufacturing methods for
integrating or removing ECATT layers, FIGS. 37 and 39 each
illustrate a sensor cable remanufacturing method, and FIGS.
38 and 40 each illustrate an embodiment of a method for
replacing a used sensor cable with a new sensor cable,
wherein either of the used or the new sensor cable includes a
conductive polymer EMI/RFT shielding jacket.

[0136] Referring now to FIG. 31, an embodiment of a
method 330 for remanufacturing a medical sensor, such as the
bandage sensor 14, is illustrated. The method begins with
obtaining a used sensor (block 332). The used sensor may be
asingle-use medical sensor (i.e., for use on a single patient) or
may be a reusable sensor. The sensor may be obtained, as an
example, by a technician or similar manufacturing personnel.
The technician may inspect and/or test the operation of the
sensor (block 334). As an example, in embodiments where the
sensor is a pulse oximetry sensor, the testing may include
testing the operation and accuracy of the emitter, the detector,
the sensor cable, the cable connector, and any other electronic
features of the sensor, such as a memory disposed within the
connector.

[0137] After the sensor has been inspected and tested, the
technician may determine whether it is appropriate to
remanufacture the sensor (query 336). Inembodiments where
remanufacture is not appropriate, the used sensor may be
discarded (block 338). For example, one or more features of
the used sensor may be inoperative, such as the monitoring
features, the cable, and so on. Depending on the degree to
which the sensor may be inoperative, it may no longer be
cost-effective to remanufacture, and the sensor may be dis-
carded. Conversely, in embodiments where 1t is determined
that at least a portion of the sensor is suitable for remanufac-
turing, the sensor may be remanufactured according to certain
remanufacturing processes (block 340). Embodiments of
such remanufacturing processes are discussed below. After
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the sensor has been remanufactured, the sensor is then pack-
aged and sterilized (block 344). The sensor may then be sent
to a medical facility for use.

[0138] Moving now to FIG. 32, an embodiment of a method
350 for producing the sensor bandage 14 having the ECATT
layer 48 as a Faraday shield from a used sensor bandage is
illustrated. The method 350 may be performed independently
or in conjunction with the method 330 of FIG. 31. For
example, the method 350 may correspond to the acts repre-
sented by block 340 of method 330. In either case, the used
sensor bandage may be determined to include reusable parts,
such as the optics (e.g., the emitter, detector) and/or the sensor
cable. It should be noted, however, that in embodiments
where any one of these re-usable components is not suitable
for further use, it may be replaced with a traditional replace-
ment part, or may be replaced with features corresponding to
aspects of the present disclosure (e.g., the sensor cable 16 of
FIGS. 24, 25, 26, 29).

[0139] The method 350 begins with removing the optical
assembly and the sensor cable (block 352). As noted above,
the optical assembly may include the emitter (e.g., the emitter
26) and the detector (e.g., the detector 28), and the sensor
cable may be a traditional sensor cable or the sensor cable 16
of FIG. 24,25, 26, 0r 29. As an example, the optical assembly
and the sensor cable may be removed from the bandage
sensor by opening the housing of the sensor (e.g., one or more
laminated, flexible layers or a plastic or over molded housing)
and removing the optics and the cable. Because the detector
may be shielded by a fully metallic Faraday shield (e.g., a
copper mesh and/or a copper sheath), certain features of the
sensor cable (e.g., a drain wire) may be soldered to the Fara-
day shield. Accordingly, the sensor cable may be detached
from the Faraday shield, and the Faraday shield may be dis-
carded, recycled, or repurposed.

[0140] Once the optical assembly and the sensor cable have
been removed, the optical assembly and the sensor cable may
be cleaned (block 354). As an example, the active faces ofthe
emitter and/or the detector may be cleaned with a cleaning
solution, or a cloth having a cleaning solution, and dried. It
will be appreciated that the manner of drying the emitter and
the detector may be such that no dust, lint or other small
particulates are left of the active face of either. The outer
jacket of the sensor cable may be cleaned and/or re-painted
such that the sensor has a substantially new appearance. In
embodiments where the connector includes a memory mod-
ule, the module may be cleared of any patient historical data.
Further, the connector of the sensor cable may be cleaned,
such as by removing particulates that may be proximate the
pins of the connector. This cleaning may help to ensure proper
attachment to a monitor and acceptable performance of the
remanufactured sensor. In certain embodiments, the sensor
cable may also be re-soldered to the optics to ensure a proper
connection. Furthermore, in embodiments in which it may be
desirable to discard and replace any of these features, the
sensor cable may be re-soldered to a new emitter and/or
detector, or the emitter and the detector may be soldered to a
new cable.

[0141] After the optics and the sensor cable are ready for
integration into a new sensor, the top release liner 144 may be
removed from the laminate assembly 44 (block 356). The
emitter and the detector may then be disposed on the laminate
assembly 44 (block 358). For example, the emitter and the
detector may be aligned with the first and second optical
windows 92, 94, respectively. As illustrated in FIG. 4, the
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emitter may be disposed directly on the first surface 100 of the
main nonconductive support layer 46, and the detector may be
disposed directly on the first side 104 of the nonconductive
adhesive layer 50. Before, after, or during the acts represented
by block 358, the termination features of the sensor cable may
be attached to the ECATT layer 48 of the laminate assembly
44 (block 360). For example, a drain wire of the sensor cable
may be adhesively secured to the ECATT layer 48. The result-
ing configuration may be as illustrated in FIG. 2 or 18-21.
Indeed, the ECATT layer 48, as discussed above, may have
any shape, size, or configuration that enables the ECATT
layer 48 to shield the detector from EMI/RFI while allowing
termination of the sensor cable.

[0142] After the optical assembly and the sensor cable are
suitably placed on the laminate assembly 44, the laminate
assembly 44 is folded over the optics and the cable to form the
sensor body 40 (block 362). For example, as illustrated with
respect to the folds in the main nonconductive support layer
46 in FIG. 4, the left and right extents of the laminate assem-
bly may be folded over the optics and the cable. This folding
may result in the detector being surrounded by the ECATT
layer 48 and the nonconductive adhesive layer 50, which
provides 360° shielding for the detector and 360° termination
for the cable. After the sensor body 40 is formed, the sensor
bandage top assembly 70 may be disposed on the non-patient
contacting surface 74 of the sensor body 40, as illustrated in
FIG. 3, to produce the bandage sensor 14 (block 364).
[0143] While the method 350 described above may be per-
formed to replace all of the sensor components other than the
electronics, it may be desirable to retain and re-use other
features of the sensor. For example, it may be desirable to
retain the outer layers of the sensor body 40, which may
correspond to the main nonconductive support layer 44.
Indeed, it may be desirable to simply replace the fully metal-
lic Faraday shield of a used bandage sensor with the ECATT
layer 48 described above. Accordingly, FIG. 33 illustrates an
embodiment of a method 370 for remanufacturing a sensor to
replace an existing Faraday shield, such as a metal mesh or
sheath, with an electrically conductive transfer tape. Indeed,
the method 370 may generally correspond to the acts repre-
sented by block 340 of method 330.

[0144] The method 370 includes removing the used sensor
bandage layer (e.g., layer 24 or assembly 70) from the sensor
body 40 (block 372). For example, it may be desirable to
remove any layer that has come in contact with a patient. In
some embodiments, the bandage top assembly 70 may be
removed by pulling the bandage top assembly 70 away from
the sensor body 40, the two of which may be adhesively
coupled. In certain embodiments, it may also be desirable to
remove the patient-contacting adhesive layer 90. However, as
described below, in some embodiments the used patient-con-
tacting adhesive layer 90 may simply be covered with a fresh
patient-contacting adhesive layer 90. In certain embodi-
ments, the fresh patient-contacting adhesive layer 90 may
extend proud of the sensor body 40 onto the surface 42 of the
top bandage assembly 70, or may extend to the perimeter of
the surface 42.

[0145] Once the used sensor body 40 has been isolated
from the bandage top assembly 70, the sensor body 40 may be
opened, and the fully metallic Faraday shield and insulating
layer may be removed (block 374). For example, the sensor
body 40 may be opened with a cutting tool and carefully
pulled apart to expose the emitter, the detector, the fully
metallic Faraday shield, among others. The Faraday shield
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and insulating layer between the Faraday shield and the detec-
tor may be adhesively secured to the detector. Therefore, the
fully metallic Faraday and the insulating layer may simply be
pulled away from the detector to remove them. With the
optical assembly being at least partially isolated from the
sensor body 40, the emitter, the detector, and the sensor cable
may be cleaned (block 376). For example, these components
may be cleaned as set forth above with respect to block 354 of
method 350. Indeed, after the detector has been at least par-
tially pulled away from the sensor body 40, the ECATT layer
48 and the nonconductive adhesive layer 50 may be disposed
about the detector (block 378). For example, the ECATT layer
48 and the nonconductive adhesive layer 50 may be secured to
one another, and then adhesively secured to the detector or the
main nonconductive support layer 46 which, when folded
back over the detector, will cause the ECATT layer 48 to
shield the detector.

[0146] After the ECATT layer 48 and the nonconductive
adhesive layer 50 are in place, the sensor body 40 may be
re-sealed (block 380). For example, an adhesive may be
applied to the main nonconductive support layer 46 to re-seal
the opening formed at block 374. In other embodiments, the
main nonconductive support layer 46 may include one or
more adhesive surfaces that allow it to be re-sealed, forming
the remanufactured sensor body 40.

[0147] Before, after, or while the sensor body 40 is re-
sealed, a new patient contacting adhesive layer 90 may be
disposed on the sensor body 40 (block 382). For example, as
noted above, in certain embodiments, the patient-contacting
adhesive layer 90 may be removed in accordance with the acts
represented by block 372. Accordingly, the acts represented
by block 382 may act to replace the removed adhesive layer.
However, as illustrated, the used patient-contacting adhesive
layer 90 may be covered with a new patient-contacting adhe-
sive layer 90 (block 382). Before, after, or during these acts,
a new bandage top assembly 70 may be disposed on the
sensor body 40 (block 364), as described above.

[0148] While the remanufacturing embodiments described
above may be directed toward remanufacturing sensors hav-
ing fully metallic Faraday shields, it may be desirable to
remanufacture used sensors that have electrically conductive
transfer tape Faraday shields. Accordingly, it may be desir-
able to retain at least a portion of the sensor that contains the
electrically conductive transfer tape Faraday shield. FIG. 34
illustrates an embodiment of one such method 390 for
remanufacturing a sensor having an electrically conductive
transfer tape Faraday shield. The method 390 may begin by
cutting the optical assembly, a portion of the laminate assem-
bly 44 surrounding the optical assembly, and the sensor cable
16 from the used sensor (block 392). For example, in one
embodiment, the detector area 200 illustrated in FIG. 8 may
be cut away, along with the sensor portions surrounding the
emitter 26 and the sensor cable 16, from the remaining por-
tions of the bandage sensor 14. In another embodiment, the
middle portion of the bandage sensor 14 corresponding to the
sensor body 40 may be cut away from the outer portions ofthe
bandage layer 24.

[0149] After the portions that are cut away from the sensor,
the cut away portions may then be cleaned (block 394). For
example, the portions of the patient-contacting adhesive layer
90 disposed proximate the active faces 96,98 of the emitter 26
and the detector 28 may be cleaned. Additionally, portions of
the sensor cable 16 may be cleaned as set forth above. For
example, the main jacket 54 and the connector 18 may be
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cleaned and the memory module 20 may be cleared of patient
historical data. After the emitter 26, the detector 28, the sensor
cable 16 and other sensor components that have been cut
away from the bandage sensor 14, the main nonconductive
support layer 46 may be disposed over the optical assembly
and surrounding laminate layers.

[0150] Specifically, a release liner may be removed from
the first side of the main nonconductive support layer (block
396), and the cut away portion may be disposed on the uncov-
ered portion of the main nonconductive support layer 46
(block 398). A new patient-contacting adhesive layer 90 may
be laminated on the main nonconductive support layer 46
(block 400) before, after, or while the main nonconductive
support layer 46 is laminated with the cut away and cleaned
sensor portions. However, it should be noted that in embodi-
ments where the sensor body 40 is cut away from the bandage
sensor 14 such that the sensor body 40 is completely intact,
the acts according to blocks 396 and 398 may not be per-
formed, and a new patient-contacting adhesive layer 90 may
be simply laminated over the used patient-contacting adhe-
sive layer 90. In such an embodiment, this may form a new
sensor body 40.

[0151]  After the laminations above are completed, the main
nonconductive suppotrt layer 46 may be folded over the cut
away portions of the sensor to form the new sensor body 40
(block 402). It should be noted, however, that the main non-
conductive support layer 46, in some embodiments, may be
folded over the cut away portions immediately after they are
placed on the main nonconductive support layer 46. Afier the
new sensor body is formed, the bandage top assembly 70 may
be laminated over the sensor body 40 on the non-patient
contacting surface 74 to form the remanufactured bandage
sensor 14 (block 364).

[0152] The embodiments described above may be directed
towards situations where it may be desirable to use sensor
bandages having ECATT Faraday shields. However, it may
also be desirable to remanufacture sensors in a manner that
replaces the ECATT Faraday shields described herein with
other shielding technologies, such as metallic meshes, metal-
lic sheaths, metallic wire strands, and so on. Indeed, in accor-
dance with certain embodiments described herein, the
ECATT layer 48 may be replaced by simply disposing the
drain wire 60 in a region proximate the detector 28 to reduce
EMI experienced by the detector 28. FIG. 35 illustrates an
embodiment of one such method 410 for remanufacturing a
sensor, such as bandage sensor 14, to replace the ECATT
layer 48 with a fully metallic Faraday shield, such as a mesh
or another Faraday shield consisting essentially of, or con-
taining alarge portion of, a conductive metal. The method 410
may begin with removing the optical assembly from the sen-
sor body 40 (block 412). For example, the emitter 26, the
detector 28, and, in certain embodiments, the sensor cable 16
may be cut away from the sensor body 40.

[0153] After the optical assembly and the sensor cable 16
have been removed, they may be cleaned (block 414). For
example, the active faces of the emitter 26 and the detector 28
may be wiped clean, and the sensor cable 16 may be recon-
ditioned according to any suitable protocol. Indeed, in certain
embodiments, such as when the sensor cable 16 includes one
or more conductive polymer jackets, the sensor cable 16 may
also be replaced. Once the desired components have been
cleaned, a new, fully metallic Faraday shield may be disposed
on or about at least the detector 28 (block 416). Moreover, in
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embodiments where the sensor cable includes a drain wire,
the drain wire may be soldered to the fully metallic Faraday
shield.

[0154] After the components have been removed, cleaned,
reconditioned, and shielded as desired, the optics (with the
detector having a fully metallic Faraday shield) and the cable
may be disposed within a new sensor assembly, such as one or
more layers that are adapted to surround the optics and the
cable as all ora part of the remanufactured sensor (block 418).
The remanufactured sensor may then be sealed (block 420) to
form the sensor. Of course, the process described above may
include one or more additional steps as may be desired to
produce a given remanufactured sensor, such as the addition
of proprietary components, the addition of new adhesive lay-
ers, and so forth.

[0155] Furthermore, the remanufacturing process to
replace the ECATT layer 48 may simply replace the ECATT
layer 48 and the remaining portions ofthe sensor body 40 may
be re-used. FIG. 36 illustrates an embodiment of such a
method 430. The method 430 includes removing the used
sensor bandage layers (e.g., some or all of the bandage top
assembly 70) (block 432). The sensor body 40 may then be
cleaned to prevent the internal components of the sensor from
being exposed to external contaminants (block 434). How-
ever, in certain embodiments, the cleaning step may be pet-
formed after certain of the steps described below.

[0156] The sensor body 40 may then be opened, and the
ECATT layer 48 and, in certain embodiments, the noncon-
ductive adhesive layer 50 are removed (block 436). For
example, because the ECATT layer 48 and the nonconductive
adhesive layer 50 are adhesively secured to the detector 28,
they may be simply pulled away from the detector 28. The
fully metallic Faraday shield and, in some embodiments, an
insulative layer, may then be placed about the detector 28
(block 438). The sensor body may then be re-sealed (block
440). For example, additional adhesive may be applied to the
sensor body for re-sealing, or the adhesive nature of certain of
the sensor body layers may allow the sensor body to be
re-sealed by placing the layers in contact with one another and
applying pressure. A new patient-contacting layer may then
be applied to the re-sealed sensor body (block 442). One or
more new bandage layers may also be applied to the re-sealed
sensor body (block 444).

[0157] While the remanufacturing methods described
above are directed toward the remanufacture of a medical
sensor, it may be desirable to also remanufacture the sensor
cable. In other embodiments, only the sensor cable may be
remanufactured. Indeed, in embodiments where the cable
may be used for other medical purposes, or as an extension
cable, it may be desirable to remanufacture the cable to
include or remove one or more conductive polymer jackets.
FIG. 37 illustrates an embodiment of a method 450 for
remanufacturing a cable, such as a pulse oximetry sensor
cable, to include one or more conductive polymer EMI/RFI
shielding jackets. To facilitate discussion, the method 450
will be described in the context of producing the sensor cable
16 from a sensor cable having traditional shielding features.
The method 450 includes opening/removing the main non-
conductive jacket of the cable (block 452). For example, the
main jacket may be cut open and peeled away from the
remaining components of the sensor cable, or a stripping
device may remove the jacket either automatically or as a
result of acts performed by a technician.
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[0158] The main metallic shielding jacket may then be
removed (block 454). For example, in embodiments where
the fully metallic shielding jacket includes a plurality of wire
strands, the strands may be separated and removed, or pulled
at their ends away from the remaining components of the
sensor cable. After the fully metallic jacket is removed, any
wires that are grouped and separately shielded may be iden-
tified, and their shields removed (block 456). In the context
described above with respect to FIG. 29, the fully metallic
EMI/RFT shield 318 of the second pair of wires 58 may be
removed. In this way, all of the wires of the sensor cable are
de-shielded. The removed metal may be discarded, recycled,
or repurposed for another use.

[0159] After the fully metallic shield has been removed
from the second pair of wires 58, a conductive polymer may
be extruded or otherwise disposed over the second pair of
wires 58 to produce the second conductive polymer jacket
270 (block 458). That is, the second pair of wires 58 may be
disposed within the second conductive polymer jacket 262.
Similarly, after all of the internal wires, packing components,
and so forth are in place, a conductive polymer may be
extruded or otherwise disposed over the internal components
to produce the main conductive polymer jacket 260 (block
460). As noted above, the main conductive polymer jacket
260 may include similar, the same, or different materials than
the materials used for the second conductive polymer jacket
262. After shielding the internal components of the sensor
cable, the main nonconductive jacket 54 may be disposed
over the main conductive polymer jacket 260 and closed
(block 462). For example, in some embodiments, the main
nonconductive jacket 54 may be closed using heat, an adhe-
sive, asealing composition, or the like. In other embodiments,
such as when it may be desirable to replace the main noncon-
ductive jacket, a nonconductive polymer may be extruded
over the main conductive polymer jacket 260 to produce the
sensor cable 16.

[0160] While the method 450 described above may be
desirable in situations where it is desirable to re-manufacture
a sensor cable, it may be desirable, during the remanufactur-
ing of a sensor, to replace a used cable having fully metallic
shielding features with the sensor cable 16 having at least one
conductive polymer jacket. For example, it may be desirable
to replace an existing sensor cable with any of the embodi-
ments of the sensor cable 16 discussed with respect to FIG.
24, 25,27, or 29. FIG. 38 illustrates an embodiment of such a
method 470. Further, it should be noted that the method 470
may be performed alone or in conjunction with other of the
sensor remanufacture embodiments disclosed herein.

[0161] The method 470 may begin by removing the optical
assembly (e.g., the emitter 26 and the detector 28) and the
sensor cable from the sensor body (block 472). For example,
the sensor body, which may be a portion of the used sensor,
may be opened and the optical assembly and the cable pulled
away from the sensor body. The used sensor cable may then
be removed from the emitter 26 and the detector 28 (block
474). For example, the solder coupling the used sensor cable
to the emitter 26 and the detector 28 may be heated and pulled
apart. In another embodiment, the solder may be cut to de-
couple the emitter 26 and the detector 28 from the used sensor
cable.

[0162] After the emitter 26 and the detector 28 have been
de-coupled from the used sensor cable, they may be cleaned
(block 476). A new sensor cable 16 having at least one con-
ductive polymer shield may then be attached to at least the
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emitter 26 and the detector 28 (block 478). For example, the
first pair of wires 56 may be soldered to a pair of leads of the
emitter 26. Likewise, the second pair of wires 58 may be
soldered to a pair of leads of the detector 28. The emitter 26,
the detector 28, and the new sensor cable 16 may then be
integrated into a new or remanufactured sensor, such as a
pulse oximetry bandage sensor in accordance with the dis-
closed embodiments.

[0163] The embodiments described above with respect to
the remanufacture of the sensor cable may be performed in
situations where it is desirable to have a sensor cable with one
or more conductive polymer jackets for EMI/RFI shielding.
However, it may be desirable to remanufacture or replace
such sensor cables such that a new or remanufactured sensor
has a sensor cable with only fully metallic shielding jackets.
In other embodiments, it may be desirable to only replace
certain of the conductive polymer jackets and retain others.
Such embodiments are described with respect to FIGS. 39
and 40.

[0164] Specifically, FIG. 39 illustrates an embodiment of a
method 480 for remanufacturing a sensor cable having a
conductive polymer jacket with a fully metallic EMI/RFI
shield. Indeed, while the method 480 is described in the
context of replacing all of the conductive polymer jackets that
may be present in a sensor cable with fully metallic jackets, it
should be noted that the selective replacement of one or more
conductive polymer jackets with a fully metallic jacket is also
presently contemplated, as illustrated with respect to FIGS.
27 and 29. The method 480 may begin by opening/removing
the main nonconductive jacket of the cable (block 482). For
example, the main jacket may be cut open and peeled away
from the remaining components of the sensor cable, or a
stripping device may remove the jacket either automatically
or as a result of acts performed by a technician.

[0165] The main conducive polymer jacket 260 may then
be removed (block 484). For example, the conductive poly-
mer jacket 260 may be cut and peeled away from the internal
components of the sensor cable 16. After the conductive
polymer jacket 260 is removed, any wires that are grouped
and separately shielded may be identified, and their shields
removed (block 486). For example, the second conductive
polymer jacket 262 of the second pair of wires 58 may be
removed. In this way, all of the wires of the sensor cable are
de-shielded. The removed conductive polymers may be dis-
carded, recycled, or repurposed for another use. Again, in
certain embodiments, only a portion of the conductive poly-
mer jackets may be removed.

[0166] After the second conductive polymer jacket 262 has
been removed from the second pair of wires 58, a fully metal-
lic EMI/RFI shield may be disposed over the second pair of
wires 58 (block 488). For example, in embodiments where the
jacket is a plurality of conductive wire strands, the wire
strands may be braided, intertwined, or the like, and disposed
about the second pair of wires 58. In other embodiments, such
as when the fully metallic EMI/RFT shield is a sheath or mesh,
the second pair of wires 58 may be slid inside the sheath or
mesh, or the sheath or mesh may be wrapped around the
second pair of wires 58.

[0167] Similarly, after all of the internal wires, packing
components, and so forth are in place, a fully metallic EMI/
RF]I shield may be similarly disposed over the internal com-
ponents to produce the main fully metallic EMI/RFI shield
(block 490). The main fully metallic EMI/RIF shield may
include similar, the same, or different materials than the metal
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used for the jacket disposed around the second pair of wires
58. After shielding the internal components of the sensor
cable, the main nonconductive jacket 54 may be disposed
over the main fully metallic EMI/RFI shield and closed
(block 492). For example, in some embodiments, the main
nonconductive jacket 54 may be closed using heat, an adhe-
sive, asealing composition, or the like. In other embodiments,
such as when it may be desirable to replace the main noncon-
ductive jacket, a nonconductive polymer may be extruded
over the main fully metallic EMI/RFI shield to produce the
remanufactured sensor cable.

[0168] Asnotedabove, FIG. 40 illustrates a method 500 for
replacing a sensor cable having one or more conductive poly-
mer jackets with a sensor cable having one or more fully
metallic shielding jackets. The method 500 may begin by
removing the optical assembly (e.g., the emitter 26 and the
detector 28) and the sensor cable 16 from the sensor body 40
(block 502). The sensor cable 16 may then be removed from
the emitter 26 and the detector 28 (block 504). For example,
the solder coupling the sensor cable 16 to the emitter 26 and
the detector 28 may be heated and pulled apart. In another
embodiment, the solder may be cut to de-couple the emitter
26 and the detector 28 from the sensor cable 16.

[0169] After the emitter 26 and the detector 28 have been
de-coupled from the sensor cable 16, they may be cleaned
(block 506). A new sensor cable having at least one fully
metallic EMI/RFI shield may then be attached to at least the
emitter 26 and the detector 28 (block 508). For example, the
first pair of wires 56 may be soldered to a pair of leads of the
emitter 26. Likewise, the second pair of wires 58 may be
soldered to a pair of leads of the detector 28. The emitter 26,
the detector 28, and the new sensor cable may then be inte-
grated into a new or remanufactured sensor, such as a pulse
oximetry bandage sensor in accordance with the disclosed
embodiments.

[0170] An example configuration resulting from manufac-
turing or remanufacturing the bandage sensor 14 and/or the
sensor cable 16 in accordance with the embodiments
described above is illustrated with respect to FIG. 41. Spe-
cifically, FIG. 41 illustrates the manner by which the sensor
cable 16, which may include one or more conductive polymer
EMI/RFI shields, may attach to the connector 18. In FIG. 41,
the connector 18 includes a pin configuration 520 that is
compatible with a pin configuration 522 of the monitor 12.
The sensor cable 16, as discussed above with respect to FIGS.
24, 25, 27, and 29, may include the first pair of wires 56,
which may include conductors 280A and 280B (e.g., emitter
lines), and the second pair of wires 58, which may include
conductors 272A and 272B (e.g., detector lines).

[0171] Inthe provided example, the connector 18 includes
a coded resistor 524 connected to pins 1 and 6 and configured
to provide a coded resistor value to the monitor 12. The
connector 18 also includes the memory unit 20, such as an
erasable programmable read-only memory (EPROM) unit
configured to store data, which is connected to pins 8 and 4.
However, it should be noted that in certain embodiments, the
connector 18 may include the memory unit 20 and not the
coded resistor, or may include the coded resistor 524 and not
the memory unit 20. For example, in embodiments where the
bandage sensor 14 is an OXI-MAXT™ only pulse oximetry
sensor, the connector 18 may include the memory unit 20 but
not the coded resistor 524. In other embodiments, such as
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where the bandage sensor 14 represents an R-Cal-based sen-
sor, the connector 18 may include the coded resistor 524 but
not the memory unit 20.

[0172] The conductors 280A and 280B for the emitter 26
may pass through, or may be crimped to pins 3 and 2, respec-
tively, of the pin configuration 520 so as to provide signals to
and receive signals from the corresponding pins of the pin
configuration 522 of the monitor 12 (i.e., pins 3 and 2). For
example, the conductors 280A and 280B may provide emitter
26 control from a light drive (not shown) of the monitor 12.
Likewise, the conductors 272A and 272B of the detector 28
may pass through, or may be crimped to pins 5 and 9, respec-
tively, of the pin configuration 520 so as to provide signals to
and receive signals from the corresponding pins of the pin
configuration 522 of the monitor 12 (i.e., pins 5 and 9).
[0173] As noted above, the sensor cable 16 may include the
main conductive polymer jacket 260 configured to provide
EMI/RFT shielding for the entire sensor cable 16, and the
second conductive polymer jacket 262 configured to provide
additional EMI/RFT shielding for the conductors 272 and to
prevent crosstalk between the conductors 272 and 280. As
illustrated, the main conductive polymer jacket 260 termi-
nates, via line 526, at pin 7 and the second conductive poly-
mer jacket 262 terminates, via line 528, at pin 6. It should be
noted that lines 526 and 528 may represent the jackets 260,
262 after unfolding from the sensor cable 16 and winding. In
other embodiments, the lines 526 and 528 may represent
drain wires, such as drain wires 282 and 276, respectively, of
FIG. 24. In embodiments where the lines 526 and 528 repre-
sent the jackets 260, 262, the jackets 260, 262 may be
grounded by crimping to pins 7 and 6, respectively, of the
connector 18. Similarly, in embodiments where the lines 526
and 528 represent drain wires 282 and 276, respectively, they
may be grounded by soldering or crimping to pins 7 and 6,
respectively.

[0174] While the disclosure may be susceptible to various
modifications and alternative forms, specific embodiments
have been shown by way of example in the drawings and have
been described in detail herein. However, it should be under-
stood that the embodiments provided herein are not intended
to be limited to the particular forms disclosed. Rather, the
various embodiments may cover all modifications, equiva-
lents, and alternatives falling within the spirit and scope of the
disclosure as defined by the following appended claims.

What is claimed is:

1. A method of remanufacturing a used bandage-type
medical sensor, comprising;

obtaining the used bandage-type medical sensor, the used

bandage-type medical sensor comprising an electrically
conductive adhesive transfer tape (ECATT) layer
adapted to shield a detector of the used bandage-type
medical sensor from EMI; and

replacing a used patient-contacting adhesive bandage layer

of the used bandage-type medical sensor with a new
patient-contacting adhesive bandage layer.

2. The method of claim 1, wherein replacing the used
patient-contacting adhesive bandage layer of the used ban-
dage-type medical sensor with the new patient-contacting
adhesive bandage layer comprises:

removing the used patient-contacting adhesive bandage

layer from a first side of a sensor body of the used
bandage-type medical sensor; and

securing the new patient-contacting adhesive bandage

layer to the first side of the sensor body.
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3. The method of claim 2, comprising securing a new
additional patient-contacting adhesive layer to a second side
of the sensor body, or to a used additional patient-contacting
adhesive layer disposed on the second side of the sensor body,
such that the used additional patient-contacting adhesive
layer is completely covered by the new additional patient-
contacting adhesive layer.

4. The method of claim 1, comprising replacing at least a
portion of a used nonconductive support layer of the used
bandage medical sensor with a new nonconductive support
layer, and wherein replacing the used patient-contacting
adhesive bandage layer of the used bandage medical sensor
with the new patient-contacting adhesive bandage layer com-
prises securing the new patient-contacting adhesive bandage
layer to the new nonconductive support layer.

5. The method of claim 4, wherein replacing at least the
portion of the used nonconductive support layer comprises
removing at least a portion of the used nonconductive support
layer such that the detector remains shielded by the ECATT
layer.

6. The method of claim 4, comprising replacing the ECATT
layer with a metallic EMI shield, or with a drain wire posi-
tioned proximate the detector.

7. A remanufactured bandage-type medical sensor,
wherein the remanufactured bandage-type medical sensor is
formed by a process comprising:

surrounding a detector of a used medical sensor with an

electrically conductive adhesive transfer tape (ECATT)
layer to shield the detector from electromagnetic inter-
ference (EMI);

securing the ECATT layer to a nonconductive support

layer; and

disposing the nonconductive support layer around the

detector.

8. The remanufactured bandage-type medical sensor of
claim 7, wherein the process comprises securing the detector
directly to a nonconductive adhesive layer to electrically insu-
late the detector from the ECATT layer.

9. The remanufactured bandage-type medical sensor of
claim 7, wherein the ECATT layer and the nonconductive
support layer are new.

10. The remanufactured bandage-type medical sensor of
claim 7, wherein the process comprises:

providing a nonconductive adhesive layer, the ECATT

layer, the nonconductive support layer, and at least one
patient-contacting adhesive layer in a laminate assem-
bly;

positioning an emitter configured to emit light detectable

by the detector, the detector, and a portion of a cable
connected to the detector against the laminate assembly
such that the detector and exposed conductors connect-
ing the cable to the detector are disposed over the
ECATT layer; and

folding the laminate assembly over the emitter, the detec-

tor, and the portion of the cable.

11. The remanufactured bandage-type medical sensor of
claim 7, wherein the process comprises securing a cable
termination of a cable attached to the detector to the ECATT
layer.
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12. The remanufactured bandage-type medical sensor of
claim 7, wherein the process comprises attaching a cable to
the detector, the cable comprising a conductive jacketing
having a conductive filler disposed within a polymer matrix,
and wherein the conductive jacketing is configured to shield a
conductor of the cable from EMI.

13. The remanufactured bandage-type medical sensor of
claim 7, comprising one or more patient-contacting adhesive
layers secured to the nonconductive support layer.

14. The remanufactured bandage-type medical sensor of
claim 7, wherein the one or more new patient-contacting
adhesive layers are secured to a used patient-contacting adhe-
sive layer such that the used patient-contacting adhesive layer
is completely covered by the one or more new patient-con-
tacting adhesive layers.

15. A pulse oximetry sensor, comprising:

an optical assembly having an emitter configured to trans-
mit one or more wavelengths of light and a photodetec-
tor configured to receive the one or more wavelengths of
light transmitted by the emitter; and

an electrically conductive adhesive transfer tape (ECATT)
layer disposed over the photodetector, wherein the
ECATT layer is adapted to act as a Faraday shield for the
photodetector, and the ECATT layer comprises a tape
layer having a pressure-sensitive adhesive disposed on
opposite sides and a conductive filler disposed in the
adhesive.

16. The pulse oximetry sensor of claim 15, wherein the
ECATT layer fully covers the photodetector, is transparent
with respect to the wavelengths of light emitted by the emitter
and detected by the detector, and does not comprise an optical
window.

17. The pulse oximetry sensor of claim 15, comprising a
sensor cable electrically coupled to the photodetector and the
emitter, the sensor cable being configured to transmit signals
between the pulse oximetry sensor and a pulse oximetry
monitor, wherein the sensor cable comprises a drain wire that
is terminated with the ECATT layer, and wherein the ECATT
layer 1s isotropically conductive so as to form a 360° termi-
nation for the drain wire.

18. The pulse oximetry sensor of claim 15, wherein the
pulse oximetry sensor is a bandage-type sensor comprising a
nonconductive support layer to which the ECATT layer is
laminated.

19. The pulse oximetry sensor of claim 18, comprising a
nonconductive layer positioned between the photodetector
and the ECATT layer to electrically isolate the photodetector
and the ECATT layer.

20. The pulse oximetry sensor of claim 19, comprising a
sensor body surrounding the optical assembly, wherein the
sensor body consists of a plurality of laminated layers com-
prising the ECATT layer, the nonconductive layer, and the
nonconductive support layer, and that the emitter and photo-
detector are only mechanically coupled via the sensor body.
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