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ABSTRACT

A pulse oximetry sensor includes reusable and disposable
elements. To assemble the sensor, members of the reusable
element are mated with assembly mechanisms of the dis-
posable element. The assembled sensor provides indepen-
dent movement between the reusable and disposable ele-

ments.
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NONINVASIVE OXIMETRY OPTICAL SENSOR
INCLUDING DISPOSABLE AND REUSABLE
ELEMENTS

RELATED APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 11/172,587, filed Jun. 30, 2005,
entitled “Optical Sensor Including Disposable and Reusable
Elements,” now U.S. Pat. No. 7,225,007, which is a con-
tinuation of U.S. patent application Ser. No. 10/351,645,
filed Jan. 24, 2003, entitled “Optical Sensor Including Dis-
posable and Reusable Elements,” now U.S. Pat. No. 6,920,
345, and claims priority benefit under 35 U.S.C. § 120 to the
same. The present application incorporates the foregoing
disclosures herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to the field of sensors
that measure oxygen content in a patient’s blood. More
specifically, the invention relates to a sensor that assembles
reusable and disposable elements and/or allows longitudinal
displacement between the reusable and disposable elements.

BACKGROUND OF THE INVENTION

[0003] Early detection of low blood oxygen is important in
a wide variety of medical applications, and oximetry was
developed to study and to measure, among other things, the
oxygen status of blood. One type of oximetry, pulse oxim-
etry, employs a sensor attached to a patient in order to output
a signal indicative of a physiological parameter of the
patient, such as, for example, the patient’s blood oxygen
saturation.

[0004] A pulse oximeter sensor generally uses a number of
sensor components, such as one or more energy emission
devices like red and infrared LED emitters, and an energy
detection device like a photodiode detector. The sensor is
generally attached to a measurement site such as a patient’s
finger, toe, ear, forehead, foot, hand, heel or the like, using
an attachment mechanism such as a disposable tape, reus-
able housing, Velcro strap, or the like. The attachment
mechanism positions the emitter and detector in proximity to
the measurement site, such that the emitter projects energy
into the blood vessels and capillaries of the measurement
site, and the photodiode detector then detects the attenuated
energy. The emitted energy can be light or other forms of
energy. The detector communicates a signal indicative of the
detected attenuated energy to a signal processing device
such as an oximeter. The oximeter generally calculates,
among other things, one or more physiological parameters
of the measurement site.

[0005] In sensors where the detector detects emissions
through the measurement site, it is generally desirable to
position the detector opposite the emitter around the mea-
surement site, such as, for example, above and below a
finger. However, sensors are produced in a limited number
of sizes and shape configurations, while patients have, for
example, fingers and toes of many different sizes and shapes.

[0006] In addition, the attachment mechanism and the
electronic components of a sensor are generally curved
around a measurement site in a manner detrimental to one or
more elements of the sensor. For example, the attachment
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mechanism generally wraps around the measurement site at
an approximate “inner circle’” having a first radius, while the
electronic components such as the flexible circuits are
generally fixedly attached to the attachment mechanism.
Accordingly, the electronic components can form an
approximate “outer circle” having a second radius unequal
to the first radius. However, because the attachment mecha-
nism generally does not move independently with respect to
the electrical components, attachment of the sensor to the
measurement site can exert forces on the electrical compo-
nents, such as, for example, exerting forces which try to
lengthen, or longitudinally stretch the electrical components
to account for an increased radius thereof. The forced
stretching can damage the electrical components of a flex-
ible circuit, such as the conductive traces.

SUMMARY OF THE INVENTION

[0007] Based on the foregoing, embodiments of the
present invention include a sensor comprising reusable and
disposable sensor elements that permit longitudinal dis-
placement with respect to one another when the sensor is
attached to a measurement site. For example, in one embodi-
ment the sensor includes a reusable element and a disposable
element configured to receive the reusable element in a
releasable attachment assembly providing longitudinal dis-
placement between the disposable and reusable elements.
The longitudinal displacement advantageously allows the
sensor elements to self-adjust with respect to one another
during attachment to the measurement site. The self-adjust-
ment or independent movement advantageously reduces the
forces caused by longitudinal stretching, thereby reducing
damage to the reusable element.

[0008] One aspect of the invention relates to an optical
probe including a reusable element and a disposable element
that can be attached together by placing or snapping pro-
trusions on one element into apertures and receiving slots on
the other element. For example, the reusable element can be
fitted with protrusions made of plastic, and the disposable
element can be fitted with detents or tabs, which include
apertures or receiving slots. The reusable element attaches to
the disposable element by inserting, or snapping, the pro-
trusions into the apertures and the receiving slots of the tabs.
When assembled, at least some of the protrusions are
slidable within the receiving slots to independently move
along a longitudinal axis of the sensor, thereby providing
some longitudinal decoupling between the reusable element
and the disposable element.

[0009] Another aspect of the invention relates to a sensor
with a reusable element and a disposable element where the
reusable element is made of a flexible or pliable material and
includes one or more neck sections. The disposable element
includes two straps, each of which is configured to receive
a neck section. The reusable element and the disposable
element are attached together by placing the neck sections
within the straps. In one embodiment, the neck sections
include a long neck section and a short neck section. The
long neck section has a sufficient length to allow longitudi-
nal movement of the reusable element within the strap, thus
permitting movement of the reusable element with respect to
the disposable element.

[0010] Another aspect of the invention relates to a sensor
with a reusable element and a disposable element where the
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reusable element is secured by guides or tabs affixed to the
disposable element. The guides allow limited longitudinal
motion of the reusable element and thereby allow the
reusable element to flex independently of the disposable
element as the device is positioned on a patient.

[0011] Another aspect of the invention relates to a sensor
with a reusable element and a disposable element where the
reusable element is encased in a protective cover. In one
embodiment, the protective cover is made of a pliable
material and prevents any sharp edges from scratching or
poking a patient or caregiver. The protective cover also
advantageously prevents damage to the reusable element
that could occur from dirt, dust, liquids, or other elements of
the environment.

[0012] Yet another aspect of the invention relates to a
sensor with a reusable element and a disposable element
where the disposable element includes a breakable element.
After an approximate predetermined number of safe uses,
the breakable element breaks and the disposable element is
rendered inoperable or otherwise indicates its over use.

[0013] For purposes of summarizing the invention, certain
aspects, advantages and novel features of the invention have
been described herein. Of course, it is to be understood that
not necessarily all such aspects, advantages or features will
be embodied in any particular embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] A general architecture that implements the various
features of the invention will now be described with refer-
ence to the drawings. The drawings and the associated
descriptions are provided to illustrate embodiments of the
invention and not to limit the scope of the invention. The
drawings are not necessarily drawn to scale. Throughout the
drawings, reference numbers are re-used to indicate corre-
spondence between referenced elements. In addition, the
first digit of each reference number indicates the figure in
which the element first appears.

[0015] FIG. 1 illustrates a perspective view of an embodi-
ment of an unassembled sensor that includes reusable and
disposable elements.

[0016] FIG. 2 illustrates a perspective view of tabs of the
disposable element of FIG. 1.

[0017] FIG. 3A illustrates a cross-sectional view of
another embodiment of tabs of a disposable element.

[0018] FIG. 3B illustrates a cross-sectional view of yet
another embodiment of tabs of a disposable element.

[0019] FIG. 4A illustrates a cross-sectional view of the
two tabs of FIG. 2, adhesively attached to the disposable
element.

[0020] FIG. 4B illustrates a cross-sectional view of the
two tabs of FIG. 2, attached between layers of the disposable
element.

[0021] FIG. 5 illustrates a top view of the disposable
element of FIG. 1, including an information element and
breakable conductor.

[0022] FIG. 6 illustrates a top view of another embodi-
ment of an assembled sensor that includes reusable and
disposable elements.
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[0023] FIGS. 7A and 7B illustrate simplified cross-sec-
tional views of an embodiment of a strap of the disposable
element of FIG. 6.

[0024] FIG. 8 illustrates an exploded view of a disposable
element according to another embodiment of an optical
Sensor.

[0025] FIG. 9 illustrates a perspective view of the dispos-
able element of FIG. §.

[0026] FIG. 10 illustrates a perspective view of an
embodiment of a reusable element according to an embodi-
ment of the optical sensor of FIG. 8.

[0027] FIG. 11 illustrates a perspective view of a flex
circuit of the reusable element of FIG. 10.

[0028] FIG. 12 illustrates a perspective view of the
assembled optical sensor including the disposable element
of FIG. 8 and the reusable element of FIG. 10.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0029] FIG. 1 illustrates an embodiment of a sensor 100.
The sensor 100 includes a reusable element 110 and a
disposable element 120. According to one embodiment, the
reusable element 110 generally includes those components
of the sensor 100 that are more expensive, such as, for
example, one or more energy emitters, one or more energy
detectors, one or more breakable conductors, one or more
information elements, some or all of the same, or the like. In
addition, the reusable element 110 includes an assembly
mechanism generally shaped to mate with a corresponding
component of the disposable element 120, as will be dis-
closed in greater detail below.

[0030] The disposable element 120 generally includes
those components of the sensor 100 that are less expensive,
such as, for example, face tape, bandages, or other mecha-
nisms for removably attaching the reusable element 110 to
a measurement site. Moreover, the disposable element 120
includes a mating assembly mechanism generally shaped to
mate with assembly mechanism of the reusable element 110,
thereby attaching the reusable element 110 to the disposable
element 120 in a manner that provides for at least some self
adjustment or displacement between the elements.

[0031] When the disposable element 120 attaches the
reusable element 110 to tissue of a measurement site, a
signal processing device, such as an oximeter, activates the
energy emitters to transmit light energy into the tissue. The
tissue attenuates the light energy, which is then detected by
the detector. A signal indicative of the detected light energy
is then generally forwarded back to the signal processing
device for determination of one or more physiological
parameters of the tissue, such as, for example, oxygen
saturation, pulse rate, or the like.

[0032] Askilled artisan will recognize from the disclosure
herein that there are many combinations of differing shapes
and circuit configurations for the reusable and disposable
elements, 110 and 120, respectively, such as, for example,
those disclosed in U.S. Pat. No. 6,377,829, and U.S. patent
application Ser. No. 10/020,664, filed on Dec. 11, 2001, both
of which are hereby incorporated by reference.

[0033] As shown in the exemplary embodiment of FIG. 1,
the reusable element 110 can include one or more energy
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emitters 112, an energy detector 114, and an electrical
connector 116 electrically communicating with the emitters
112 and the detector 114 through a flexible circuit. Accord-
ing to one embodiment, the flexible circuit comprises mate-
rial of a generally flexible or pliable construction.

[0034] The reusable element 110 also includes the fore-
going assembly mechanism, such as, for example, the one or
more protrusions 118. According to one embodiment, the
protrusions 118 comprise approximately cylindrical-shaped
or tab-shaped extensions made of plastic or other durable
materials. FIG. 1, shows the reusable element 110 including
four protrusions 118, two opposing protrusions proximate a
front portion and extending in opposite generally horizontal
directions, and two opposing protrusions proximate a back
portion and extending in opposite generally horizontal direc-
tions. According to one embodiment, the protrusions 118
roughly align with one or more of the electronic components
of the sensor 100. As described below, the protrusions 118
each advantageously mate with the mating assembly mecha-
nism of the disposable element 120 in a manner providing
for at least some displacement of the reusable element 110
with respect to the disposable element 120, thereby avoiding
damage or harmful wear of the reusable element 110.

[0035] FIG. 1 also shows the flexible circuit including an
optical barrier, such as, for example, an aperture or gap 119
to reduce light energy from traveling from the emitter 112 to
the detector 114 without first passing through tissue at the
measurement site (i.e., light piping). A skilled artisan will
recognize from the disclosure herein that the gap 119 could
be replaced with opaque materials, protrusions, pads, tabs,
or other light blocking mechanisms.

[0036] Although disclosed with reference to preferred
embodiments, a skilled artisan will recognize from the
disclosure herein, a number of other embodiments of the
reusable element 110. For example, one or more of the
emitters 112 or the detector 114 can be located on the
disposable element 120. Moreover, the flexible circuit may
comprise plastic, electric wires, polyester substrates, or the
like.

[0037] FIG. 1 also shows the disposable element 120.
According to an embodiment, the disposable elemental 120
generally comprises a base 130 comprising a face tapestock
material similar to that of an adhesive bandage shaped to
position the reusable elemental proximate the measurement
site. The face tape can include an adhesive covered base
protected by one or more conveniently shaped release liners
or layers. Although illustrated in a conventional elongated
surface with opposing wings style shape, an artisan will
recognize from the disclosure herein that the tape may
comprise virtually any shape, including those disclosed in
U.S. patent application Ser. No. 10/020,664, referenced
above. Moreover, the disposable elemental 120 may com-
prise a Velcro strap, a foam wrap, a reusable plastic housing
or the like.

[0038] The disposable element 120 also includes the
assembly mechanism, illustrated as tabs 122 and 124. Each
of the tabs 122 include an aperture 132, while each of the
tabs 124 include a receiving slot 134. In one embodiment,
the apertures 132 and the receiving slots 134 have sufficient
depth to receive the protrusions 118. In other embodiments,
the apertures 132 and receiving slots 134 extend through the
tabs 122 and 124. As shown in FIG. 1, the tabs 122 and 124
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are shaped to removably receive the reusable elemental 110.
For example, the tabs 122 and 124 can include sloped
surfaces that cause the tabs 122 and 124 to displace out-
wardly during assembly of the sensor 100. For example,
when the reusable element 110 is properly positioned within
the tabs 122 and 124, the tabs 122 and 124 snap inwardly
over the reusable element 110 such that the protrusions 118
are within the apertures 132 and the receiving slots 134.
When assembled, wvertical and horizontal movement
between the reusable and disposable elements, 110 and 120
respectively, is substantially prevented by the relationship
between the tabs 122 and 124, the apertures 132, the slots
134 and the protrusions 118. However, the slots 134 provide
for displacement between elements along longitudinal axis A
when the disposable portion 120 is wrapped around a
measurement site by allowing the protrusions 118 to slide
back and forth within the slots 134. Thus, the assembly
mechanisms of the reusable and disposable elements, 110
and 120, provide independent movement between the ele-
ments, thereby allowing self-adjustment of the sensor 100 to
the differing radiuses of each element. Such construction
advantageously reduces the harmful stressing effects applied
to components of the reusable element 110.

[0039] FIG. 1 also shows that a gap 142, slot or aperture,
or otherwise transparent area can be included on the dis-
posable element 120 to permit light from the emitter 112 to
travel through the disposable element 120 to the tissue of the
measurement site. Moreover, another gap 144 can be
included on the disposable element 120 to permit attenuated
light from the measurement site tissue to travel through the
disposable element 120 to the detector 114. In another
embodiment, some or all of the base 130 of the disposable
element 120 is made of a transparent material, and the gaps
142 and 144 can be omitted.

[0040] A skilled artisan will recognize from the disclosure
herein that the tabs 122 and 124 of the disposable element
120 can be implemented in a wide variety of embodiments.
For example, an embodiment can include each of the tabs
122 and 124 having a receiving slot 134 while another
embodiment can include each of the tabs 122 and 124 having
an aperture 132.

[0041] FIG. 2 illustrates a perspective view of the tabs 124
including the receiving slots 134. As disclosed, the tabs 124
can be shaped to include a sloped surface 220 configured to
displace a ledge or catch 230 during sensor assembly. For
example, the sloped surface 220 displaces outwardly when
protrusions 118 are pressed in the direction of the arrow C.
Then when the reusable element 110 is properly positioned,
the protrusions 118 snap into the receiving slots 134 and the
catch 230 snaps over a top surface of the reusable element
110.

[0042] The receiving slots 134 are longer than the cross
sectional width of the protrusions 118 so that the protrusions
118 can move within the receiving slots 134 to different
positions along the longitudinal axis A of the disposable
element 120. The apertures 132, on the other hand, are sized
to allow protrusions 118 to be located within the apertures
132 but to prevent substantial movement along the longitu-
dinal axis A of the disposable element 120, thus ensuring
proper positioning of the sensor elements, with respect to the
tissue and one another.

[0043] In an embodiment, the reusable element 110 and
the disposable element 120 are assembled into the sensor
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100 when the protrusions 118 are snapped into the apertures
132 and the receiving slots 134 of the tabs 122 and 124. The
assembled sensor 100 is then attached to a measurement site,
through, for example, application of the adhesive covered
side of the face tape to tissue at the measurement site. During
application, the protrusions 118 within the receiving slots
134 move along the receiving slot 134, while the protrusions
118 remain positioned within the aperture 132. This type of
flexibility advantageously reduces the stretching force
placed on conventional reusable elements.

[0044] FIG. 2 also shows receiving slots 134 as grooves in
the walls 240 of the tabs 124, where the grooves do not
extend all the way through the walls 240. In other embodi-
ments, the receiving slots 134 can be open slots that extend
through the walls 240. Likewise, the aperture 132 can be
straightforward depressions, or punch through holes.

[0045] FIG. 3A illustrates a cross-sectional view of tabs
300 of another embodiment of a disposable element, such as
disposable element 120 of FIG. 1. The tabs 300 include the
receiving slot 134 for receiving the protrusions 118, but does
not include the sloped surface 220 or the catch 230 of FIG.
2. Thus, the reusable element 110 is assembled relying on
the interaction described in the foregoing between the pro-
trusions 118 and the apertures 132 and the slots 134.

[0046] FIG. 3B illustrates a cross-sectional view of tabs
310 of another embodiment of a disposable element, such as
the disposable element of FIG. 1. The tabs 310 include the
sloped surface 220 and the catch 230, but do not include the
receiving slot 134 or aperture 132. Thus, the sensor 100 is
assembled relying on the interaction between the catch 230
and the surface of the reusable element 110.

[0047] FIG. 4A illustrates a cross-sectional view of the
tabs 124 of FIG. 1 adhesively attached to the disposable
element 120, according to an embodiment. In FIG. 44, the
tabs 124 are attached to the base 130 by adhesive. In a
preferred arrangement, the tabs 124 share a common sub-
strate 310, and an adhesive is applied between the substrate
310 and the base 130 to attach the tabs 124 to the disposable
element 120.

[0048] FIG. 4B illustrates a cross-sectional view of the
tabs 124 of FIG. 1 attached between layers of the disposable
element 120 of FIG. 1, according to another embodiment. In
FIG. 4B, the tabs 124 are attached between two layers 410
and 420 of the base 130. In a preferred arrangement, the two
tabs 124 share a common substrate 310, and the substrate
310 is sandwiched between the layers 410 and 420.

[0049] A skilled artisan will recognize from the disclosure
herein that the embodiments disclosed with reference to
FIGS. 3 and 4 can be applied to one or both sets of the tabs
122 and 124. Moreover, a skilled artisan will recognize from
the disclosure herein that the protrusions 118 can be attached
to the reusable element 110 in a number of ways, such as, for
example, attached by adhesive to the reusable element 110,
manufactured as integral parts of the reusable element 110,
sandwiched between a top layer and a bottom layer of the
reusable element 110, or the like.

[0050] FIG. 5 illustrates a top view of the disposable
element of FIG. 1, including an information element 510,
contacts 520, and a breakable conductor 530, according to
yet another embodiment. The contacts 520 can electrically
connect with contacts on the flexible circuit of the reusable
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element 120, thereby adding the information element 510
and/or the breakable conductor 530 into the electric circuit
of the sensor 100. As is understood in the art, the information
element 510 can provide an indication of the sensor or
patient type, operating characteristics or the like, or that the
sensor 100 is from an authorized supplier. In an embodi-
ment, the information element 510 is a resistive element
made by depositing a conductive ink trace having a prede-
termined length and width. The information element 510 is
disposed between contacts 520, which can also be imple-
mented with conductive ink. As an artisan will recognize
from the disclosure herein, many type of information ele-
ments can be included, such as, for example, passive or
active elements, accessible memory elements, or the like.

[0051] The breakable conductor 530 is configured to break
after a predetermined number of safe uses, thus providing
quality control to ensure that the disposable element 120 is
not over used. Various embodiments of information element
510, contacts 520, and breakable conductor 530 can be
found in U.S. Pat. No. 6,377,829.

[0052] FIG. 6 illustrates a top view of an assembled sensor
600 that includes reusable and disposable elements, accord-
ing to another embodiment. As shown in FIG. 6, the sensor
600 includes a reusable element 610 and a disposable
element 620. The disposable element 620 includes straps
630 which position the reusable element 610 as described
below. As shown in FIG. 6, the reusable element 610 can be
similar to the reusable element 110 of the foregoing embodi-
ments, generally including, for example, the more expensive
components of the sensor 600. Moreover, disposable ele-
ment 620 can be similar to the disposable element 120 of the
foregoing embodiments, generally including for example, a
disposable tape. The disposable tape can be virtually any
suitable shape, and is shown in FIG. 6 in a generally “L”
shaped configuration.

[0053] FIG. 6 also shows the reusable portion 610 includ-
ing an extended narrow neck or notch 635 and a neck or
notch 640, each narrower in width than the general width of
the reusable element 610. The straps 630 attached to the
disposable element 620 extend over the necks 635 and 640
to position the reusable element 610 with respect to and
proximate the disposable element 620. The straps 630 pro-
vide for longitudinal movement between the elements of the
sensor 600 similar to that disclosed in the foregoing.

[0054] FIG. 7A illustrates a simplified cross-sectional
view of one of the straps 630 of the disposable element 620
of FIG. 6, according to an embodiment. The strap 630 may
comprise a hook-and-loop device such as Velcro. The strap
630 may alternatively be an integral part of the structure of
the disposable element 620. According to an embodiment,
the strap 630 includes blocks 720 forming a gap 710
therebetween. As shown in FIG. 7A, an embodiment of the
strap 620 can be removed from the disposable element 620
to permit the neck 630 of the reusable element 610 to be
placed within the gap 710, as show in FIG. 7B an artisan will
also recognize from the disclosure herein that the pliable
material of the reusable portion 610 can alternatively or
concurrently be compressed together and guided through
attached straps 630.

[0055] According to one embodiment, the gap 710 is as
wide or slightly wider than the necks 635 and 640, but
narrower than other adjacent portions of the reusable ele-
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ment 610. Therefore, once placed in the gaps 710 and
attached to the disposable element 620, the reusable element
610 can be moved along its longitudinal axis along the
arrows A and B (FIG. 7B), but only to the extent that the
necks 635 and 640 remain in the gaps 710.

[0056] In one embodiment shown in FIG. 6, the reusable
element 610 includes the relatively “long” neck 635 shown
near the top of the figure and a relatively “short” neck 640
shown near the bottom of the figure. Once the two necks 635
and 640 are placed within the straps 650, the long neck 635
allows the reusable element 610 to be moved along a
longitudinal axis of the disposable element 120. In contrast,
the short neck 640 prevents substantial movement along the
longitudinal axis. Thus, similar to embodiments disclosed in
the foregoing, the sensor 600 allows the neck 630 to self
adjust during application to a measurement site, thereby
avoiding damaging the reusable element 610.

[0057] FIG. 8 illustrates an exploded view of a disposable
element 810 according to another embodiment of an optical
sensor. The disposable element 810 includes a top layer 8§12,
at least one attachment mechanism, tab, or positioning guide
814, and an adhesive, preferably transparent, tape layer 816.
FIG. 8 shows tabs 814 positioned in a back-to-back or
opposing manner, as will be described in greater detail
below.

[0058] FIG. 8 shows the top layer 812 as a generally L
shaped tape or other pliable substrate including a first side
822 and a second side 824, although an artisan will recog-
nize from the disclosure herein that the virtually any shape
can be used which provides attachment to tissue of a patient.
According to an embodiment, the first side 822 includes a
breakable element 826, such as the conductive trace dis-
closed in U.S. Pat. No. 6,377,829, discussed in the forego-
ing. The breakable element 826 is included into the electrical
circuit of the optical sensor through electrical leads or
contacts 830 configured to electrically communicate with
contacts of a reusable element of the optical sensor. More-
over, the first side 822 of the top layer 812 can optionally
include an optical barrier layer 831, such as a layer of
material opaque or substantially opaque to light. The optical
barrier layer 831 is generally designed to help prevent
ambient light or light piping from interfering with the optical
signals before or after they are passed through the tissue of
the patient. In one embodiment, the barrier layer 831 com-
prises conductive trace material similar to that of the break-
able element 826.

[0059] According to an embodiment, the top layer 812
also includes a plurality of apertures 832, which when the
optical sensor is assembled, accept portions of the tabs 814
in a manner designed to provide proper placement, posi-
tioning, and support of the tabs 814. However, an artisan will
recognize from the disclosure herein that top layer 812 may
use ink outlines combined with adhesive, or the like to help
an assembler properly place and support the tabs 814 on the
first side 822 of the top layer 812.

[0060] Each tab 814 includes a base 836, a signal aperture
838, and grooves or slots 840. The base 836 connects and
supports each of two raised side members forming a gen-
erally U shaped structure. The signal apertures §38 comprise
holes through which a properly positioned sensor element
can emit or detect optical signals, and the raised side
members each include the slot 840, similar to the grooves
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134 of the tabs 124 of FIG. 1. However, unlike FIG. 1, an
embodiment of each of the slots 840 opens from one side of
the raised side member, extends along the side member, and
ends before the other side of the raised side member. Thus,
the slot 840 accepts a protrusion or the like from an insertion
side, and allows the protrusion to slide within the slot 840 to
the end thereof, proximate a blocked side. Moreover,
according to one embodiment, the blocked sides of the tabs
814 approximately adjacently oppose one another, such that
protrusions inserted into the insertion sides, are at one point
blocked from sliding closer than a predetermined distance
from one another by the blocked sides.

[0061] According to one embodiment, the tape layer 816
comprises a transparent tape or other substrate layer. The
tape layer 816 has a first side 846 and a second side 848.
When assembled, the first side 846 adheres to the top layer
812 and sandwiches the tabs 814 therebetween. The second
side 848 includes an adhesive, hook-and-loop, similar or
combination structure configured to secure the disposable
element 810 to tissue of a patient.

[0062] FIG. 8 also shows the disposable element 810
including a cable connector 850. The cable connector 850
generally provides for connection of the disposable element
810 to the remainder of a sensor, such as, for example, the
reusable elements. According to the exemplary embodiment,
the cable connector 850 comprises a plastic plate 852
including mating portions 854, such as, for exanple, raised
pliable detents that each including a catch. However, an
artisan will recognize from the disclosure herein any suitable
mating mechanism can be used to connect the disposable
element 810, including virtually any mechanical-type mat-
ing mechanism, adhesives, hook-and-loop materials, com-
binations, or the like.

[0063] When the disposable element 810 is assembled as
shown in FIG. 9, the bases 836 of the tabs 814 and the plate
852 communicate with the second side 824 of the top layer
812 and first side 846 of the tape layer 816 such that the
bases 836 of the tabs 814 and the plate 852 are secured in
position between the top layer 812 and the tape layer 816.
The raised side members of the tabs 814 extend through the
plurality of apertures 832 in the top layer 812, thereby
aligning the signal apertures 838 with apertures in the top
layer 812. Moreover, as shown in the illustrated embodi-
ment, the mating portions 854 of the cable connector 850
extend above the top layer 812.

[0064] FIG. 10 shows a perspective view of an embodi-
ment of a reusable element 1000. The reusable element 1000
preferably includes a protective cover or coating 1004
covering a plurality of electronic sensor elements 1005 and
a plurality of protrusions 1006. The reusable element 1000
also includes a cable connection housing 1008, and cord or
cable 1010. According to one embodiment, the protective
cover 1004 comprises a soft material, such as a pliable
rubber, plastic or the like, which preferably encapsulates and
protects the electronic sensor elements 1005 from damage
and advantageously protects caregivers and patients from
sharp corners often associated with the reusable element
1000, such as, for example, the protrusions 1006 or the
sensor elements 1005.

[0065] The protrusions 1006 extend from opposing sides
of the reusable element 1000 in generally horizontal and
opposing directions. To assemble the optical sensor, the
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protrusions are aligned with the outside-facing insertion side
of each of the slots 840 of the disposable element 8§10,
shown in FIG. 8, and are slid toward one another on each
side. As can be seen in FIG. 12, an embodiment of the
assembled sensor includes one or more of the protrusions
1006 abutting the blocked side of one pair of the slots 810,
while the other protrusions 1006 are proximate the blocked
side of the other pair of slots 810, thereby allowing the
reusable element 1000 to self adjust and avoid the detri-
mental stretching forces caused from application to a mea-
surement site.

[0066] FIG. 10 also shows the cable connection housing
1008 including insertion slots 1012 configured to receive
and mate with the mating portions 854 of the cable connec-
tor 850 shown in FIG. 8. When mated, the cable connection
housing 1008 provides electrical contact between the elec-
trical leads 830 of the disposable element 810 and the sensor
circuitry.

[0067] FIG. 11 illustrates a perspective view of portions of
the electronic sensor elements 1005 of the reusable element
1100 without the protective cover or coating 1004. The
elements 1005 include one or more energy emitters 1102,
such as one or more LEDs, an energy detector 1104, such as
a photodetector, electrically connected to a connector 1106
through a flexible circuit 1108. The connector 1106 is
configured to electrically communicate with the leads 830 of
the disposable element 810 when the sensor is assembled.
Moreover, the connector 1106 is configured to electrically
attach the conductive traces of the flexible circuit 1108 to the
conductors of the cable 1010.

[0068] FIG. 12 shows a perspective view of an assembled
sensor 1200. The sensor 1200 includes the reusable element
1000, including the disposable element 810 connected to the
connection housing 1008 through the mating portions 854 of
the cable connector 850, such that the breakable element 826
is part of the electrical circuitry of the sensor. In one
embodiment, the sensor is inoperative or otherwise provides
an indication of overuse or misuse when the breakable
element 826 is broken or otherwise becomes an open circuit.

[0069] As disclosed, when connected to the disposable
element 810, the protrusions 1006 have a limited range of
motion within the tabs 814, thereby giving the reusable
element 1000 a limited range of longitudinal motion inde-
pendent of the disposable element 810. As described with
other embodiments, this longitudinal motion allows the
disposable element 810 and the reusable element 1000 to
flex independently as the sensor 1200 is attached to tissue of
a user, such as a finger, toe, ear, or the like, thereby avoiding
damage or unnecessarily harmful wear of the reusable
element 1000. Also, this limited range of motion ensures at
least approximate proper alignment of various sensor com-
ponents.

[0070] After use, as with embodiments described above,
the disposable element 810 is removed and discarded, while
the reusable element 812 can be sterilized and reused.

[0071] Although the foregoing invention has been
described in terms of certain preferred embodiments, other
embodiments will be apparent to those of ordinary skill in
the art from the disclosure herein. For example, although the
above sections describe a reusable element fitted with pro-
trusions or necks and a disposable element fitted with
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apertures and receiving slots or straps, the embodiments can
be reversed having, for example, the reusable element fitted
with the apertures, receiving slots, or straps, and with the
disposable element fitted with the protrusions or necks.

[0072] Additionally, other combinations, omissions, sub-
stitutions and modifications will be apparent to the skilled
artisan in view of the disclosure herein. Accordingly, the
present invention is not intended to be limited by the
reaction of the preferred embodiments, but is to be defined
by reference to the appended claims.

What is claimed is:

1. A disposable portion of a noninvasive optical oximetry
sensor, the sensor capable of attaching to a tissue site and
providing signals usable by an oximeter, the signals being
indicative of light attenuated by body tissue at the tissue site
and including sufficient information for the oximeter to
determine one or more physiological parameters of the body
tissue including at least one of oxygen saturation or pulse
rate, the disposable portion comprising:

a first layer;

a plurality of attachment mechanisms matable with struc-
tural members of a reusable portion of said sensor, the
reusable portion including at least one light source and
at least one detector, each attachment mechanism
including a top protruding member and a base extend-
ing substantially perpendicular to the top member,
wherein when the attachment mechanisms are mated
with the structural members, at least one of the struc-
tural members can move with respect to a correspond-
ing one of said attachment mechanisms to allow self-
adjustment between the disposable portion and the
reusable portion when the disposable portion is applied
to a patient after sensor assembly; and

a second layer sandwiching the bases of the attachment
mechanisms between the first layer and the second
layer.

2. The disposable portion of claim 1 comprising a sensor
life monitor capable of indicating overuse of the disposable
portion.

3. The disposable portion of claim 1 comprising one or
more memory elements configured to store one or more of
an indication of sensor type, patient type, sensor operating
characteristics, or whether the disposable portion is manu-
factured by an authorized supplier.

4. The disposable portion of claim 1, wherein at least one
of said top members comprises a groove configured to
substantially limit vertical motion of a corresponding one of
said structural members while allowing for motion of said
corresponding one along said groove.

5. The disposable portion of claim 1, wherein at least one
of said top members comprises sides of a substantially “U”
shape.

6. The disposable portion of claim 1, wherein at least one
of said bases comprises an aperture.

7. The disposable portion of claim 1, wherein when the
attachment mechanisms are mated with the structural mem-
bers, the attachment mechanisms lock with said structural
members.

8. The disposable portion of claim 7, wherein said lock
reduces vertical movement between said structural members
and said attachment mechanisms.
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9. A method of assembling a noninvasive optical oximetry
sensot, the method comprising:

providing a disposable element of the sensor including a
plurality of attachment mechanisms matable with struc-
tural members of a reusable element of the sensor, each
attachment mechanism including a base flange config-
ured to mount with respect to said disposable element,
wherein when the attachment mechanisms are mated
with the structural members, at least a portion of the
structural members of the reusable element moves with
respect to at least a portion of a corresponding attach-
ment mechanism of the disposable element to reduce
stretching forces exerted on the reusable element dur-
ing attachment of the sensor to a measurement site; and

combining said reusable element with said disposable
element by mating the attachment mechanisms with the
structural members.

10. The method of claim 9, comprising attaching an
assembled noninvasive optical oximetry sensor to a tissue
site.

11. The method of claim 10, comprising activating a light
source of said reusable element to emit light onto the tissue
site, and providing signals to an oximeter indicative of light
attenuated by body tissue at the tissue site, the signals
providing the oximeter sufficient information to determine
one or more physiological parameters of the body tissue
including at least one of oxygen saturation or pulse rate.

12. The method of claim 10, comprising electronically
monitoring an amount of use of the assembled noninvasive
optical oximetry sensor.

13. The method of claim 10, comprising electronically
monitoring an amount of use of the disposable element of
the assembled noninvasive optical oximetry sensor.

14. The method of claim 10, wherein said attaching an
assembled noninvasive optical oximetry sensor to the tissue
site further comprises locking said structural members with
said attachment mechanism to reduce vertical movement
between said structural members and said attachment
mechanism.

15. The method of claim 9, accessing one or more
memory elements configured to store one or more of an
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indication of sensor type, patient type, sensor operating
characteristics, or whether the disposable portion is manu-
factured by an authorized supplier.

16. A method of applying a noninvasive oximetry sensor
to a measurement site, the method comprising:

combining a reusable element with a disposable element
to form the noninvasive oximetry sensor, wherein, after
assembly, at least one mating assembly of the reusable
element is capable of moving with respect to at least
one mating assembly of the disposable element to
reduce stretching forces exerted during application of
the sensor to a measurement site; and

applying the assembled sensor to the measurement site.

17. The method of claim 16, further comprising activating
a light source of said reusable element to emit light onto the
measurement site, and providing signals to an oximeter
indicative of light attenuated by body tissue at the measure-
ment site, the signals providing the oximeter sufficient
information to determine one or more physiological param-
eters of the body tissue including at least one of oxygen
saturation or pulse rate.

18. A noninvasive optical sensor comprising:

reusable means for emitting light into body tissue;

reusable means for detecting light attenuated by body
tissue;

disposable means for positioning said reusable means
proximate said body tissue, said disposable means
including means for combining said reusable means
with said disposable means while allowing for reduc-
tion of longitudinal stress caused when said disposable
means is applied to said body tissue.

19. The optical sensor of claim 18, wherein said means for
combining comprises protrusions and corresponding
grooves.

20. The optical sensor of claim 18, wherein when applied
to said body tissue, the protrusions slide within said corre-
sponding grooves to reduce a likelihood that the protrusions
can move perpendicular with respect to the grooves.
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