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PULSE OXIMETRY DEVICES AND SYSTEMS
AND METHODS OF MAKING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a Divisional of U.S. patent application Ser.
No. 14/079,660, which was filed on Nov. 14, 2013, and
entitled, “ARRAYS OF EMITTERS FOR PULSE OXIM-
ETRY DEVICES AND METHODS OF MAKING THE
SAME,” which is hereby incorporated by reference in its
entirely.

[0002] This invention was made with Government support
under grant number W81XWH1110833 POC awarded by the
U.S. Army. The Government has certain rights in the inven-
tion.

BACKGROUND

[0003] The embodiments of the specification elate to pulse
oximetry devices, and more particularly to pulse oximetry
devices having arrays of emitters.

[0004] Early detection of low blood oxygen is critical in a
wide variety of medical applications. For example, in case of
insufficient supply of oxygen to a patient during critical care
or surgical applications, the risk of permanent brain damage
or death may increase. Pulse oximetry is a non-invasive pro-
cedure for measuring an oxygen saturation level of arterial
blood, which is an indicator of a blood oxygenation. In pulse
oximetry measurements, two or more wavelengths of light are
passed through a portion of a body of the patient, where the
portion of the body contains arterial blood flow. Absorption
differences in the two or more wavelengths of light during
systolic and diastolic cardiac states are used to determine the
blood oxygen concentration.

[0005] A pulse oximeter, also known as a pulse oximetry
device, uses an optical sensor to measure the blood oxygen
saturation as well as pulse rates and degree of perfusion. In
operation, pulse oximeters are typically attached to a tissue
site on patient’s body part having the arterial blood flow. By
way of example, the pulse oximeters may be attached to a
finger, earlobe, or foot of the patient. In instances where the
pulse oximeter is attached to the finger, a sensor of the pulse
oximeter is disposed on one side of the finger such that emit-
ters of the sensor project light through outer tissues of the
finger and into blood vessels and capillaries present in the
finger. A photodiode positioned opposite to the emitters is
configured to detect emitted light emerging from the outer
tissues of the finger. The photodiode generates a signal based
on the detected emitted light. The photodiode then transmits
that signal to a processor of the pulse oximeter. The processor
determines blood oxygen saturation by computing a differ-
ential absorption by the arterial blood of the two or more
wavelengths (e.g., red and infrared) emitted by the sensor.
[0006] Existing pulse oximetry devices typically employ
clamp on designs for the pulse oximeters. The clamp on
designs have a rigid and non-flexible body.

BRIEF DESCRIPTION

[0007] Inoneembodiment, an array of emitters is provided.
The array of emitters includes a device substrate having a first
side and a second side, a thermally and electrically conductive
layer disposed on the first side of the device substrate, and an
interconnect layer disposed on a first plurality of portions of
the second side of the device substrate. The array of emitters
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further includes a plurality of emitters disposed in a second
plurality of portions of the device substrate, where the plural-
ity of emitters is electrically coupled to the thermally and
electrically conductive layer. Also, the array of emitters
includes a plurality of wirebond contacts configured to elec-
trically couple a portion of an interconnect layer to a corre-
sponding emitter of the plurality of emitters, and a plurality of
encapsulations, where one or more encapsulations of the plu-
rality of encapsulations are disposed on at least a portion of a
corresponding wirebond contact of the plurality of wirebond
contacts and the emitters of the plurality of emitters.

[0008] In another embodiment, a pulse oximetry system
having a pulse oximetry device is provided. The pulse oxim-
etry device includes a device substrate having a first side and
a second side, a thermally and electrically conductive layer
disposed on the first side of the device substrate, an intercon-
nect layer disposed on the second side of the device substrate,
and a plurality of arrays of emitters disposed on the second
side of the device substrate, wherein the plurality of arrays of
the emitters is electrically coupled to the thermally and elec-
trically conductive layer. Further, the pulse oximetry device
includes a plurality of detectors disposed on the second side
of the device substrate, and a plurality of wirebond contacts
configured to electrically couple a portion of an interconnect
layer to a corresponding emitter of the plurality of arrays of
the emitters. The plurality of detectors is configured to detect
emission signals emitted by one or more emitters of the plu-
rality of arrays of the emitters. The pulse oximetry system
further includes a processor configured to process the
detected emission signals.

[0009] In yet another embodiment, a method of making a
pulse oximetry device includes providing a device substrate
having a first side and a second side, where a thermally and
electrically conductive layer is disposed on at least a portion
of the first side of the device substrate. Further, the method
includes disposing an interconnect layer on a first plurality of
portions of the second side of the device substrate, forming a
plurality of cavities in a second plurality of portions on the
second side of the device substrate, and disposing one or more
emitters in corresponding cavities of the plurality of cavities
to form a plurality of arrays of emitters on the second side of
the device substrate. Moreover, the method includes provid-
ing a plurality of wirebond contacts such that each wirebond
contact electrically couples at least a portion of the intercon-
nect layer to a corresponding emitter of the plurality of arrays
of the emitters, and disposing a plurality of detectors on the
second side of the device substrate.

DRAWINGS

[0010] These and other features and aspects of embodi-
ments of the invention will become better understood when
the following detailed description is read withreference to the
accompanying drawings in which like characters represent
like parts throughout the drawings, wherein:

[0011] FIG. 1 is a cross-sectional view of an example
method of making an array of emitters, in accordance with
aspects of the specification;

[0012] FIG. 2is a cross-sectional view of a portion of an
example array of emitters, in accordance with aspects of the
specification;

[0013] FIG. 3is atop view of a portion of an example array
of emitters having conductive paths configured to connect the
emitters of the array of emitters to an external connector, in
accordance with aspects of the specification;
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[0014] FIG. 4 is a cross-sectional view of a plurality of
arrays of emitters disposed on a device substrate, where each
array of the plurality of arrays includes a corresponding
encapsulation, in accordance with aspects of the specifica-
tion;

[0015] FIG. 5 is a schematic representation of an example
pulse oximetry system having a pulse oximetry device, where
the pulse oximetry device includes anarray of emitters, in
accordance with aspects of the specification;

[0016] FIG. 6 is a top view of a pulse oximetry device
having a plurality of arrays of emitters disposed in a row on a
flexible device substrate, and a plurality of detectors disposed
in another row on the flexible device substrate, in accordance
with aspects of the specification;

[0017] FIG. 7 is a top view of a pulse oximetry device
having a plurality of arrays of emitters and a plurality of
detectors, where one or more arrays of the plurality of arrays
of the emitters and one or more detectors of the plurality of
detectors are disposed orthogonally opposite to each other, in
accordance with aspects of the specification;

[0018] FIG. 8 is a perspective view of an example pulse
oximetry device configured to operate in a reflection mode, in
accordance with aspects of the specification;

[0019] FIG. 9 is a perspective view of a pulse oximetry
device in a transmission mode, in accordance with aspects of
the specification;

[0020] FIG. 10 is a cross-sectional view of a portion of a
pulse oximetry device employing an external connector and
through vias, in accordance with aspects of the specification;
[0021] FIG. 11 is a top down view of a portion of an
example pulse oximetry device having electrical connections
or traces disposed between emitters of a plurality of arrays of
emitters and an external connector, in accordance with
aspects of the specification;

[0022] FIG. 12 is a perspective view of an example cable
assembly configured to operatively couple a pulse oximetry
device to an external device or circuitry, in accordance with
aspects of the specification; and

[0023] FIG. 13 is a perspective view of an example pulse
oximetry device operatively coupled to a finger of a patient,
where the pulse oximetry device is coupled to the cable
assembly of FIG. 12, in accordance with aspects of the speci-
fication.

DETAILED DESCRIPTION

[0024] In certain embodiments of the specification, a plu-
rality of arrays of emitters and methods of making the same
are provided. In certain other embodiments of the specifica-
tion, pulse oximetry devices employing the plurality of arrays
of the emitters are provided. In one embodiment, the plurality
of arrays of the emitters may be disposed on a flexible device
substrate. Accordingly, the plurality of arrays of the emitters
may be configured to be molded into non-flat shapes, as
required, without producing undesirable strain in the arrays.
Advantageously, the plurality of arrays of the emitters may be
bendable to a determined extent without introducing any
undesirable strain in the plurality of arrays of the emitters.

[0025] In certain embodiments, the array of emitters may
be printed on one or more flat, non-flat or flexible surfaces
made of materials, such as, but not limited to, polyimide,
polyethylene terephthalate (PET) (e.g., biaxially oriented
PET), glass, plastic, rubber, metal, or combinations thereof.
The array of emitters may be used in various applications,
such as, but not limited to, wearable health monitors and
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biomedical imaging devices. In a particular embodiment, the
array of emitters may be used in small sized, wearable elec-
tronics. In one example, the wearable electronics may include
apulse oximetry device. The pulse oximetry device may be a
part of a pulse oximetry system.

[0026] In some embodiments, the pulse oximetry device
having the plurality of arrays of the emitters may be a flexible
device. Advantageously, as compared to commercially avail-
able pulse oximetry devices, the pulse oximetry device of the
specification may be configured to be disposed relatively
closer to a surface of a portion ofa body, where the portion of
the body includes a region of interest. For example, the region
of interest may include a region in the portion of the body that
has arterial blood flow. Non-limiting examples of the portions
of the body having the region of interest may include one or
more of a finger, an earlobe, or a foot. In one example, the
pulse oximetry device may be disposed around a portion of a
fingerina fashion similar to disposing a band aid. The flexible
nature of the pulse oximetry device of the specification
enables the emitters and detectors of the pulse oximetry
device to be disposed in close proximity to tissues in the
region of interest. Further, the flexible body allows the sensor
to be placed on different parts of the body, and may conform
to different body shapes as required.

[0027] FIG. 1 illustrates a flow diagram 10 of an example
method of making an array of emitters. For ease of represen-
tation, and clarity of drawings, in the illustrated flow diagram
10 only a portion of the array of emitters is illustrated. How-
ever, it should be noted that remaining portions of the array of
emitters may be fabricated using similar or identical process
steps. The method may commence by providing a device
substrate 12 having a first side 14 and a second side 16. The
device substrate 12 may be a flexible device substrate that is
configured to bend to a desirable extent. Non-limiting
examples of a material of the device substrate 12 may include
polymer, rubber, glass, or combinations thereof. In one
example, the device substrate 12 may be made of polyimide.
In one example, the step of providing the device substrate 12
may include forming a film of the material of the device
substrate 12. The techniques for forming the film may include
deposition techniques, such as, but not limited to, spray depo-
sition, vapor deposition techniques, plasma assisted deposi-
tion techniques, or printing techniques. Non-limiting
examples of the printing techniques may include techniques,
such as, but not limited to, screen printing for a flat surface,
inkjet printing for a flat surface, pad printing for a curved
surface, gravure printing, flexographic printing, conventional
flex circuit fabrication, printed circuit board fabrication, or
combinations thereof.

[0028] Next, a thermally and electrically conductive layer
18 is disposed on the first side 14 of the device substrate 12.
Non-limiting examples of materials for the thermally and
electrically conductive layer 18 may include copper, metal
composites of copper, metal composites of copper and
molybdenum, metal composites of copper and tungsten, com-
posites of aluminum or copper graphite, copper clad metal
alloys, or combinations thereof. In one example, the metal
alloys present in the copper clad metal alloys may include one
or more of iron, nickel, cobalt or manganese (e.g., copper clad
iron-nickel-cobalt alloy). The thermally and electrically con-
ductive layer 18 may be configured to provide an electrical
coupling between an emitter 32 and an electrical device (not
shown) or an electrical connection (not shown) that is external
to the array of emitters. The thermally and electrically con-
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ductive layer 18 may be configured to act as a heat sink for the
array of emitters. In one embodiment, the thermally and elec-
trically conductive layer 18 may be made of a layered struc-
ture having a composition titanium-copper-nickel-gold. A
thickness 20 of the thermally and electrically conductive
layer 18 may be such that the thermally and electrically con-
ductive layer 18 facilitates heat dissipation. In one example,
the thickness 20 of the thermally and electrically conductive
layer 18 may be in a range from about 10 microns to about 50
microns. In one embodiment, the step of providing the device
substrate 12 may include the step of providing the device
substrate 12 having the thermally and electrically conductive
layer 18 disposed on the first side 14 of the device substrate
12. In one example, a film of the material of the device
substrate 12 may include copper cladding. By way of
example, the copper cladding may be formed on the device
substrate 12 using metallization.

[0029] Aninterconnectlayer 22 may be disposed on at least
a portion 23 of the second side 16 of the device substrate 12.
Non-limiting examples of the interconnect material may
include one or more electrically conductive materials, such
as, but not limited to, titanium, copper, nickel, aluminum, or
combinations thereof. In one embodiment, the interconnect
layer 22 may be a pre-patterned layer that may be disposed on
the second side 16 of the device substrate 12. In this embodi-
ment, the patterned layer may be disposed on the portion 23 of
the second side 16 of the device substrate 12. In another
embodiment, the interconnect layer 22 may be made by form-
ing a layer of interconnect material and patterning the layer of
the interconnect material. In this embodiment, the layer of the
interconnect material may be disposed on and outside the
portion 23 on the second side 16 of the device substrate 12,
and then the layer of the interconnect material may be pat-
terned such that the layer of the interconnect material is
present only in portion 23 of the second side 16 of the device
substrate 12. In one example, the patterning of the layer of
interconnect material may be performed using techniques,
such as but not limited to, masking, etching, lithography, or
combinations thereof. In some embodiments, the intercon-
nect layer 22 may be disposed on the device substrate 12
using deposition techniques, such as, but not limited to, met-
allization, sputtering, thin film deposition techniques, spray-
ing, or combinations thereof. After disposing the interconnect
layer 22, a protective cover 24 may be disposed on at least a
portion of the interconnect layer 22. The protective cover 24
may include structures made of electrically non-conductive
materials, such as, but not limited to, polyimide coverlay,
epoxy solder mask, or combinations thereof.

[0030] Subsequent to, or before disposing the interconnect
layer 22, protective cover 24, or both, another portion 26 of
the device substrate 12 may be processed to form a cavity 28.
In one embodiment, the cavity 28 may be formed by employ-
ing techniques, such as, but not limited to, etching, masking,
ablation, lithography, or combinations thereof. In some
embodiments, the cavity 28 may be configured to receive a
single emitter 32. Alternatively, in some other embodiments,
the cavity 28 may be configured to receive one or more arrays
of the emitters. Alternatively, in place of cavities 28, metal
pads may be disposed on the first and second sides of the
device substrate 12, the metal pads disposed on opposite sides
of the device substrate 12 may be coupled using thermal vias.
[0031] Next, an electrically conductive coupler 30 is dis-
posed in at least a portion of the cavity 28. Subsequently, an
emitter 32 is disposed on at least a portion of the conductive
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coupler 30 to mechanically couple the emitter 32 to the ther-
mally and electrically conductive layer 18. In one example,
the cavity 28 may be a through cavity to provide thermal
grounding to the emitter 32 and to provide electrical connec-
tion between the emitter 32 and the electrically conductive
layer 18. In one embodiment, the electrically conductive cou-
pler 30 may include electrically conductive adhesive, such as,
but not limited to. silver epoxy. The electrically conductive
coupler 30 may be configured to facilitate thermal conduc-
tivity between the emitter 32 and the thermally and electri-
cally conductive layer 18 to enhance thermal dissipation from
the array of emitters 32. In another embodiment, the reference
numeral 30 may be used to represent a shim or plug or any
other like fastener that may be configured to receive and
mechanically couple the emitter 32 to the thermally and elec-
trically conductive layer 18 while providing an electrical
connection between the emitter 32 and the thermally and
electrically conductive layer 18. On one side the emitter 32 is
electrically coupled to the thermally and electrically conduc-
tive layer 18, while on the other side the emitter 32 may
include an electrical contact 34 to facilitate electrical cou-
pling between the emitter 32 and the interconnect layer 22. In
one embodiment, the electrical contact 34 may include I/O
contact pads that are pre-patterned on the emitter 32.

[0032] In embodiments where the electrically conductive
coupler 30 includes an electrically conductive adhesive, the
electrically conductive adhesive may be configured to form
bonds upon exposure to determined environmental condi-
tions, such as, but not limited to, a determined temperature, a
determined pressure, or both. In one embodiment, the deter-
mined pressure, the determined temperature, cure time, or
combinations thereof, may be decided based on chemical
composition, viscosity, of the electrically conductive coupler
30. In a non-limiting example, the electrically conductive
coupler may be room temperature cured or ultraviolet (UV)
light cured adhesive. The electrically conductive coupler 30
may be easy to use and disposed in a portion of the cavity 28
using deposition techniques such as, but not limited to, screen
printing, spray deposition, pasting, machine, dispensing, jet-
ting, machine dispensing, stamping, hand applying, or com-
binations thereof.

[0033] As noted above, electrical coupling between the
emitter 32 and the thermally and electrically conductive layer
18 is provided via the electrically conductive coupler 30.
Further, electrical coupling between the emitter 32 and the
interconnect layer 22 is provided via a wirebond contact 36.
Advantageously, wirebond contacts are cost-effective, flex-
ible and reliable. The wirebond contact 36 may be formed
using one or more of gold, aluminum, copper. In certain
embodiments, forming the wirebond contact 36 may include
ball bonding, wedge bonding, compliant bonding, or combi-
nations thereof. Bond pads may be formed on the emitter 32,
interconnect layer 22, or both as a precursor to forming the
wirebond contact 36 between the emitter 32 and the intercon-
nect layer 22. Further, forming the wirebond contact 36 may
include applying one or more of heat, pressure, radiation,
ultrasonic energy to facilitate coupling of the wirebond con-
tact 36 to the interconnect layer 22 and the electrical contact
34 on the emitter 32.

[0034] Subsequent to forming the wirebond contact 36, the
wirebond contact 36 and at least a portion of the emitter 32
may be encapsulated using an encapsulation 38 to form a
portion 41 of an array of emitters. In some embodiments, the
encapsulation 38 may be formed by dispensing an encapsu-
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lation material in a desirable location on the device substrate
12 and curing the material for a determined time. In one
embodiment, the encapsulation 38 may be made of an elec-
trically non-conductive material, such as, but not limited to,
silicone, epoxy, or combinations thereof. In some embodi-
ments, the encapsulation 38 may be made of material that is
configured to allow at least a portion of emission signals
emitted by the emitter 32 to transmit through the encapsula-
tion 38. By way of example, in instances where a pulse
oximetry device employs emitters configured to emit in red
and infrared wavelength ranges, the encapsulation 38 may be
made of material that is transparent to red and infrared wave-
length ranges.

[0035] In some embodiments, one or more steps in the
method of making the emitter assembly may be performed in
parallel. In one embodiment, similar steps for various por-
tions of the array of emitters may be performed in parallel. For
example, a step of forming cavities on a device substrate for
receiving emitters may be performed in parallel in a single
step for all the cavities in a single step instead of forming the
cavities in a time sequential manner for different portions of
the array. Performing a step for different portions of the array
in a parallel fashion may reduce the manufacturing time,
thereby making the process time efficient. Further, although
not illustrated, the array 10 may include different volumes of
the electrically conductive coupler 30 to account for height
differences in heights of the emitters 32 disposed in the cavi-
ties 28. In one embodiment, the method of making the array of
emitters may include roll-to-roll processing.

[0036] FIG. 2 illustrates a cross-sectional view of an
example array 40 of emitters 42 having a plurality of emitters
42 disposed in corresponding cavities 50 present in a device
substrate 44. F1G. 3 illustrates a top view 43 of the array of the
emitters 42 of FIG. 2. The emitters 42 of the array 40 may be
of same or different types. Non-limiting examples of the type
of emitters 42 may include light emitting diodes, transmitters,
photodiodes, or combinations thereof. The emitters 42 of the
array 40 may be a part of an emitter drive or detection cir-
cuitry. The emitters 42 may be individually and indepen-
dently controlled using a thermally and electrically conduc-
tive layer 46 and an interconnect layer 54. In one
embodiment, the array 40 may bea flexible array. A size of the
flexible array 40 may be decided based on the application. In
one example, the flexible array 40 may include a 4x4 or 6x6
array 40 of the emitters 42. The array 40 of the emitters 42
may be used in diagnostic devices, healthcare systems, moni-
toring devices, or combinations thereof. In one embodiment,
the array 40 of the emitters 42 may be used in wearable
monitoring devices. In particular, the array 40 of the emitters
42 may be used in pulse oximetry devices that are wearable.
For example, the pulse oximetry device may be configured to
be disposed around a portion of a finger of the patient. Light
weight and flexible nature of the array 40 of the emitters 42
renders the array 40 suitable for use in wearable monitoring
devices, where the devices need to be disposed on a portion of
abody for extended periods of time. In certain embodiments,
the array 40 of the emitters 42 may be employed in detection
devices, such as but not limited to, a pulse oximeter. In certain
other embodiments, the array of emitters may be employed in
display applications (display products, display emitters, or
signage), and light emitters. Advantageously, the array 40 of
the emitters 42 is thin, robust and flexible. The flexible array
40 may be thin enough to bend to a desirable extent without
introducing any undesirable strains in the array 40.
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[0037] Intheillustrated embodiment, the flexible array may
also include a plurality of encapsulations 48, wherein each
encapsulation of the plurality of encapsulations 48 is dis-
posed on a corresponding emitter 42 and a corresponding
wirebond contact 52 of the plurality of wirebond contacts 52.
Moreover, each of the wirebond contact 52 of the plurality of
wirebond contacts 52 is configured to electrically couple an
emitter 42 of the plurality of emitters 42 to at least a portion of
the interconnect layer 54. Each encapsulation 48 may be
configured to protect the corresponding emitter 42 and the
wirebond contact 52 of the flexible array 40. In one embodi-
ment, the encapsulation 48 may be cured for a determined
period of time. In one example, the encapsulation 48 may be
exposed to ultraviolet radiation, visible radiation to cure the
encapsulation 48. Curing the encapsulation 48 may facilitate
mechanical strengthening of the encapsulation 48. In one
embodiment, materials for the encapsulation 48 may include
resins, such as, but not limited to, epoxy. The material of the
encapsulation 48 may be configured to provide electrical
isolation to the wirebond contact 52 and also provide the
ability to withstand mechanical stress, and thermal shock,
without developing any voids or cracks while providing an
optically transparent path for the emitters. The array 40 may
further include a plurality of protective covers 56 disposed on
at least a portion of the interconnect layer 54.

[0038] As will be described with respect to FIG. 4, in one
embodiment, fewer suitably sized encapsulations may be
used in place of the plurality of encapsulations 48 of FIG. 2.
By way of example, a larger encapsulation may be used in
instances where higher packing density of emitters 42 is
desirable in the array 40 of the emitters 42. In one embodi-
ment, a larger encapsulation may be configured to encapsu-
late an array of emitters and corresponding wirebond con-
tacts.

[0039] FIG. 3 illustrates bond pads 58 formed on portions
of the interconnect layer 54. The plurality of emitters 42 may
be coupled to an external connector (not shown), or device
(not shown) via conductive paths or traces 60. The conductive
paths 60 are routed out of the array 40 of the emitters 42 to an
external connector or other cabling or wireless communica-
tion, to connect the array 40 of the emitters 42 to a processor
or a user interface. In one embodiment, the plurality of emit-
ters may be operatively coupled to a display device, a proces-
sor, a monitoring device, or combinations thereof. Further, as
discussed hereinafter with regard to FIG. 4, in some embodi-
ments, a common cavity may be used to dispose the plurality
of emitters 42. In this embodiment, a common encapsulation
may be used to protect the plurality of emitters disposed in the
common cavity.

[0040] FIG. 4 illustrates a portion 62 of a pulse oximetry
device (not shown) having a plurality of arrays 64 of emitters
66. The portion 62 includes a flexible device substrate 68
having a first side 70 and a second side 72. A thermally and
electrically conductive layer 74 is disposed on the first side 70
of the flexible device substrate 68. Further a plurality of
cavities 76 is formed on the second side 72 of the flexible
device substrate 68. Each cavity 76 of the plurality of cavities
76 is a through cavity that extends from the second side 72 of
the flexible device substrate 68 to the thermally and electri-
cally conductive layer 74. Further, each cavity 76 of the
plurality of cavities 76 is configured to receive an array 64 of
the emitters 66. Additionally, the portion 62 includes a plu-
rality of encapsulations 78. Each encapsulation 78 of the
plurality of encapsulations is disposed on a cavity 76 of the
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plurality of cavities 76 such that the encapsulation covers the
array 64 and wirebond contacts 80 present in the array 64.
Moreover, the portion 62 may include interconnect layer 82
and a protective cover 84. In the illustrated example, the array
64 may be a 3x3 or 4x4 array of light emitting diodes.

[0041] FIG.5illustrates an example embodiment of a pulse
oximetry system 100 employing a pulse oximetry device 102.
The pulse oximetry device 102 is configured to be coupled to
a patient (not shown). By way of example, the pulse oximetry
device 102 may be configured to be coupled to a fingertip 104
of the patient. Alternatively, the pulse oximetry device 102
may be configured to be coupled to an earlobe, or in the case
ofan infant, a foot of the infant. Other tissue sites may include
the forehead, head, chest, neck or other tissue sites suitable
for pulse oximeters with emitters and detectors positioned
side by side. In the illustrated embodiment, the pulse oxim-
etry device 102 may include a plurality of arrays of the emit-
ters 106 and a plurality of photodetectors 114. The emitters
106 may be light emitting diodes (not shown). The array of
light emitting diodes may be a flexible array. In one example,
the emitters 106 may be configured to emit light in two or
more wavelengths or wavelength ranges. The light 110 emit-
ted by the emitters 106 may pass through the patient or inter-
act with tissues in a portion of a body of the patient without
passing through the body part of the patient. For example, the
light 110 may pass through the fingertip 104 of the patient.
Alternatively, the light merely interacts with a portion of the
tissues present in the fingertip 104 without travelling com-
pletely through the fingertip 104. A portion of the light 110
that passes through the fingertip 104 may be absorbed or
reflected by the tissues in the fingertip 104 and the remaining
portion 112 of the light 110 may be received by the plurality
of photodetectors 114. The changing absorbance at each of
the wavelengths from the emitters 106 may be measured
using the plurality of photodetectors 114. Based on the
absorptions measured at the different wavelengths, absorp-
tions due to the pulsing arterial blood may be determined
using a processor 116. Advantageously, the absorbance due to
arterial blood may exclude absorbance of light due to venous
blood, skin, bone, muscle, fat, and other elements, such as nail
paint. Inone embodiment, based on the absorbance oflight by
the patient, the processor 116 may be configured to control
wavelengths emitted by the emitters 106.

[0042] The system 100 may further include a display mem-
ber 118 configured to display a blood saturation level. Addi-
tionally, the display member 118 may be configured to dis-
play a plethysmographic waveform of the pulse signal. The
plethysmographic waveform may be characterized by two
waveforms, namely, a fast frequency waveform that is repre-
sentative of heart stroke volume, and a slow frequency wave-
form that is representative of a respiration rate. In one
embodiment, the display member 118 may be integral part of
the pulse oximetry device 102. Alternatively, in another
embodiment, the display member 118 may be external to the
pulse oximetry device 102. In this embodiment, the display
member 118 may be operatively coupled to the pulse oxim-
etry device 102 using a wired or wireless connection.

[0043] FIG. 6 illustrates an example of a pulse oximetry
device 150 having a plurality of arrays 152 of emitters and a
plurality of detectors 156. In one example, the emitters may
be light emitting diodes 154. One or more light emitting
diodes 154 of one or more arrays 152 of the plurality of arrays
152 ofthe light emitting diodes 154 may be configured to emit
at wavelengths that are different from wavelengths emitted by
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other light emitting diodes 154 of the same array 152. In one
example, each light emitting diode 154 of an array 152 of 8
light emitting diodes 154 may be configured to emit wave-
lengths that are different from wavelengths emitted by the
other 7 light emitting diodes. In this particular example, the
array 152 of the 8 light emitting diodes 154 may be configured
to emit 8 different wavelengths. Advantageously, different
wavelengths emitted by the different light emitting diodes
154 are capable of detecting absorption differences beyond
oxygen saturation and may provide information on total
hemoglobin as well as other absorption species.

[0044] Emission signals from the different light emitting
diodes 154 of the different arrays 152 may be received by one
or more detectors 156 of the plurality of detectors. The plu-
rality of arrays 152 of the light emitting diodes 154 and the
plurality of detectors 156 may be disposed on a flexible
device substrate 158. The light emitting diodes 154 may be
disposed on the flexible device substrate 158 using the meth-
ods described with respect to FIG. 1. Further, the plurality of
detectors 156 may be disposed on the flexible device substrate
158 using the method described with respect to FIG. 1. Alter-
natively, the plurality of detectors 156 may be disposed on the
flexible device substrate 158 using other deposition tech-
niques known in the art. In one embodiment, the plurality of
detectors 156 may be disposed on the flexible device substrate
158 such that the plurality of detectors 156 is operatively
coupled to a thermally and electrically conductive layer (not
shown) disposed on a side of the device substrate 158 that is
opposite to the side on which the plurality of arrays 152 of the
light emitting diodes 154 and the plurality of detectors 156 are
disposed. In the illustrated embodiment of FIG. 6, the layout
ofthe plurality of arrays 152 and the plurality of detectors 156
is such that each array 152 has a detector 156 disposed in
parallel opposite to that array 152. The detector 156 disposed
in parallel opposite to a particular array 152 may be config-
ured to detect signals from the light emitting diodes 154 of
that particular array 152 disposed directly opposite to the
detector 156 as well as from light emitting diodes 154 of other
arrays 152 of the plurality of arrays 152. Although not illus-
trated, in an alternate embodiment, the detectors 156 may be
disposed such that the arrangement of detectors 156 may be
slightly offset with respect to the arrangement of the arrays
152. As with the illustrated embodiment of FIG. 6, in this
embodiment also one or more detectors 156 may be config-
ured to detect signals corresponding to one or more light
emitting diodes 154 of one or more arrays 152.

[0045] Incertain embodiments, a distance 155 between any
two neighboring arrays 152 may be substantially similar or
different. Further, the distance between a detector 156 and
one or more arrays 152 may be such that light emitted by the
light emitting diodes 154 and reflected or transmitted by the
tissues present at different depths may be detected by the
detectors 156. The pulse oximetry device 150 may be config-
ured to operate in reflection or transmission mode. In the
reflection mode of the device 150, the detectors 156 are con-
figured to acquire emission signals that are scattered out of the
patient on the same tissue side as the emitters, i.e., the light
emitting diodes 154, but are laterally displaced with respect to
the light emitting diodes 154. Whereas, in the transmission
mode of the device 150, the detectors 156 are configured to
acquire signals that penetrate through the tissues and other
physiological structures to reach the detectors 156.

[0046] FIG. 7 illustrates another embodiment 160 of the
pulse oximetry device 150 of FIG. 6. In the illustrated
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embodiment, a pulse oximetry device 160 includes an
arrangement where a plurality of arrays 162 of emitters 164
and a plurality of detectors 166 may be disposed orthogonally
opposite to one another. The pulse oximetry device 160 may
be configured to operate in reflection mode, transmission
mode, or both.

[0047] FIG. 8 illustrates an example embodiment of a
reflection mode pulse oximetry device 170 disposed on a
finger 172 of a patient. It should be noted that the pulse
oximetry device 170 may be disposed on any other suitable
body part of the patient. In the illustrated embodiment, unlike
the currently available, conventional clamp-on pulse oxime-
ters the pulse oximeters device 170 is disposed on only one
side of the finger 172 of the patient. When disposed on one
side of a portion of the body, such as the finger 172, the pulse
oximetry device 170 is configured to operate in the reflection
mode. However, when disposed around a portion of a body,
the same pulse oximetry device 170 may be configured to
operate in a transmission mode, or a combination of reflection
and transmission modes. As illustrated, in reflection mode,
emission signals 174 emitted by one or more emitters 176 of
a plurality of arrays 173 of emitters 176 may be reflected by
tissues 178 in the finger 172. The reflected signals 182 are
detected by one or more detectors 180 of a plurality of detec-
tors 180. Although not illustrated, different layouts of the
plurality of arrays of emitters 176 and the plurality of detec-
tors 180 may be employed in the device 170. For example, the
layouts may include the arrays 173 of the emitters 176 and the
plurality of detectors 180 disposed in parallel opposite to one
another, orthogonally opposite to each other, disposed at an
offset from one another, or combinations thereof. In the
reflection mode, the pulse oximetry device 170 is designed
such that the emitters 176 and the detectors 180 are disposed
on the same side of the finger 172. The signals emitted by an
emitter 176 may penetrate the tissue 178 in the finger 172 at
different depths. The signals 174 closer to the skin may be
received by a detector 180 disposed closer to the emitter 176.
Similarly, the reflected signals 182 that have penetrated rela-
tively deeper in the finger 172 may be received by a detector
180 disposed farther away from the emitter 176. Accordingly,
the plurality of detectors 180 may be used to acquire signals
from different depths in the tissue, e.g., the tissue of the finger
172. The plurality of emitters 176 may include a combination
of emitters of different wavelengths to facilitate tissue inter-
action with the emitted signal for tissues disposed at different
depths in the region of interest. By way of example, each
emitters 176 corresponding to an array of emitters may be
configured to emitin a wavelength range that is different from
a wavelength range of emission of other emitters 176 in the
same array. In one embodiment, a single detector 180 may be
used to detect reflected signals 182 corresponding to emission
signals 174 from two or more emitters 176 at different tissue
depths using time multiplexing.

[0048] FIG.9illustrates an example embodiment of a pulse
oximetry device 190 that is configured to operate in both
reflection as well as transmission modes. The pulse oximetry
device 190 is configured to be at least in part disposed around
a portion of a body part, such as a finger 191, from where an
oxygen saturation level of blood needs to be measured. As
illustrated, a plurality of arrays 192 of emitters 194 is dis-
posedon a flexible device substrate 198. Further, a plurality of
detectors 200 is disposed on the flexible device substrate 198.
The spacing between the plurality of arrays 192 of the emit-
ters 194, as well as the spacing between the detectors 200 is
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such that the detectors 200 are configured to acquire signals
reflected and transmitted by the tissues in a region of interest
201 in the finger 191. In particular, relative positioning of the
emitters 194 and the detectors 200 is such that signals 204
transmitted through the tissues in the region of interest 201
and signals 206 reflected by the tissues in the region of inter-
est 201 may be received by the detectors 200. Although not
illustrated, the pulse oximetry device 190 of FIG. 9 may
alternatively employ other layouts or arrangements of the
arrays 192 of the emitters 194 and the plurality of detectors
200. For example, the layouts may include the arrays 192 of
the emitters 194 and the plurality of detectors 200 disposed in
parallel opposite to one another, orthogonally opposite to
each other, disposed at an offset from one another, or combi-
nations thereof. Additionally, although not illustrated, in one
embodiment, the pulse oximetry device 190 of FIG. 9 may
employ a plurality of emitters 194 on one side of the finger
191, and a plurality of detectors 200 on another side of the
finger 191. In this embodiment, the pulse oximetry device
may be configured to operate in transmission mode. Although
FIGS. 6-9 are described with respect to a plurality of arrays of
the emitters, it should be noted that the emitters may be
disposed as a group without any segregation as arrays.

[0049] FIG. 10 illustrates an example of electrical routing
components and surface mounted devices disposed in a por-
tion 210 of a pulse oximetry device of the specification. As
illustrated, the portion 210 of the pulse oximetry device
includes a flexible device substrate 212 having a first side 214
and a second side 216. A thermally and electrically conduc-
tive layer 218 may be disposed on the first side 214 of the
flexible device substrate 212. A first protective layer 220 may
be disposed on at least a portion of the thermally and electri-
cally conductive layer 218. The first protective layer 220 may
be made of electrically non-conductive materials. Further, the
portion 210 may include an interconnect layer 222 disposed
on a portion of the second side 216 of the device substrate
212. Non-limiting examples of the interconnect material may
include electrically conductive materials, such as, but not
limited to, titanium, copper, nickel, aluminum, or combina-
tions thereof. A second protective cover 224 may be disposed
at least on at least a portion of the interconnect layer 222. The
protective cover 224 may include structures made of electri-
cally non-conductive materials. In the illustrated embodi-
ment, an array 226 of emitters 228 is disposed in a cavity 230
formed in the device substrate 212. A common encapsulation
232 may be disposed on the emitters 228 of the array 226.
Further, the portion 210 may include through vias 234 to
provide thermal conductivity paths. The vias 234 may be
filled with thermally conductive materials to provide ther-
mally conductive paths. Additionally, the vias 234 may be
used to provide electrically conductive paths. In an alternative
embodiment, in place of the cavities 230, metal pads may be
disposed on the first and second sides 214 and 216 of the
device substrate 212, the metal pads disposed on opposite
sides of the device substrate 212 and may be coupled using
the thermal vias 234. In one example, a via 236 may be used
to connect the portion 210 to an external device using an
external connector 238. In one embodiment, the external con-
nector 238 may be a surface mounted device. The external
connector 238 may be configured to act as an interface
between the array of emitters, detectors (not shown) and an
electrical device (not shown) or an electrical connection (not
shown) that is external to the portion 210. The portion 210
may include an external connector 238 configured to provide
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electrical connection between the pulse oximetry device and
an external component or device. Further, the portion 210
may include a provision 226 for electrically coupling the
external connector 238 to an electrical cable (not shown). In
certain embodiments, although not illustrated, one or more
emitters 228 of the array 226 may be operatively coupled to
the thermal vias 234 to facilitate thermal management in the
array 226. In some of these embodiments, the one or more
emitters 228 of the array 226 may be operatively coupled to
the thermal vias 234 using wirebond contacts. The wirebond
contacts may be configured to facilitate dissipation of thermal
energy from the array 226 by guiding the thermal energy from
the array 226 to the thermally and electrically conductive
layer 218. In one embodiment, the wirebond contacts cou-
pling the thermal vias 234 and the one or more emitters 228 of
the array 226 may be disposed in an encapsulation. By way of
example, the encapsulation 232 may be configured to encap-
sulate the wirebond contacts coupling the thermal vias 234
and the one or more emitters 228 of the array 226.

[0050] FIG. 11 illustrates an example of a portion 250 of a
pulse oximetry device 250 having electrical connections or
traces 252 routed between a plurality of arrays 256 of emitters
258 and an external connector 264. Further, the pulse oxim-
etry device 250 includes electrical connections or traces 260
configured to electrically connect a plurality detectors 262 to
the external connector 264. Referring to an array of emitters
and a detector as a cluster, in one example, where the pulse
oximetry device includes 4 such clusters, with each array of
emitters having 8 emitters, the 32 emitters of the 4 clusters
may be electrically coupled to an external connector such that
the 32 emitters share a common anode or cathode. It may be
noted that 32 traces of the 32 emitters and an additional trace
for the thermally and electrically conductive layer may pro-
vide 33 electrical traces in total. Further, the pulse oximetry
device 250 may include 8 traces for the 4 detectors, with each
detector being connected to the external connector via 2
traces. Hence, the pulse oximetry device having 4 clusters has
41 traces. The 41 traces are coupled to the external connector
264 and exit the pulse oximetry device 250 from a single side,
thereby making the device design such that the device may be
conveniently coupled to an external device.

[0051] FIG. 12 illustrates a perspective view 268 of an
example cable assembly 270 for operatively and electrically
coupling a pulse oximetry device 272 of the specification to
an external device or circuitry 274 using an external connec-
tor 276 disposed on the pulse oximetry device 272. The
example cable assembly 270 may include a cable 278 having
a first end 280 and a second end 282. The first end 280 of the
cable 278 includes a receptor 284 which is configured to be
mechanically coupled to the connector 276 to provide elec-
trical communication between the pulse oximetry device 272
and the cable 278. The second end 282 of the cable 278 may
include a cable connector 286 configured to be coupled to one
or more receptors 288. The receptors 288 may be coupled to
an external device, such as, but not limited to a display (not
shown). In one example, the display may be configured to
display oxygen saturation levels in the blood of the patient.

[0052] FIG. 13 illustrates an example pulse oximetry
device 290 of the specification, where the device 290 is opera-
tively coupled to a cable assembly 292. The pulse oximetry
device 290 is disposed on a finger 291. The cable assembly
292 facilitates the coupling of the pulse oximetry device 290
to an external device 294, such as, but not limited to, a display.
As illustrated, advantageously, the pulse oximetry device 290
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may be disposed directly on the body, thereby providing
proximity between the tissues and the emitters and detectors
of the pulse oximetry device 272. Further, advantageously,
the device 290 may be thin, light weight and flexible. In the
illustrated embodiment, the device 290 may be a wearable
and disposable device. In one example, the device 290 may be
wrapped around the finger as easily as a band aid to take
measurements representative of oxygen saturation in the
blood.

[0053] Although not illustrated, in one embodiment, the
pulse oximetry device 290 may be coupled to an external
device using a wireless connection. In this embodiment, in
operation, the pulse oximetry device 290 may be disposed on
the patient, and a display may be disposed at a suitable dis-
tance from the pulse oximetry device and there may not be
any cable running between the pulse oximetry device 290 and
the display, thereby making the device very convenient to use.

[0054] Advantageously, the array of emitters may be
formed on flat and non-flat surfaces with similar ease. Fur-
ther, the method provides provisions for simultaneously per-
forming one or more steps for different portions of the device
substrate. The array of emitters provides a thin and flexible
structure which may be employed in various applications.
The thin and flexible array of emitters may be printed for
applications such as healthcare, monitoring, or combinations
thereof. Further, the design of the array of emitters allows dies
of different polarities (anode on top vs. bottom) to be inte-
grated into the same device. By way of example, the design of
the array of emitters allows different emitters of the array of
emitters to be disposed such that the anodes and electrodes
may be on the same or different sides with respect to each
other. Further, the pulse oximetry devices employing the plu-
rality of arrays of the emitters of the specification may be
configured to conform to a body shape as required. The plu-
rality of arrays of the emitters may be produced using roll-to-
roll processing. Further, the plurality of arrays of the emitters
may be produced in high volume using in-expensive fabrica-
tion methods. For example, the method of making the plural-
ity of arrays of the emitters may use high volume pick and
place fabrication techniques along with wirebonding tools.
Additionally, the flexible substrate along with the thermally
and electrically conductive layer may be in expensive as
compared to conventional aluminum substrates for light emit-
ting diodes.

[0055] While only certain features of the invention have
been illustrated and described herein, many modifications
and changes will occur to those skilled in the art. It is, there-
fore, to be understood that the appended claims are intended
to cover all such modifications and changes as fall within the
scope of the invention.

1. A pulse oximetry system, comprising:
a pulse oximetry device comprising:
a device substrate having a first side and a second side;

a thermally and electrically conductive layer disposed
on the first side of the device substrate;

an interconnect layer disposed on the second side of the
device substrate;

a plurality of arrays of emitters disposed on the second
side of the device substrate, wherein the plurality of
arrays of the emitters is electrically coupled to the
thermally and electrically conductive layer;
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aplurality of detectors disposed on the second side of the
device substrate and configured to detect emission
signals from one or more emitters of the plurality of
arrays of the emitters;

a plurality of wirebond contacts configured to electri-
cally couple a portion of the interconnect layer to a
corresponding emitter of the plurality of arrays of the
emitters; and

a processor configured to process the detected emission

signals.

2. The pulse oximetry system of claim 1, wherein one or
more emitters of the plurality of arrays of the emitters are
disposed orthogonally opposite to one or more detectors of
the plurality of detectors.

3. The pulse oximetry system of claim 1, wherein one or
more emitters of the plurality of arrays of the emitters are
disposed opposite to one or more detectors of the plurality of
detectors, and wherein the one or more emitters of the plural-
ity of arrays of the emitters are disposed in parallel to the one
or more detectors of the plurality of detectors.

4. The pulse oximetry system of claim 1, wherein one or
more emitters of the plurality of arrays of the emitters are
disposed opposite to one or more detectors of the plurality of
detectors, and wherein the one or more emitters of the plural-
ity of arrays of the emitters are disposed in parallel and at an
offset to the one or more detectors of the plurality of detectors.

5. The pulse oximetry system of claim 1, wherein the pulse
oximetry device is configured to operate in a transmission
mode, a reflection mode, or both.

6. The pulse oximetry system of claim 1, wherein the pulse
oximetry device is configured to be disposed on one side of a
body part.

7. The pulse oximetry system of claim 1, wherein the pulse
oximetry device is configured to be disposed on two sides of
a body part.

8. The pulse oximetry system of claim 1, wherein the pulse
oximetry device is configured to conform to a shape of a body
part.

9. The pulse oximetry system of claim 1, wherein the pulse
oximetry device comprises an external connector.

10. The pulse oximetry system of claim 1, wherein the
pulse oximetry device comprises a first plurality of electrical
traces configured to provide an electrical connection to each
emitter of the plurality of arrays of the emitters, and a second
plurality of electrical traces configured to provide an electri-
cal connection to each detector of the plurality of detectors.

11. The pulse oximetry system of claim 10, wherein the
first plurality of electrical traces and the second plurality of
electrical traces exit the device substrate from the same side of
the device substrate.

12. The pulse oximetry system of claim 10, wherein the
first plurality of electrical traces and the second plurality of
electrical traces are coupled to an electrical connector.

13. The pulse oximetry system of claim 10, further com-
prising a cable assembly, wherein the cable assembly is con-
figured to operatively couple the pulse oximetry device to an
external device.

14. The pulse oximetry system of claim 13, wherein the
cable assembly is operatively coupled to a display member
configured to display the processed data from the processor.

15. The pulse oximetry system of claim 13, wherein the
cable assembly comprises a receptor configured to opera-
tively couple a first end of the cable assembly to an external
connector.
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16. The pulse oximetry system of claim 1, wherein the
device substrate is configured to be disposed around at least a
portion of a body part.

17. The pulse oximetry system of claim 1, wherein the
pulse oximetry device and one or more of a display member
and the processor are wirelessly coupled to one another.

18. The pulse oximetry system of claim 1, wherein the
pulse oximetry device comprises a plurality of encapsula-
tions, wherein one or more encapsulations of the plurality of
encapsulations are configured to encapsulate one or more
emitters of the plurality of arrays of the emitters.

19. The pulse oximetry system of claim 1, further compris-
ing an encapsulation corresponding to each array of the plu-
rality of arrays of the emitters.

20. A method of making a pulse oximetry device, compris-
ing:

providing a device substrate having a first side and a second

side, wherein a thermally and electrically conductive
layer is disposed on at least a portion of the first side of
the device substrate;
disposing an interconnect layer on a first plurality of por-
tions on the second side of the device substrate;

forming a plurality of cavities in a second plurality of
portions on the second side of the device substrate;

disposing one or more emitters in corresponding cavities of
the plurality of cavities to form a plurality of arrays of
emitters on the second side of the device substrate;

providing a plurality of wirebond contacts such that each
wirebond contact electrically couples at least a portion
of the interconnect layer to a corresponding emitter of
the plurality of arrays of the emitters; and

disposing a plurality of detectors on the second side of the

device substrate.

21. The method of claim 20, wherein the step of forming
the plurality of cavities comprises forming through cavities in
the device substrate.

22. The method of claim 20, wherein the step of disposing
the plurality of arrays of the emitters in corresponding cavi-
ties of the plurality of cavities comprises:

disposing an electrically conductive coupler in one or more

cavities of the plurality of cavities; and

disposing the one or more emitters of the plurality of arrays

of the emitters in each of the plurality of cavities on the
electrically conductive coupler.

23. The method of claim 22, further comprising applying a
determined pressure, a determined temperature to the one or
more emitters of the plurality of arrays of the emitters.

24. The method of claim 20, further comprising providing
a plurality of protective covers on the interconnect layer.

25. The method of claim 20, further comprising providing
a plurality of encapsulations, wherein each encapsulation of
the plurality of encapsulations is configured to cover at least
a portion of a wirebond contact of the plurality of wirebond
contacts.

26. The method of claim 20, wherein the step of providing
the plurality of encapsulations comprises:

disposing a determined amount of epoxy corresponding to

each encapsulation of the plurality of encapsulations;
and

curing the plurality of encapsulations.

27. The method of claim 20, further comprising providing
external connectors for interfacing the pulse oximetry device
with another device or circuitry.
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