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(57) Abstract: Various sensors and methods of assembling
sensors are described. In some embodiments, the sensor as-
sembly includes a first end, a body portion, and a second
end. The first end can include a neck portion and a connector
portion and the second end can include a flap, a first com-
ponent, a neck portion, and a second component. A method
is also described for sensor folding. The method can include
using a circuit with an attached emitter and a detector that is
separated by a portion of the circuit. The method can also in-
clude folding the portion of the circuit such that a first fold is
created through the emitter and folding the portion of the cir-
cuit such that a second fold is created such that the first fold
and second fold form an angle.



WO 2016/127131 A3 |IIIWAT 00N 0 T A

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published: (88) Date of publication of the international search report:
—  with international search report (Art. 21(3)) 29 September 2016

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



17 Dec 2019

O

2016215031

25

30

1002841865

FOLD FLEX CIRCUIT FOR LNOP

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS

[0001] This application claims the priority benefit under 35 U.S.C. §119(¢) of
U.S. Provisional Application No. 62/112,918, filed February 6, 2015, and U.S. Provisional
Application No. 62/212,071, filed August 31, 2015, the entire contents of which are hereby
incorporated by reference and should be considered a part of this specification. Any and all
applications for which a foreign or domestic priority claim is identified in the Application
Data Sheet as filed with the present application are hereby incorporated by reference under
37 CFR 1.57.

[0001A] Reference to any prior art in the specification is not an acknowledgement
or suggestion that this prior art forms part of the common general knowledge in any
jurisdiction or that this prior art could reasonably be expected to be combined with any other

piece of prior art by a skilled person in the art.

FIELD OF THE DISCLOSURE
[0002] The present disclosure relates to low-noise, disposable and reusable
optical probes which may be used to sense optical energy passed through a medium to

determine the characteristics of the medium.

BACKGROUND

[0003] Energy can be transmitted through or reflected from a medium to
determine characteristics of the medium. For example, in the medical field, instead of
extracting material from a patient’s body for testing, light or sound energy may be caused to
be incident on the patient’s body and transmitted (or reflected) energy may be measured to
determine information about the material through which the energy has passed. This type of
non-invasive measurement is more comfortable for the patient and can be performed in real
time.

[0004] Non-invasive physiological monitoring of bodily functions is often
required. For example, during surgery, blood pressure and the body’s available supply of
oxygen, or the blood oxygen saturation, are often monitored. Measurements such as these
are often performed with non-invasive techniques where assessments are made by
measuring the ratio of incident to transmitted (or reflected) light through a portion of the

body, for example a digit such as a finger, or an earlobe, or a forehead.

-1-
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[0005] Demand has increased for disposable and reusable optical probes which
are suitably constructed to provide low-noise signals to be output to a signal processor in
order to determine the characteristics of the medium. Many difficulties relating to motion-
induced noise have been encountered in providing such an optical probe inexpensively. A
need thus exists for a low-cost, low-noise optical probe and for a method of efficient

manufacturing such a probe.

SUMMARY OF THE DISCLOSURE

[0006] The present disclosure discloses a probe for use in non-invasive optical
measurements. One aspect of the present disclosure is an optical probe for non-invasive
measurement of characteristics of a medium, wherein the probe has an emitter which
transmits optical radiation and a detector configured to detect the optical radiation
transmitted by the emitter. The probe also has a flexible circuit assembly having circuit
paths for connection with the emitter and the detector

[0007] The present disclosure describes a low cost sensor and a streamlined
assembly method for optimized material usage for the use of flexible printed circuit and
other sensor materials. In some embodiments, the configuration of the sensors is intended to
maximize the amount of material used so as to keep material cost to a minimum.

[0008] In one advantageous embodiment, the manufactured flex circuit can be
folded into a number of different configurations while maintaining the properties and
integrity of the original flex circuit. In this way, the same streamlined assembly method can
be used to manufacture flex circuits with a plurality of configurations.

[0008A] In a first aspect of the present invention, there is provided an efficient
flexible circuit physiological sensor manufacturing method, the method comprising:
providing a sheet of flexible circuit substrate material; printing a plurality of nested
conductors on the sheet of flexible circuit substrate material to form a plurality of individual
flexible circuits, wherein each of the plurality of individual flexible circuits comprises a first
end, a second end, and a body portion extending between the first end and the second end,
wherein each of the plurality of individual flexible circuits are aligned on the sheet of
flexible circuit substrate material such that each of the individual flexible circuits is nested
into another of the individual flexible circuits, and wherein a center portion of the body
portion of each of the plurality of individual flexible circuits shares a border with the body
portion of another of the plurality of individual flexible circuits; and cutting the sheet of

flexible circuit substrate material to separate each of the plurality of individual flexible
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circuits, wherein the first end of each of the plurality of individual flexible circuits
comprises a connector portion and the second end of each of the plurality of individual

flexible circuits comprises a detector portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1A illustrates a top view of an embodiment of a flexible circuit for
use in a sensor assembly.

[0010] FIG. 1B illustrates a bottom view of an embodiment of a flexible circuit
for use in a sensor assembly

[0011] FIG. 2A illustrates a top view of one embodiment of a flexible printed
circuit panel array.

[0012] FIG. 2B-2C illustrate a top and bottom view of one end of the sensor
assembly.

[0013] FIG. 3A illustrates an exploded view of an embodiment of a sensor assembly.

2A-
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[0014] FIG. 3B illustrates one embodiment of a sheet comprising a plurality
of nested top panel shields that forms a part of the flexible printed circuit panel array
shown in FIG. 2.

1301 5] FiGG. 3C illustrates one embodiment of a sheet comprising a top panel
coverlay that forms a part of the flexible printed circuit panel array shown m FIG. 2.

[0016] FIG. 3B illustrates one embodiment of a “shest” comprising a plurality
of nested traces that form a part of the flexible printed circutt panel array shown in FIG.
2.

{0301 7] FIG. 3E ilustrates one embodiment of a sheet comprising a plurality
of nested bottom coverlay that forms a part of the flexible printed circuit array shown in
FIG. 2.

j0018] FIG. 3F illustrates one embodiment of a sheet comprising a plurality of
nested bottom panel shields that forms a part of the flexible printed circuit array shown in
FIG. 2.

[0019] FIG. 4A illustrates a top view of a first embodiment of a shield grnid
used m one embodiment of the sensor assembly,

[0020] FIG. 4B itlustrates a top view of a second embodiment of a shueld grid
used in one embodiment of the sensor assembly,

[0021] FIG. 4C illustrates a top view of a third ermbodiment of a shield gnid
used in one embodiment of the sensor assembly,

10022} FiG. 4D illustrates a top view of a fourth embodiment of a shield end
psed in ong embodiment of the sensor assembly.

[0023] FIG. 4E illustrates a top view of a fifth embodiment of a shield grid
used in one embodiment of the sensor assembly.

{00241 FIGS. 5A-5D dlustrate one embodiment of the sensor assembly.

[0025] FIG. 6A ilustrates a flow chart illustrating an embodiment of a method
for sensor tolding.

{3026] FI1G. 6B illustrates an embodiment of a sensor assembly in the method
for sensor folding prior to the folding of the sensor.

00271 FIG. 6C illustrates a first step in the method for sensor folding wherein
the neck of the sensor is bent i a first direction.

[0028] Fiz. 61¢ illustrates a second step in the method for sensor folding

wherein the neck of the sensor 1s bent in a second direction.
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DETAILED DESCRIPTION

[04029] The present disclosure provides a low cost sensor and methods of
assembly and manufacture of the low cost sensor. In some embodiments, the sensor
circuits arc configured such that cach of the flex circuits for cach of the plurality of
sensors 1s fessellated or nested with one another as € is manufactured.  In some
embodiments, this configuration maximizes the number of circuits that can be
manufactured and assembled from a set of materials.  Such a configuration further
minimizes the amount of material wasted.

[0030] The present disclosure alse describes a method for assembling an L.~
shaped sensor or bent sensor from a straight sensor. Previous manufacturing methods for
L-shaped sensors created substantial waste as the profile of the L-shaped sensor
prevented the flex circoits from being printed in a staggered formation so as to maximize
the use of the substrate material. By assembling the L-shaped sensor from a straight
sensor, the profile of the flex circuit 1s mimimized and the amount of waste is therefore
minimized. The method of folding described below allows a phurality of different sensor
shapes to be manufactured from a straight sensor.

100311 FIGS. 1 — 2 dlustrate varicus views of the flex circuit 100 of the
sensor assembly. FIGS. 1A ~ B shows one embodiment of the flex circuit 100 of the
sensor. FIG. 1A shows a top view of the flex circuit 100, The flex circuit 100 has a
detector end 110 and a conncctor end 120, FIG. 1B shows a bottom view of the flex
circuit 100 and the corresponding detector end 110 and connector end 120, As can be
seen, the flex circuit 100 i1s generally lincar and has a minimal profile that can help to
maximize the number of flex circutts that can be printed on substrate material.

0032} In some embodiments, the configuration of the flex circuit 100 can be
configured to maximize the substrate material that is used and to mintmize waste. FIG,
24 illastrates a flexible printed circuit panel array 200 that inclades a first row of flexible
circuit 202 that is nested with a second row of flexable circuits 204, In some example, the
first row of flexible circuits 202 and the second row of flexible cireunits 204 can be
dentical.

[0033] As dlustrated in FIG. 2A, the first and second rows of flexable circuits
202, 204 can mchide a connector end 208 and a detector end 206, In some embodiments

the first row of flexuble circuits 202 and the second row of flexible circuits 204 are
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configured such that, on one end of the flexible printed circuit panel array 200, the
connector end 208 of the first row of flexible circuit 202 1s proximate o the detector end
206 of the second row of flexible circuit 204 and on the other end, the connector end 208
of the second row of flexible circutt 202 1s proximate to the detector end 206 of the first
row of flexable circuit 204.

[3034] In addition to the nested configuration, each of the flex circuits 100 has
a body portion 232 that is wuformn along s length which can provide for efficient
machining. As illustrated in FIG. 2, the uniform body portion 232 allows for a plurality
of flex circuits 100 to be aligned in a row. As well, the straight line of the body portion
232 requires a single straight-line cut to separate cach flex circuit 100 from the adjacent
flex circutt 100.

13035] Ag noted above, the nested configuration of the first and second rows
of flexible circuits significantly reduce the waste of the substrate material and increase
the speed of production by generating higher vields per substrate cheet.  In some
cxamples, the percentage of raw substrate material used to form cach of the flexible
circutts 100 is greater than 80% and can be as high as 95% and any percentages in
between. In some embodiments, the percentage of waste is as low as 5% to 20% or any
percentage there between. In other cxamples. up to 95% of the material of the flexible
printed circuit panel array 200 can be used to form each of the flex circuits 100.

{8036} In some embodiments, gach of the flex circuits 100 can be formed
from a plurality of layers. FIG. 3A illustrates a perspective view of an exploded flex
circutt 100 that provides a view of the construction of the flex circuit 100, In some
embodiments, the flex circurt 100 includes traces 216 that are printed on a bottom
coverlay 218, The traces 216 can include a copper coating wiule the bottom coverlay 218
can comprise a polymide material. In some examples, a top panel coverlay 214 can be
layered over the bottom coverlay 218 that is printed with the traces 216, The top panel
coverlay can serve as a protective layer over the 216, As will be discussed in more detail
below, the top panel coveray can include strategic opemings to expose the underlving
traces 216 form electrical connections on the surface of the flex circuit 100

{30371 The flex circuit can also include a shielding layer on the top and
bottom surface of the flex circuit 100 to protect the integrity of the traces 216 and to
1solate the traces 216 from extemal factors such as radio waves, electromagnetic ficlds

and ¢lectrostatic fields. Ag ilustrated in FEG. 34, the flex circuit 100 can include a top
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panel shield 212 that is layvered over the top panel coverlay 214 and a bottom panel shield
220 that 1s lavered under the bottom coverlay 218,

[0038] Fach of the layers of the above described layers can have a nested
configuration so as to form the flexible printed circuit panel array 200 illustrated in FIG.
2. For example, FIG. 3B ilustrates a sheet compnsing a plurality of nested top panel
shields 212. FIG. 3C illustrates a sheet comprising a top panel coverlay 214, FIG. 3D
thustrates a “sheet” comprising a plurality of nested traces 216. FIG. 3K illustrates a
sheet compnising a plurality of nested bottom coverlay 218, Lastly, FIG. 3F illustrates a
sheet comprising a plurality of nested bottom panel shieids 220.

{3039] The flex circuit 100 can be configured to be attached to a plurality of
components. In some examples, the flex circuit includes a resistor 222, an electrically
crasable programmable rcad-only memory ("EEPROM™) 224, a detector 228, and an
emitter 226, In some examples, the emitter 226 can be an LED.

0040] To provide an electrical connection for the plurality of electrical
componenis on the flex circuit 160, cach of the layers of the flex circuit can inciude
strategic openings to reveal the underlving exposed traces 217 of the traces 216. For
example, the top panel coverlay 214 can include a plurality of windows 215 and the top
panel shield 212 can include a window 213 to expose portions of the traces 216, The
resistor 222 and EEPROM 224 can be attached to the flex circuit 100 at the window 213
to provide an electrical connection between the resistor 222 with the exposed iraces 217
and an clectrical connection between the EEPROM 224 and the exposed traces 217,

[041] Simlarly, as llustrated in FIGS, 2 and 3A, the flex circuit 100 can
include a detector window 229 and an emitter opening 227 to accommodate a detector
228% and emutter 226 respectively. Tuming first to the emitier opening 227, the flex
circeit 100 can mehlude a hooked portion to form the emitter window 227 while
matntaining a reduced profile for the flex circait 100. As can be secen i FIG. 2, the
configuration of the emitter opening 227 allows cach flex circuit 100 to be nested
between adjacent flex circuits to form a tessellated or nested pattern. As discussed above,
this can maximize the use of substrate matenal m the manufacturing of the flex circuit
100, The emitter 226 can be attached to the enutier opeming 227 such that the emitier 226
can form an clectrical connection with the hooked portion of the traces 216, As well, the
hook configuration provides a circular openimg that allows the hight produced by the

emtter 226 to be emutted.



WO 2016/127131 PCT/US2016/016890

[3042] FIG. 2B-2C dlustrate an enlarged view of the detector end 206 of the
flex circuit 100 with the attached detector 228 and enitter 226, FIG, 2B illustrates a top
side of the detecior end 206 of the flex circuit 100 and FIG. 2C illustrates a bottom side
of the detector end 206 of the flex circuit 100,  As discussed above, in some
embodiments, the emitter opening 227 is formed from a hook configuration, the end of
which is not mechanically coupled to the rest of the flex circuit 100, The hook portion of
the emitter opening 227 can mclude a top portion 227a, a first length 2270 and a second
length 227d. The aforementioned three portions are configured to form an opening 227¢.
The top portion 227a and the first length 227b form the hook portion that the emitter 226
can aftach to. In some cmbodiments, the second length 227d is longer than the first
length 227b. As well, in some embodiments, a distance oxists between the top porticn
227a and the second length 2274, In some cmbodiments. to maintain low profile
configuration of the flex circuit 100, the detector end 206 of the flex circuit mcludes an
angled portion 227¢ and a length 2271 that centers the detector end 206 along the length
of the flex circuit 100, As 15 illustrated in FEG. 2C, the first length 227b and second
length 227d form an opening 227¢ for placement of the emitter 226. The flex circuit 100
can then include an angled portion 227¢ that centers the detector end 206 of the flex
circuit 100.

[03043] Another aspect of the configuration of the emitter opening 227 1s the
ability to bend one portion of the emitter opening 227. The configuration of the emitter
opening 227 allows the flex circuit 227 to be bent at the second length 227d, such that a
bend exasts at theemitier opening 227, This can allow the straight flex circut 100 to be
bent to form a bent or L-shaped flex circuit. As will be discussed 1n more detail below,
the hooked configuration of the emitter opening 227 provides a mechanical decoupling
such that the flex circuit can be casily bent without affecting the attached emitter 226.

{30441 Turning next to the detector window 229, the detector window 229 can
be formed on the surface of the top panel coverlay 214 to allow light from the hght
source, such as the emitter 226, to transmuf through the detector window 229 and to the
detector 228, In some cmbodiments, the detector window 229 exposes the underlving
traces 216, The detector 228 can be attached to the detector window 229 such that the
detector 228 forms an clectrical connection with the traces 216,

[0045] As will be discussed in FIGS. 4A-4E below, the detector window 229

can vary in both shape and configuration so as to provide for varying amounts of light
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from the light source to enter the detector 228, The configuration and structure of each of
the grid shapes can allow for the transmission of different amounts of hight so as to
provide a different function for the flex circuit 100.

[3046] In some embodiments, the flex circuit 100 can include a shield flap
230, In some embodiments the detector end 206 of the flex circuit 100 can form a shield
flap 230. in some embodiments, the shield flap 280 can be an etched copper shield made
from a copper sheet. The shicld flap 230 of the detector end 206 can be configured to
fold over the detector 228 to form a Faraday cage. The Faradav cage can provide
additional shiclding to block external electrostatic fields.

[3047] FIGS. 4A-4E illustrate an enlarged view of the various embodiments
of the detector window 229, The various shield grids are designed to protect the circuits
from electromagnetic noise interference while allowing as much hght as possible through
the grid windows. FIGS. 4A-4E idlustrate the first detector window shape 410, second
detector window 420, third detector window shape 430, fourth detector window shape
440, and fifth detector window shape 450 respectively. FIG. 4A ilustrates the first
detector window shape 410 which is located on the detector end 303 of the traces 416
layver of the flex circuit 100, The first detector window shield grid shape 410 includes a
shield grid body 411 with a circular central window 412 a plurality of arc-shaped window
413, and an electrical side contact 414 on either side of the windows. In the configuration
shown in the first detector window shape 419, the circular central window 412 1s centered
on the bottom portion of the shield grid body 411 between the pair of side contact 414, In
this configuration, the first detector window shape 410 also mchides four arc-shaped
windows 413 that are spaced about the circular central window 412, In some
embodiments, the circular central window 412 of the first detector window shape 410
allows a significant portion of light through to the detector while still blocking
clectromagnetic mterference.

[03048] FIG. 4B illustrates the second detector window shape 420 which 1s
located on the detector end 303 of the traces 426 layer of the flex circuit 100. The second
detector window shape 420 includes a shield grid body 421 with a plurality of narrow
rounded rectangular windows 422 and side contacts 424 on cither side of the plurality of
narrow rounded rectangular windows 422, In the configuration shown i the second

detector window shape 420, the narrow rounded rectangular windows 422 have four

g
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narrow rounded rectangular windows 422 that are located on the shield grid body 421
between the two side contacts 424 on either side of the shicld gnd body 421.

[049] FIG. 4C illustrates the third detector window shape 430 which is
located on the detector end 303 of the traces 436 laver of the fiex cirenit 100, The third
detector window shape 430 includes a shield grid body 431, a central window 432, a
plurality of rectanguiar windows 433, and side contacts 434 on either side of the central
windows 432, In the configuration shown in the third detector window shape 430, the
plurality of rectangular windows 433 and the central window 432 are centered on the
bottom portion of the shield grid body 431 between the two side contacts 434, In some
cmbodiments, the two rectangular windows 433 are located above and below the central
window 432

13050] FIG. 4D llustrates the fourth detector window shape 440 which is
located on the detector end 303 of the traces 446 of the flex circuit 100, The fourth
detector window shape 440 mchides a shield grid body 441, a central window 442, a
plurality of narrow rectangular windows 443, and a side contact 444 on ¢cither side of the
central window 442, In the cosfiguration shown in the fourth detector window shape
440, the narrow rectangular window 443 and the central window 442 are centered on the
bottom portion of the shield grid body 441 between the two side contacts 444, In some
embodiments, the two narrow rectangular window 443 are located above and below the
central window 442

{0051 ] Lastly, FIG. 4E illustrates the fifth detector window shape 450 which
15 located on the detector end 303 of the traces 456 of the flex circuit 100, The fifth
detector window shape 450 mmchides a shield grid body 451, a central window 452, a
plurality of side contact 454, and a side contact 454 on cither side of the central window
452, In the configuration shown in the fifth detector window shape 450, the central
window 452 and the phurality of trapezoidal window 453 are located on the bottom
portion of the shield grid body 451, In some embodiments, cach of the plurality of
trapezoidal window 433 is located one side of the central window 452 such that the
shorter end of the trapezoid is proximate 1o a side of the central window 452,

{00521 The configuration of the two sheet flexible printed circuit panel array
300 provides for a larger number of sensors to be assembled at the same time. Once all of
the components have been attached and assembled on each ot the sensor assermblies, cach

of the sensor assemblies 644 can be sealed in protective material. As illustrated mn FIGS.

e



WO 2016/127131 PCT/US2016/016890

5A-5D, in some embodiments, the sensor assemblics can include top and bottom portions
646. For example, in some embodiments the sensor assemblies can covered on both top
and bottom with a layer of foam 646. The foam covering covers the flex circuit and traces
and forms a cabic covering which extends from the emitter and detector asscmblics to a
connector end of the flex circuit. In some embodiments, a top foam 646 and a botiom
foam 646 can be scaled together to sandwich the flex circuit such that the semnsor
assembly is entirely covered by the foam.

13053] In some embodiments, each of the sensor assemblics 644 can include a
top head tape 636 and a bottom head tape 636 attached to cover cach individual sensor.
In some erbodiments, the top head tape 636 can be the same size as the bottom bead tape
636. In some embodiments the top head tape 636 can have a design such as sensor
artwork or logos printed on s top surface. In some embodiments, after the botiom head
tape 636 and the top head tape 636 have been attached to the sensor assembly, the sensor
assembly can be laminated.

13054] Each of the sensor assemblies can further include a bottom and top
connector tab. The connector tab provides the sensor assembly 644 with a structure to
allow the sensor 644 to attach to a connector. FIG. 3A illustrates an example of a sensor
assembly 644 with connector tabs attached. In some embodiments, the bottom comnector
stiffencr 656 can include a flex circuif mating arca 658, In some embodiments, the
resistor end of the sensor 644 is placed such that the exposed traces discussed i FIG. 2
hie on the surface of the proximal tongue 657, The flex circuit mating arca 658 can be
configured to connect with the top portion of the connector assembly.  Prior to the
placement of the sensor 644 on the bottom connector stiffener 656, a bonding agent such
as glue or epoxy can be apphied to the bottom connector stiffener 656, Once applied, the
sensor 644 can placed on the bottom connector stiffencr 656 with component side facing
upwards. In the embodiment pictured in FIG. SA, the tlex circuit mating area 658
portion of the bottom connector stiffener 636 1s located on either side of the sensor 644,
Once the sensor 644 1s attached to the bottom connector stiffener 656, the top portion of
the connector tab is attached to secure the sensor 644, In some embodiments, the
underside of the top connector stiffener 662 has a mating area that corresponds to the flex
circuit mating arca 658 such that the top conmector stiffener 662 and flex circuit mating
area 638 are sccured together. In some embodiments, the top connector stiffener 662 and

flex civcuit mating area 6353 are secured using a locking mechamism or a fastener. The top

-10-
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connector stiffener 662 and the bottom connector stiffener 656 can be secured together by
a press fit, interference fit, a snap fit, etc. FIG. 3B illustrates the sensor 644 with the
connector stiffener 652 assembled onto the connector end of the sensor 644,

[3055] Finally, the sensor assembly 644 can optionally include a printed hiner
and applicator tape. FIGS, 5C-58 illustrate a top perspective view of the sensor 644
with the added printed biner and the apphicator tape. FIG, 5C provides a top view of the
sensor 644 and a top and perspective view of the sensor 644 with the printed liner 664
added. The printed liner 664 can be printed with a variety of designs and/or colors. As
can be seen m FIG. 3C, the printed liner 664 can be long enough to fit the length of the
head tape 636 section of the sensor assembly 644, FIG. 3B illustraies a top and
perspective view of the sensor assembly 644 with printed liner 664 and added applicator
tape 668. The applicator tape 668 can have a variety of shapes and sizes. In some
embodiments, the 688 has a length and width that can fit onto the printed liner 664.

{3056] As described above, another benefit of the present configuration of the
flex circuit design is the ability to assemble a bent sensor from the linear flex circuit
described above. FIG. 6A idlustrates a flowchart that describes an embodiment of a
method of sensor folding 500. FIGS. 6B-6D illustrate a method of sensor foldimg 800
that corresponds with the steps of the flowchart shown m FEG, 6. As discussed earlier,
although FIGS. 6A-D describe the formation of an “L-shaped” sensor, the steps
described can be applied to fold the flex circuit mto a sensor that is bent at an angle
greater or less than 90 degrees.

[3057] The method of sensor tolding 500 can include block 510 which
describes folding the flex circuit through the centerline of the emitter such that the
detector is facing a second direction. FIG. 68 illustrates the sensor prior to folding. As
seen in previous figures, the sensor 644 mcludes a detector 640, an enutter 650, and a
neck 630 connecting the detector 640 with the emitter 650. As discussed above, the neck
630 is formed from a second length 227d. an angled portion 227¢ and another length 227f
which is configured to mamntain the straight configuration of the flex circuit 100, As
discussed above, the second length 227d s mnitially angled tc one side to form the
opening 227¢ that accommodates the emitter 226

130581 In the configuration of FIG, 6B, the detector 640 and cmutter 650 both
face a first direction such that the detector window and emitter opening both face a

second direction. FEG. 6C illustrates the sensor 644 with a first fold 610 through the
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centerline of the emitter 650, In this embodiment, the first fold 610 15 at a 45 degree
angle with the remaining length of the sensor 644. In other embodiments, the angle of the
first fold 610 can range from 0 — 180 degrees. The first fold 610 creates a fold in the neck
emitter opening such that the detector 640 1s facing a second direction, with the detector
window facing a first direction.

[3059] Once the first fold is made, the method of sensor folding 500 can
further include block 520 which describes folding the tlex circut a second time such that
the two folds — the first fold and the second fold — form a 45 degree angle and the detector
is now facing a first direction. FIG, 61 illustrates the second fold 620 of the L-shaped
sensor 660. The sccond fold 620 and the first fold 610 form fold angle . In some
cmbodiments, the fold angle ¢ is at a 45 degrec angle. The second fold 620 also turns the
detector 640 such that it is facing a first direction and the detector window is facing a
second direction. In this way, the direction of the detector 640 and detector window are
facing the same directions as they were puror to folding. After folding, a head tape,
applicator tape and liner can be added to finish the sensor similar to those described
above. Moreover, the folding of the sensor flex circuit can occur at any time during the
manufacturing process and is not linuted to any particular sequence of semsor
constiuction.

[0060] Finally, all of the sensors discussed above can be reprocessed or
refurbished. The reprocessing or refurbishing of physicological sensors involves reusing
large portions of an existing sensor. The reprocessed or refurbished sensor therefore has
material costs that are significantly lower than making an entirely new sensor. In one
example, the reprocessing or refurbishing of the sensor can be accomplished by replacing
the adhesive portion of the sensor and reusing the sensing componenis. In other
examples, the process for reprocessing or refurbishing sensors tnvolves replacing the
sensing components of the sensor. One such example is described m U.S. Pat. No.
8,584,345 entitled “Reprocessing of a physiological sensor,” which is assigned to
Masimo Corporation, brvine, Califorma, and incorporated by reference hergin

6061 Although this disclosure has been disclosed i the context of certain
preferred embodiments and examples, it will be understood by those skilled i the art that
the present disclosure extends bevond the specifically disclosed embodiments o other
alternative embodiments and/or uses of the disclosure and obvious modifications and

equivalents thereof In addition, while a number of vanations of the disclosure have been
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shown and described in detail, other modifications, which are within the scope of this
disclosure, will be readily apparent to those of skill in the art based upon this disclosure. It is
also contemplated that various combinations or sub-combinations of the specific features
and aspects of the embodiments may be made and still fall within the scope of the
disclosure. Accordingly, it should be understood that various features and aspects of the
disclosed embodiments can be combined with or substituted for one another in order to form
varying modes of the disclosed.
[0062] By way of clarification and for avoidance of doubt, as used herein and

except where the context requires otherwise, the term "comprise" and variations of the term,

such as "comprising", "comprises" and "comprised", are not intended to exclude further

additions, components, integers or steps.
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WHAT IS CLAIMED IS:
1. An efficient flexible circuit physiological sensor manufacturing method, the method
comprising:
providing a sheet of flexible circuit substrate material;
5 printing a plurality of nested conductors on the sheet of flexible circuit substrate material
to form a plurality of individual flexible circuits,
wherein each of the plurality of individual flexible circuits comprises a first end, a second
end, and a body portion extending between the first end and the second end,
wherein each of the plurality of individual flexible circuits are aligned on the sheet of
0 flexible circuit substrate material such that each of the individual flexible circuits is nested into

another of the individual flexible circuits, and

wherein a center portion of the body portion of each of the plurality of individual flexible
circuits shares a border with the body portion of another of the plurality of individual flexible

circuits; and

5 cutting the sheet of flexible circuit substrate material to separate each of the plurality of
individual flexible circuits, wherein the first end of each of the plurality of individual flexible
circuits comprises a connector portion and the second end of each of the plurality of individual

flexible circuits comprises a detector portion.

2. The method of claim 1, wherein the detector portion comprises an emitter receiving

20 portion separated by a strip from a detector.
3. The method of claim 2, wherein the emitter receiving portion is hook shaped.

4. The method of claim 2 or claim 3, wherein the strip comprises an angled portion to

center the detector portion with the body portion.

5. The method of any one of claims 2 to 4, wherein a portion of the strip is configured to

25 be bent to form an L-shaped circuit.

-14-
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