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an upper opposing major wall; a sensor (12, 12A, 10124, 12B, 1012B) extending from
the case and having a distal end (15, 123A, 123B) sensitive to the analyte to produce an
electrical signal, and a proximal end within the case having electrical contacts (18, 121A,
121B); a printed circuit board assembly (320, 1320) within the case supported by one of
the major walls to receive the electrical signal via the electrical contacts (18, 121A,
121B); and an elastomeric pad (350) disposed in the case and biased by the other major
wall to urge the said proximal end of the sensor into contact with the printed circuit board
assembly (320, 1320) and maintain an electrical connection between the electrical con-
tacts (18, 121A, 121B) and the printed circuit board assembly (320, 1320).
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ANALYTE SENSOR

David C. Antonio, Eric Larson, Jose J. Ruelas, Sukhjeet S. Ranauta
Chia-Hung Chiu, Rebecca Gottlieb, Ashwin K. Rao, Peter Schulez

{00011 (left intentionally blank)

BACKGROUND OF THE DISCLOSURE

Field of the Disclosuie

{00021 The present disclosure generally relates to a sensor for monitoring a body
characteristic of the hody, such as glucose. More particularly, the present disclosure
relates to a single device including a sensor, fransmitter and inserter. The present
disclosure forther relates to a simple to use continuous glucose monitoring device with

visual indicators.

F0003] In recent years, a varicty of electrochemical sensors have been developed
for a range of applications, including medical applications for detecting and/or

quantifying specific agents in a patient’s blood and other body fluids. As one example,
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glucose sensors have been developed for use in obtaining an indication of blood glucose
fevels in a diabetic patient. Such readings can be especially useful in monitoring and/or
adjusting a treatment regimen which typically inchades regular administration of insulin o
the patient. In this regard, blood glucose readings are particularly useful in conjunction
with semi-automated medication infusion pumps of the external type, as generally
described in U.S. Pat. Nos. 4,562,751; 4,678,408; and 4,685,903; or automated
implantable medication infusion pumps, as generally described in U.S. Pat. No.

4,573,994,

[0004] It is often difficult to get pre- and type 2 diabetic patients to embrace
maonitoring of thewr bleod sugar on a regular basis. However, it 1§ very oportant for their
health that they learn how to be careful about their blood glucose levels and know how to
adjust their diets and other medicines. Thus, there is a strong need for more efficient,

more comfortable, and even simpler blood glucose monitors.

[0005] Relatively small and fiexible electrochemical sensors have been developed
tor subcutaneous placement of sensor electrodes in direct contact with patient biood or
other extracellular fluid, wherein such sensors can be used to obtain periodic readings
gver an exitended pericd of time. In one form, flexible transcutancous scnsors are
constructed in accordance with thin film mask techniques wherein an elongated sensor
inciudes thin film conductive elements encased between flexible insulative layers of
polyimide sheet or similar rnaterial. Such thin film sensors typically inchude exposed
electrodes at a distal end for subcutaneous placement in direct contact with patient blood
or the like, and exposed conductive contact pads at an externally located proximal end for
convenient electrical connection with a suitable monitoring device. Such thin film sensors
hold significant promise in patient monitoring applications, but unfortunately have been
difficult to place transcutaneously with the sensor electrodes in direct contact with patient
blood or other body tluid. Improved thin filim sensors and related insertion sets are
described in commonly assigned U.S. Pat. Nos. 5,390,671, 5,391,250, 5,482,473;
5,299,571, 5,586,553, 5,568,806, and 7,602,310,

f0006] Carenily, glucose sensor sets exist that include three components: a

disposable sensor with its mounting base, a durable, rechargeable ransmitting device, and
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a durable sensor insertion tool. Because it is necessary to regularly replace the sensors
sold with or to be used with these sets, these sets present some challenges to the user. The
gSer ISt pause any continuous glucose monitoring ro recharge the wansmitting device
during sensor replacement. The insertion process is often long and complex. After
msertion, the transmitting device must be connected to the sensor, often on hard to reach
wmsertion sites. After comnecting the transmitter, i is comumon for a user to bave to wait
over an hour before the sensor starts giving readings, resulting in a break of the

wonitoring process. During the break, blood glucose spikes will be unrecognized by the

monitoring device.

{0007 Currently, there are sensor sets that include a mounting base, for placement
on the patient’s skin, which can be coupled to a connector with stitable sensor electronics
{wired or wireless). Because the mounting base may be sold separately, it is possible to
attach incompatible components together, which can compromise the sensor data. In
addition, the struciure of the current sensors allows for limited number of contact pads,

and respeciive sensor electrodes.

SUMMARY OF THE DISCLOSURE

[0008] In aspects, provided herein is a sensing device for sensing a patient
characteristic like an analyte (e.g., glucose), the device comprising: a single case adapted
to be mounted on the skin of the patient; a printed circuit board assembly inside the case;
a first sensor extending from the case, the fixst sensor having at least two sensor electrodes
thereon at a distal end for generating at least one electrical signal representative of an
analyte, the first sensor including at least two contact pads at a proximal end, wherein the
at least two contact pads are electrically coupled to the printed circuit board assembly,
wherein each of the at least two contact pads are electrically coupled to at least one of the
at least two sensor electrodes, and wherein the distal end of the first sensor extends from
the case; a transmitter electrically coupled to the printed circuit board assembly and inside
the case, wherein the transmitter is adapted to transmit signals sensed by the sensor; a

hattery electrically coupled to the printed circuit board assembly and inside the case.

[0009] Also provided is 4 method of sensing an analyte, comprising providing the

sensing device, inserting the sensor into the body of a patient using an insertion tool,
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wherein the insertion tool is adapted to hold the case inside the insertion tocd and wherein
the insertion tool incliudes a needle adapted to swrround the sensor and to pierce the body
of the panent, removing the insertion ool such that the sensing device remains on the

body of the patient with the sensor inside the body of the patient.

[0010] The proximal end of the sensor may be permanendy affixed to the printed
cirenit board assermbly. The printed circwit board assembly may include printed circuit
hoard assembly sensor pads, the printed circuit board assembly sensor pads adapted o
electrically couple to the first sensor contact pads, and further include a sensor elastomeric
connector on top of the first sensor and the printed circuit board assembly, wherein the
sensor elastomeric connector presses the first sensor contact pads divectly against the

printed circuit board assembly sensor pads.

[0011] A second sensor may be included, the second sensor having at least two
sensor electrodes thereon at a distal end for generating at least one electrical signal
representative of the analyte, the second sensor including at least twe contact pads at a
proximal end, wherein the at least two contact pads arc electrically coupled to the printed
circuit board assernbly, wherein each of the af least two contact pads are electrically
coupled to at keast one of the at least two sensor clecirodes, and wherein the distal end of
the second sensor extends from the case. The proximal end of the second sensor may he
stacked on the proximal end of the first sensor, wherein the at least two contact pads on
the first sensor face in the opposite direction of the at least two contact pads on the second
sensor. The at least two sensor electrodes on the distal end of the first sensor may also be
formed in the opposite direction as the at least two sensor electrodes on the distal end of

the second sensor.

]

[0012] The sevsing device may include a battery pull tab adapted to break the
electrical coupling of the battery from the printed circuit board assembly. The printed
circuit board assembly may inchude batiery connector pads that must be shorted together
to connect the positive side of the battery to the printed circuit board assembly, and
further include a pull tab elastomeric connector adapted to short the battery connector
pads when it contacts the printed circuit board assembly. The battery pull tab is adapted
0 separate the battery connecior pads from the pull 1ah elastomeric connector when it is

located between the battery connector pads and the pull tab elastomeric connector. The
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sensing device may further include a battery pull tab retaining post on the printed circuit
hoard assembly, wherein the battery pull tab is affixed to the hattery pull tab retaining
post. The battery pull fab may inclade a rear notch adapted to tear the bhattery pull 1ab
from the battery pull tab retaining post such that the battery pull tab is removed from the
sensing device, whereby the pull tab elastomeric connector contacts the battery connector

pads. There may be roore than one battery, such as two batteries connected in series.

10013} The sensing device is housed in a single housing or case. The case may
comprise an upper housing and a lower housing. The upper housing is connected to the
lower housing in a water tight manner. For example, the upper housing may be
ulirasonically welded to the lower housing. in an embodiment, the sensing device is
smaller than multiple part sensing devices of the prior art. For example, the sensing

device may be less than about 1.4 inches by 1 inch by 0.2 inches in size.

[0014] The transmifter transmits the sensor signals to a monitoring device, such as

a handheld analyte monitor, which may have a display, or a smartphone.

[0015] The sexsing device may include a push button or other type of switch
instead of a pull tab for powering on the device. Iustead of being completely
disconnected during storage, the battery may be connected with the sensing device ina

low power sleep mode.

10016] In aspects, herein is provided a sensing device for self-monitoring an
analyte, the sensing device including a flexible case adapted to adhere to the skin of 2
paticnt, a printed circutt board assembly inside the case, a first sensor extending from the
flexible case and electrically coupled to the printed circuit board, and one or more
indicators such as lights in the flexible case, where the indicator(s) are adapted to indicate
whether a level of analyte is within a normal range. The sensing deviee may in addition
or alternatively show the percentage of time a level of analyte has been within a desired

range.

10617 The sensing device for self~monitoring an analyte may also keep track of

the percentage of a predetermined amount of time that the level of the analyte is within
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the normal range. The predetermined amount of time may be set as 24 hours, or it may be

sef as 7 days.

{0018} In some aspects, one or more indicators may be adapted to indicate the
percentage of the predetermined amount of time that the level of analyte was within the
normal range. The one or more indicators may include a light adapted to tum on when the
analyte level was within the normal range for greater than ninety percent of the

predefermined amount of time.

j0019] In somc aspects, the one or more indicators are LED lights. The one or
more indicators may cach be capable of displaying at least two colors. In aspects, the one
or more indicators are configured to blink, such that quick blinking indicates higher than
normal levels of the analyte and slow blinking indicates lower than normal levels of the
analyte. In some aspects, the one or more indicators includes a light adapted to display a
first color when the level of the analyte is normal and adapted to display a second color
when the level of the analyte is outside of a normal range. In some aspects, numerous
mdicators can make up a shape of lights to indicate s sliding scale of the lovel of the

analvie.

100201 The sensing device for self-monitoring an analyte may be a disposable,
one-time use device. In some aspects, the sensing device may include an acdhesive patc

adapted to attach the tlexible case to the skin of the patient.

100211 In: an aspect, the sensor is a microneedie sensor. In some aspects, the
sensor may be a flexible thin film sensor adapted to be inserted in the skin of a patient

using an insertion needle. The analyte may be blood glucose.

10022] In some aspects, the sensing device for self-monitoring an analyte may
inclade a single use, disposable battery. It may also include a pull tab adapted to prevent

the sensor device from turning on vatil it is removed from the sensing device.

[0023] In some aspects, the sensor of the sensing device may include at least two
sensor electrodes thereon at a distal end for generating at least one electrical signal
represeniative of an analyte, the first sensor including at least two contact pads at a

proximal end, wherein the at least two contact pads are electrically coupled to the printed
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circuit board assembly, wherein each of the af least two contact pads are electrically
coupled to at feast one of the at least two seunsor elecirodes, and wherein the distal end of
the first sensor extends from the case. In some aspects, the sensing device may include 4
second sensor, the second sensor having at least two sensor electrodes thereon at a distal
end for generating at least one electrical signal representative of the analyte, the second
sensor including at Jeast two contact pads at a proximal end, wherein the at least two
contact pads are electrically coupled to the printed circuit board assembly, wherein each
of the at least two contact pads are electrically coupled to at least one of the at least two

sensor electrodes, and wherein the distal end of the second sensor exiends from the case.

{0024} in aspects, herein is provided a medical sensing device for sensing an
analvte, the device comprising a case having a lower major wall adapted to be mounted
against the skin of the patient, and an upper opposing major wall; a sensor extending from
the case and baving a distal end sensitive to the analyte to produce an electrical signal,
and a proximal end within the case having electrical contacts; a printed circuit board
assembly within the case supported by one of the major walls to receive the electrical
signal via the electrical contacts; and an elastomeric pad disposed in the case and biased
by the other major wall to urge the said proximal end of the sensor into contact with the
printed circuit hoard assembly and maintain an electrical connection between the

elecirical contacts and the printed circuit board assembly.

[0025] The electrical contacts on the sensor may face the contact pads on the
printed circuit board assembly; and the elastomeric pad prasses the electrical contacts on
the sensor into touching connection with corresponding contact pads on the printed circuit
board assembly to maintain the electrical connection. The electrical contacts on the
sensor may face away from the printed circuit board assembly; the printed circuit board
assembly has contact pads displaced (o the side of the sensor, and the elastomeric pad
contains conductive strips positioned to connect electrically the contact pads of the printed
circuit board assembly to respective electrical contacts of the sensor to maintain the

electrical connection.

10026] The proxiimal end of the sensor may have electrical contacts facing both
wowards and away from the printed cirenit board assembly; the prinred circuit board

assembly has first contact pads touching the contacts facing towards the printed circuit
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board assembly, and second contact pads displaced to the side of the sensor; the
elastomeric pad being disposed to press the elecirical contacts on the sensor facing the
printed circait board assembly into touching connection with first contact pads; the
elastomeric pad further containing conductive strips positioned to connect electrically the
second contact pads of the printed circutt board assembly to respective electrical contacts
of the sensor facing away from the printed curcuit board asserubly. The elastomsric pad
may have alternating conduactive layers and non-conductive layers along its length such

that the elastomeric pad is conductive along its width and height, but not along its length.

f0027] The sernsor may comprise two strips of insulative sheet material each
baving on its surface elongate conductive clements leading from the distal end to the
contacts at the proximal end, wherein the strips are arranged back-to-back sach that the
contacts on one strip face towards the printed circuit board assembly and the contacts on
the other sirip face away from the printed circuit board assembly. The sensor may extend
{rom the case via an opening in the Tower major wall, there being a seal separating the
opening from an internal cavity of the case housing of the printed circuit board assembly,
said seal being held in compression between the upper and lower walls, wherein the back-

to-back strips separate to a side-by-side relationship where they pass through the seal.

{00281 The sersing device may further include a trransmitter electrically coupled to
the printed circuit board assembly and inside the case, wherein the wansmitter is adapted
to transimit analyte readings sensed by the sensor. The sensing device may further include
a battery electrically coupled to the printed circuit board assembly and inside the case.
The sensing device may farther include a battery pull tah adapted to break the electrical
coupling of the battery from the printed circuit board assembly. The sensing device may
further include battery connector pads that must be shorted together to connect the battery
10 the printed cireuit board assembly, a pull b elastomeric connector biased in a
direction to short the battery connector pads, wherein the battery pull tab is adapted to
separate the battery connector pads from the pull tab elastomeric connector until it is
pulled. The battery connector pads may be on the printed circuit board assembly, which
further may have a battery pall tab retaining post, wherein the battery pull tab 1s affized to
the battery pull tab retaining post. The sensing device may inchude a button in the upper

major wall, wherein the button is adapted te activate the sensing device.
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[0029] The case may comprise an uppet housing including the upper major wall
and a lower housing including the upper major wall, and wherein the upper housing is
connected 1o the lower housing in a water fight manner. The upper housing may be
ultrasonically welded to the lower housing. The case may be less than about 1.4 inches by

1 inch by 0.2 inches in size.

[0030] I aspects, provided herein is a medical sensing device for sensing an
analyte, the device comprising: a case having a lower major wall adapted to be mounted
against the skin of the patient, and an upper opposing major wall; a sensor extending from
the case through an opening in the lower major wall, the sensor and having a distal end
sensttive 10 the analyte to produce an elecirical signal, and a proximal end within the case
having clectrical contacts; a power unit disposed at a first end of the case; a T-shaped
support mounted within the case having a cross arm extending transversely across the
vase, and a stem extending towards a second end of the case, the stem having a guide

channel for the sensor from the opening in the lower major wail.

10031 The T-shaped support has support pads at the ends of the cross arm in
contact with the upper major wall. The upper major wall may have an orifice for entey of
a needie, and the support may extend to the upper major wall at the ntersection of the
cross arm and stem and provides a guide for the needle. The lower major wall may
comprise a printed circuit board assembly supporting the power unit and the T-shaped
support, the printed circuit board assembly further having pads connecting to the electrical
contacts of the sensor. The casing may be made of a flexible material, for example and

without Hraitation, silicone or polyurcthanc.

[0632] According to a further aspect the invention provides apparatus for placing
a medical device on the surface of the skin of a patient and inserting a medical filament
extending from the device into the skin of the patient. Typically, but not necessarily the
medical device can contain the electronics of a glucose sensor and a transmitter to
transmit measured readings to external equipment. In that case the filament could be the
elecirodes of a potentiostat and connecting wires. The apparatus comprises a frame having
a mouth for positioning against the skin during placement of the medical device, and an
internal cavity for retention of the medical device prior w placement. Typically the

apparatus comes pre-assembled with a pull off cover over the mouth preventing premature
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actuation. The medical device itself has a surface adapted to be held against the skin of
the patient and the filament extends theretrom. Most conveniently the said surface could
be provided with an adhesive layer, or be attached to an adhesive parch. The apparatus
further has a retractable needie extending through the medical device and carrying the
flament. The needle typically has an internal longitudinal cavity or “C” cross section so
that it protects and carries the fiament durtng insertion. When the needle is retracted it
leaves the filament implanted. The apparatus has a striker holding the medical device and
being axially movable within the frame from a first retracted position within the frame to
a second position in which the surface of the medical device is presented at the mouth of
the frame. When in positon on the skin of the patient, any adhesive on the medical device
could at this siage stick to the skin. The apparams further includes a driver, for example a
coil spring configured to urge the striker towards the second position and a releasable
striker lock holding the striker in the first position. The apparatus has g plunger axially
movable with respect to the frame in a direction towards the mouth, from a rest position to
a firing position. the apparatus having a mechanism configured to release the striker lock
when the plunger reaches the fiving position, sllowing the striker to move from the
retracted to the second position. The driver spring may be longitudinally disposed
between the striker and the plunger, such as to compress as the plunger is moved from the
rest posifion to the firing position. The striker lock may comprise an engagement between
upstanding extensions on the frame and the striker, and the planger may have a cam
surface to dislodge the engagement. Thus in this arrangement when the patient holds the
plunger and presses the apparatus against the skin, this does not divectly press the striker,
and hence the needle into the skin, but compresses the spring. As manual pressare is
exerted on the plunger compressing the spring this creates a corresponding force on the
patient, which helps stabilize the apparatus. This reaction force is supplemented by the
reaction to the force needed to release this lock, thus improving stability even more,

especially at the firing tme.

10033] The striker may have resilient snap arms engaging a perimeter of the
medical device to releasably hold the medical device in the striker. The releasability of the
medical device enables the apparatus to be lifted off the skin leaving the medical device in
place. To help prevent premature release of the medical device, the frame has ribs, which

contact the arms when the striker is in the first position. This increases the force needed to

10
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release the medical device from the siriker, before the firing. The ribs may be fixed on the
frame and extend longitudinally into the striker, touching the snap anms only when the
striker is in the first position, mereasing their stiftness and or tlexing length. The medical
device may be rectangular, possibly with rounded corners and be held in the striker by

four of said snap arms, one acting on each corner.

[034] The apparatus may further include an antomatic retractor exerting a force
on the needle in the direction fo pull the needle out of the medical device; a releasable
retractor lock preventing the retractor from pulling the needle out of the medical device:
and a retractor lock release mechanism configured to release when the striker is in the
second position and the plunger moves away from the firing posttion. The retractor may

be spring acting on a needle hub attached to the proximal end of the needle.

f0033] The plonger may comprise a push button head adapted to be gripped by the
gser merging via a shoulder portion to a wider diameter dependent skirt portion; and the
apparatus may further include an external collar surrounding the frame and spaced
therefrom to form an annular gap scconmmodsting the dependent skirt of the plunger. The
collar may be rotatable with respect to the plunger and theve may be provided locking
structures allowing axial movement of the plunger with respect to the frame at a given
angular orientation. The locking structures may include a visible indication of the angular

orientation at which the plunger can be axially moved.

10036] The invention according to a modification of this aspect also envisages the
arrangements to vary the holding force with which the medical device is held ina
stmplified context t0o. The invention thus also provides apparatus for placing a medicai
device on the surface of the skin of a patient and inserting a medical filament extending
from the device tnto the skin of the patient, comprising a frame having a mouth for
positioning against the skin during placement of the medical device, and an internal cavity
for retention of the medical device prior to placement; the medical device having a surface
adapted to be held against the skin of the patient and having the filament extending
therefrom; a retractable needle extending through the medical device and carrying the
filament; a striker holding the medical device and being axially movable within the frame
from a first retracied position within the frame 1o a second position in which the surface of

the medical device is presented at the mouth of the frame; a plunger being axially
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movable with respect to the frame in a direction towards the mouth; wherein the striker
has resilient snap aras engaging a perimeter of the medical device to releasably hold the
medical device in the striker; and the frame has ribs which contact the arms when the
striker is in the first position to increase the force needed to release the medical device

from the striker.

[0037] I aspects, an apparatus for placing a medical device on the surface of the
skin of a patient and inserting a medical filament extending from the device into the skin
of the patent is provided, the apparatus comprising: a frame having a mouth for
positioning against the skin during placement of the medical device, and an internal cavity
for retention of the medical device prior to placement; the medical device having a surface
adapted to be beld against the skin of the patient and having the filament extending
therefrom; a retractable needle extending through the medical device and carrying the
filament; a striker holding the medical device and being axially movable within the frame
{from a first retracted position within the frame to a second position in which the surface of
the medical device is presented at the mouth of the frame; a driver configured 1o urge the
striker towards the second position; a releasable striker lock holding the striker in the first
position; & plunger axially movable with respect to the frame in 2 direction towards the
mouith, from a rest position to a firing position, the apparatis having a mechanism
configured to release the striker lock when the plunger reaches the firing position,

allowing the striker to move from the retracted to the second position.

H0038] The striker may have resilient snap arms engaging a perimerer of the
medical device to releasably hold the medical device in the striker; and the frame has ribs
which contact the arms when the striker is in the first position to increase the force needed
to release the medical device from the striker. The ribs may be fixed on the frame and
extend longitudinally ino the siviker, touching the snap arms when the siriker is in the

first position.

[0039] The medical device may be rectangular and held in the striker by four of
said snap arms, one acting on each corner of the medical device. The driver may be a
spring longitudinally extending between the striker and the plunger, such as © compress

ag the plunger is moved from the rest position 1o the fiving position. The striker lock may
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comprise an engagement between upstanding extensions on the frame and the striker, and

the plunger may have a caro surface to dislodge the engagement

{004G] The apparatus may further include: a retractor exerting a foree on the
needle in the direction to pull the needle out of the medical device; a releasable retractor
fock preventing the retractor from pulling the ncedle out of the medical device; and a
retractor lock release mechanisin configured to release when the striker is in the second
position and the plunger moves away from the firing position. The retractor may be a

spring acting on 8 needle hub atiached to the proximal end of the needle.

[0041] The phmger may comprise a push button head adapted to be gripped by the
user merging via a shoulder portion to a wider diameter dependent skirt portion; and the
apparatus further includes an external collar surrounding the frame and spaced therefrom
to form an annular gap accommodating the dependent skirt of the plunger. The collar
may be rotatable with respect to the plunger and there may be provided locking structures
allowing axial movement of the plimger with respect to the frame at a given angular
orientation. The locking structures may include a visible indication of the angular

orientation at which the plunger can be axially moved.

100421 The apparatus may further include a removable cover over the mouth of
the frame to prevent access to the medical device and needie prior to use. The medical
device may be a glucose sensor and the filament comprises sensor electrodes. The medical
device may contamn a wireless transmitter to transmit a signal representing measared

glucose concentration to external equipment.

10043] Provided is an apparatus for placing a medical device on the surface of the
skin of a patient and mserfing a medical filament extending from the device into the skin
of the paticat, comprising: a frame having s mouth for positioning against the skin during
placement of the medical device, and an internal cavity for retention of the medical device
prior to placement; the medical device having a surface adapted to be held against the skin
of the patient and having the filament extending therefront; a retractable needle extending
through the medical device and carrying the filament; 2 striker holding the medical device
and being axially ruovable within the frame from a first retracted position within the

frame to a second position in which the surface of the medical device is presented at the
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mouth of the frame; a plunger being axially movable with respect to the frame in a

direction towards the mouth; wherein the striker has resilient snap anns engaging a

perimeter of the medical device o releasably hold the medical device in the striker; and

the frame has ribs which contact the arms when the striker is in the first position to

merease the torce needed to release the medical device from the striker.

[0044]

The

appacatus may further include a removable cover over the mouth of

the frame to prevent access to the medical device and needle prior to use. The medical

device may be a glucose sensor and the filament comprises sensor electrodes. The medical

device may contain a wireless transmitter to transimit a signal representing measured

ghicose concentration fo external equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045]

For

a more complets understanding of the present disclosure, reference is

row made to the following figures, wherein like reference numbers refer to similar items

throughout the figures:

j0046]

100471

[00438]

[0046]

[0050]

[0051]

FIG

FIG.

FIG.

HIG.

HiG.

FIG.

FIG

sensing device.

[0053]

FIG

sensing device.

. 1 illustrates a perspective view of a sensing device.
2 {llustrates a side view of a sensing device.

3 ilustrates a view of an analyte sensor.

4 lustrates an internal view of a sensing device.

5 lustrates an exploded view of 2 sensing device.

& illustrates an exploded view of components of a sensing device.

5. 7A and 78 iHustrate close up views of internal coroponents of a

s. BA-8B illustrate top views of internal electrical components of a
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[0054] FIGS. 8C-5D illustrate perspective internal views of a sensing device.
00551 FIG. BE illustrates a perspective view of an upper housing of a sensing
device.
10056] FIG. 9 illustrates a partial view of a sencing device.
100571 FIGs. 10A-10B illustrate views of a prior art sensing device and a sensing

device according to an embodiment described herein.

[058] FIG. 11 iBustrates an exploded view of a sensing device.
0059] FIG. 12 illustrates top views of internal components of a sensing device,
[0060] FIG. 13 illustrates a perspective, exploded view of components of a

sensing device.

[0061] FiGs. 14A-14C illusrate partial views of internal components of a sensing
device.

j0062] FIG. 15 illustrates a partial view of internal components of a sensing
device.

[0063] FIGS. 16A and 168 illustrate perspective views of portions of a sensing
device.

{00641 FIG. 17 illostrates a perspective view of internal components of sensing
device.

[0065] FIG. 18 illustrates a perspective view of a sensing device, with the external

housing shown as transparcnt,

10666 FiIG. 19 tustrates a side view of a sensing device, with the external

housing shown as transparent.
[067] FIG. 20 iliustrates a perspective view of an insertion tool.

[0068] FIG. 21 iHustrates a top view of a sensing device.
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[0069] FIG. 22 iHustrates a top view of a seasing device.
[0070] FIGs. 23A-23D iltustrate perspective views of an insertion tool.
671 FIG. 24 illustrates an exploded view of an insertion tool.
{0072] FIG. 25 iHustrates a cutaway view of an insertion tool.
{0073] FIG. 26 illustrates a side cutaway view of an insertion tool.
10074] FIG. 27 illustrates a side cutaway view of an insertion tool.
[0g75) FIG. 28 iMustrates a side cutaway view of an insertion rool.
10076] FIG. 29 illustrates a side cutaway view of an insertion tool.
10077] FiGs. 30A-30C illustrate bottom views of a portion of an insertion tool.
[0078] FIG. 31 iHustrates an elastomeric connector of a sensing device.

DETAILED DESCRIPTION

[0079] The following description and the drawings tllustrate specific embodiments
sufficiently to enable those skilled in the art to practice the system and method described.
Other embodiments may incorporate structural, logical, process and other changes.
Examples merely typify possible vacations. Individual elements and functions are
gencrally optional unless explicitly required, and the sequence of operations may vary.
Portions and features of some embodiments may be included in, or substituted for, those

of others.

[0033] As shown in the exemplary drawings, an improved sensing device is
provided for menitoring a body characteristic of the body. Alsc provided is an improved
stracture of the connections between the various components of the sensing device. Ope
example body characteristic is the blood glucose Jevel of the bedy. Asshown in FIG. 1, a
configuration of a sensing device 100 includes a housing 110 including an upper housing
1203 with an upper major wall inside the upper housing, and a lower housing 130 with a

lower magor wall nside the lower bousing, where the upper and lower major walls oppose

16



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

each other. The housing 110 is shown as generally rectangnlar, but other shapes, such as
rectangular (shown in other aspects herein), square shapes, circular shapes, polyzon
shapes, can be used according to the size of the components housed inside and to incresse
comfort levels on the skin. The housing has a low profife to decrease visibility through
clothing and also to decrease discomfort and interference from the sensing device when if

1S worn on 4 patient’s skin.

00811 The hounsing may be aftached to an adhesive patch 200 for press-on
adhesive mounting ounto the patient’s skin. The patch may be sized such that it has ag
much adhesion to skin as possible while not being too large for comfort or to easily fit on
a patitent. 'The adhesive patch moay be made out of a material with stretch to increase
comfort and to reduce failures due to sheer. It is understood that alternative methods or
techitiques for attaching the mounting base to the skin of 2 patient, other than an adhesive
patch, also may be contemplated. The housing 110 may be made out of a suitable rigid
plastic that can safely and securely hold electrical components of the sensor. Suitable
plastic materials include, as an example and in no way by limitation, ABS, nylon, an
ABS/PC blend, PVC, polyretrafiuorocethylene (PTFE), polypropylens, polyether ether
ketone (PEEK), or the like, and polycarbonate. In this configuration, the upper housing
121 includes a small opening 115 for pass through of a battery pull tab {(not shown) used
to block the battery from contacting the electronic battery contacts prior to use, thus

preventing hattery depletion.

10082} The adhesive patch may be bonded to the lower housing along the entire
footprint of the lower housing, or over just a portion, such as the perimeter of the housing.
Shear, tensile, peel, and torque loads are distributed as much as possible. The patch may
be ultrasonically welded to the lower housing or adhered, for example, by a double-sided
adhesive. In configurations, the adhesive patch extends further than the edge of the lower
housing. In one configuration, the offset between the patch edge and the device edge is
about 0.25 inches, although it may be smaller or bigger as long as it is conveniently sized

to allow placement of the sensing device and to be comfortable on the skin of a patient.

[0083] FIG. 2 shows a side view of the sensing device 100 with thin film sensor
12 extending out of the housing through the patch 200, which may include a hole for the

sensor 12 to pass through. The low profile/height of the housing 110 can be seen in FIG.
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2. As shown in FIG, 3, the flexible thin sensor 12 comprises a relatively thin and
elongated element which can be constructed according to so-called thin mask technigues
10 include elongated conductive elemenis 24 emnbedded or encased between layers of 2
selected insulative sheet material such as polyimide film or sheet. Support may be
provided to the flexible thin sensor. For example, the flexible thin sensor may be
contained in a flexible tube to provide support. However, it is possible for a thicker
sensor to be stiff enough to facilitate sensor to base assembly and to reduce instances of
sensor kinks without a flexible tbe. A thickness of about 17-40 uun is sufficiently thick
to provide this stability, for example 25 pm. The proximal end or head 16 of the sensor 12
is relatively enlarged and defines electrical contacts, the conductive contact pads 18,
which are exposed through the inculative sheet material for electrical connection to the
printed circuit board assembly containing and connected to the various electrical
components of the sensor. An opposite or distal segment of the sensor 12 inclades the
corresponding plurality of cxposed sensor electrodes 15 for contacting patient body fluid
when the sensor distal segment is placed into the body of the patient. The sensor
electrodes 15 generate electrical signals representative of patien! condition, wherein these
signals are transmitted via the contact pads 18 and connector, which includes sensor
electronics (including a wireless transmitter) to an appropriate monitoring device (not
shown) for recordation and/or display to monitor patient condition. Further description of
flexible thin film sensors of this general type may be found in U.5. Pat. No. 5,391,250,
which 13 herein incorporated by reference. Sensor electronics including wiveless

transmitters are discussed, for example, in U.S. Pateat No. 7,602,310

{0084} As shown in FIG. 4, the lower bousing 130 contains various elecirical
components. In various embodiments, the lower housing 130 is water tight to protect the
components from water damage. A printed circuit beard assembly (PCBA) 320 fits inside
the lower housing 130 and is supported by one of the major walls (upper or tower
housing). The PCBA is adapted to receive electrical signals from the sensor through
electrical contacts on the PCRBA. In the embodiment shown in FIG. 4, the PCBA fits in
about two-thirds to three-fourths of the lower housing and is shaped such that a battery
300 futs next to, not oo top of, the PCBA. Electrical components of the sensing device are

clectrically connected to the PCBA. Back to back sensors may be mounted directly to the
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PBCA. A battery 304 is included to provide power to the electronic compenents. In FIG.
4, the buttery 300 1s a coin cefl battery, which is held using a battery clip 302. Any
suitable bhartery that i< small 10 size with sufficient life for the sensing device may be used.
For example, if a CR3115 3V battery (48 mAh) is used, it has the capacity for 14-day
wear. A battery pull tab 310 disconnects the battery 300 from the PCBA to prevent
battery drain during shipping and storage. The user removes the pull tab 310 after
inserting the scnsor into the user’s body, turning on the sensing device 100, Additional
batteries may be used. For example, two or more batteries in serics may be used instead

of the one baitery showny in FIG. 4.

{0085} FIG. 5 shows an exploded view of one configuration of a sensing device
100. Upper housing 120 mcludes an interior apper wall 125 and needle opening 122. The
adhesive patch 200 is below the components for attaching the sensing device 100 to the
skin of a user. The lower shell/housing 130 has an interior lower major wall 135 and
houses the electrical components, which include a battery 300 held into place by battery
clip 302, Alternatively, the battery (or batteries) may be held into place by other methods
such as integrated solder pads on a flex or rigid or rigid/flex circuit board. It is further
possible to hold the battery in place by shaping the upper and/or lower housings in a way
to contfine the battery and prevent it from moving when the upper and lower housings are
connected to each other. The PCBA 320 1s electrically connected to the electrical
components. In this configuration, two sensors (124 and 128} are used in conjunction
with each other. In other configurations, oune sensor or more than two sensors may be
gsed. Multiple sensors may sense the same or different characteristics of a user (e.g.,
glucose and vitamin levels). The sensors may include more than one electrode. In one
aspect, each sensor is adapted to accommodate up to 5 electrodes. Potential
configurations include one single-sided sensor, with up to five electrodes, two single-
sided sensors, back-to-back, with up to five electrodes per sensor (the two sensors could
be the same or different sensors), and one double-sided seasor, with up fo five electrodes
per side. In this aspect, each sensor may be about (.060 iaches by 0.900 inches, which
allows housing of up to five electrodes. The sensor electrodes interact with contact pads
on the PCBA, where the contact pads may be about 0.030 inches in diameter and may
bave a pitch of about 0.050 inches. Other sizes may be used that are suitable for a small

sized sensing device.
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[0086] The sersors 12A, 12B may be held in place by sensor elastomeric
connectorfelastomeric pad 359 and sealed using sensor gaskets 340. When the upper and
lower housings are connected, and the PCBA is supported by the lower housing and lower
wall, the elastomeric connector is biased by the upper housing and upper, opposing wall
to urge the proximal end of the sensor 1nto contact with the PCBA and maintain an
electrical connection between the electrical contacts and the PCBA. Battery pull tab 310
is connected to the upper housing 120 using pull tab elastomeric comector 360 and sealed
with pull tab gaskets 370. The base 312 of the battery pull tab blocks the battery 300
from electrically connecting to the PCBA 320, The battery pull tab upper portion 314
extends outside of the housing when the sensor is assembled 80 that a user can remove it
tw tarn on the sensing device. A needle hub 400 is shown. with needle 410 1o aid in
msetion of the sensor into a user’s body. The needle hub shown is 2 simple needle hub
that houses the needle. A more complicated insertion tool may be inchsded that otilizes
the needle hub or as an alternative to the needlc hub. The needle fits through the upper
housing needle opening 122 and lower housing sensor opening (not shown) and patch
sensor opening 210 when the sensor is tnserted into the user’s body. The needle hub 400

inchuding the needle 410 can then be removed, leaving the sensor inside the user’s body.

[0087] One configuration of sensors for use in the sensing device 100 1s shown in
an exploded view in FIGi. 6. Upper sensor 12A has its contact pads 121 A facing up and
its sensor chemistry 123 A facing left. Lower sensor 128 has its contact pads 1218 facing
down and chemistry 1238 facing right. The PCBA includes PCBA sensor pads 322,
which may be etched or deposited onto the PCBA such that the sensors will be electrically
connecied to the PCBA. The lower housing 130 shows lower housing sensor opening
132, through which the sensors 12A, 128 and, during insertion, a needle may extend.
When the sensors are fitted inte the housing with the remaining components, the sensor
contact pads interact with the PCBA contact pads through direct touch connection, This
direct connection allows for all of the sensor components to be housed within a single
housing, unlike previous sensor sets where the sensor is indirectly connected to the PCBA

containing the sensor electronics (separately housed from the sensor itself).

[0088] A more detatled view of the sensor clectrical comnections is shown in

FIGs. 7A and 7B. As illustrated, in these partial views of the sensing device according to
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one or more embodiments, lower shell posts 324 locate the sensor pads so that they
contact the PCBA sensor pads 322, FIG. 7B shows (transparently) the sensor elastomeric
connector 350, which 1o this configuration s sandwiched between the upper housing and
the sensors/PUCBA. The sensor elastomeric connector 350 presses the lower sensor 128
agamst the PCBA sensor pads. The sensor elastomeric connector 350 electrically

connects the upper sensor contact pads to the PUBA sensor pads.

0089 FIGS. €A-E show a configuration of a battery disconnect procedure
according tw certain embodiments. FIG. 8A shows a bottom view of the PCBA 320 with
the battery 300 held by battery clips 302, which may be welded to pads on the underside
of the PCBA 320. Fi(;. 88 shows the same configuration but with a top view of the
PCBA 320. The battery 300 is held by battery clips 302. Battery connector pads 204 on
the PCBA are shorted together to connect the positive side of the battery 300 to the PCBA
324, In FIG. 8C, the battery puli tab 310 is shown. The battery pull tab 310 is 2 non-
conductive tab according to one or more embodiments. It may be sandwiched between
the pull tab elastomeric connector 360 and the PCBA battery connector pads (not showir).
When the battery pull tab 310 ie sandwiched in this position, it blocks the electrical
connection hetween the hatiery and the PCBA. After the sensor is inserted, a user can
remove the pull tab, allowing connection between the battery and the PCBA so that the
sensing device furmns on, as illustrated in FIG. 8D, FIG. BE shows the inside of the upper
housing 120. A pull tab retaining post 312 is provided inside the upper housing 120. The
battery pull tab may be heat staked to the upper housing 120 at the pull tab retaining post
312, ¥ the battery pull tab is heat staked to the pull tab retaining post 312, the battery pull
tab may have a tear notch to help it tear free from the pull tab retaining post during
removal. A strap 312 holds the elastomeric connector of the battery pull tab elastomeric

connector 360 into the upper housing.

i0090] The sersing device may be water resistant, with water tight seals provided
between various external components, preventing potential damage 1o internal
components from motsture. Fi(G. 9 illustrates a cut-away view of the sensing device 100.
In one embodiment, the entire perimeter between the upper housing 120 and the lower
housing 130 is scaled with an ultrasonic weld joint 125, Another type of welding or

sealing of the upper and lower housing may be used as long as the connection is water
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tight enough to prevent the intertor electrical components from being damaged. In
general, it is not envisioned that the upper and lower housings will need o be separated
frorn each other, becauise the sensing device is intended to be used once and disposed of.
However, it would be possible to create another type of connection between the upper
housing and lower housing for repatr or replacement of parts in a more long-term sensing
device. The pull tab gaskets 370 form face seals between the upper housing 120, lower
housing 130, and battery pull tab 310. The sensor gaskets 340 form face seals between

the upper housing 128, lower housing 130, and the sensors 12A, 12B.

[0091] FIG. 11 shows an aliernate configuration of a sensing device. Upper
housing 1126 includes interior upper wall 1125 with needle hole 1120, The adhesive
patch 1200 is below the components for attaching the sensing device to the skin of a user.
The lower housing or shell 1130 with interior lower wall 1135 houses the electrical
components, which include two batteries 1300, One battery or additional batteries may
also be used. The batteries may be held in place by any method suitable for keeping them
fixed within the housing. For example, they may be held into place by a battery ¢clip.
Aliernatively, in the configuration showr, the batteries may be held into place by other
methods such as integrated solder pads on a flex or rigid or rigid/flex circuit board. ks
fusther possible to hold the battery in place by shaping the upper and/or lower housings in
a way to confine the battery and prevent it from moving when the upper and lower
housings are comnected 1o each other. The PCBA 1320 is electrically connected to the
electrical components. In this configuration, two sensors (10124 and 10128) are used in
conjunction with each other. In other configurations, one sensor or more than two sensors
may be used. Multiple sensors may sense the same or different characteristics of a user
{e.g., glucose and vitamin levels). The sensors 10124, 10128 may be held in place by
sensor clastomeric connector 1350, A needle hub 1400 is shown, with necdle 1410 to aid
in insertion of the sensor into a user’s body. The needle fits through the upper housing
needle opening 1122 and lower housing sensor opening (not shown) and patch sensor
opening 1210 when the sensor is inserted into the user’s body. The needle hub 1400
including the needle 1410 can then be removed, leaving the sensor inside the user’s body.
A push button 1125 is shown in the upper housing 1120, The push button may be used to
turn on the senstng device, as set forth 1 the deseription heremn. The particular push

button configuration shown is an example configuration. It could be shaped in a different
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torm, such as a circle. [t could extend further than the housing or be configured so that its

top surface is lower than the housing.

{0092] FIG. 12 shows the contfiguration of FI(. 11 from a top view. The lower
housing 1130 holds PCBA 1320 and batteries 1300. The sensors 1812A and 1012B are
attached to the PCBA 1320 using elastomeric conmector 1350, Also shown in FIG. 12 are
slectrical components that may be included in any configuration, including those
discussed herein. The electrical components include ASIC (application specific
integrated circuity 1701, MCU (multipoint control unit) 1702, memory 1703, antenna
1704, and reservolr caps 1705. Battery tabs 1706 lead from the batteries 1300 to the
PCBA 1320

[0093] The battery tabs 1706 shown are part of three battery spring contacts,
which may be heat staked or otherwise attached to the lower bousing 1130, The battery
spring contacts connect the two batteries together and to the PCBA. The connection to
the PCBA may be on the underside of the PCBA so that the tabs are compressed by the

PCBA when the PCBA s 1o the lower housing.

0941 A power/pairing switch 1710 is included in this configuration that allows
for mirning on the sensing device using a button {(not shown) that will be attached or
housed in to the upper housing (not shown). It is also possible for the upper housing to be
compressible such that when it is compressed, the switch 1710 is activated, turning on the
sensing device. In this case, the use of the push botton/switch is potentially an alternative
to the battery pull tab discussed above. The sensing device may be configured such that
the push button/switch only turns on the sensing device. Alwernatively, it may be possible
io turn off the sensing device using the push button/switch as well. The push
batton/switch may be used in addition to the battery pull tab. For examuple, it may be
required to first remove the battery pull tab and then to activate the push button/switch in

order 1o activate the sensing device.

j0895] I further configurations, the sensing device may be configured tobe in a
low power sleep mode prior to activation. When the battery is connected to the PCBA,
the sensing device enters the low-power sleep mode. In the low-power sleep mode, the

sensing device may be set up to pertodically monitor the push buiton. When the push
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button is detected, the device would wake up fully and become fully activated. A push
barton may have multple functions. It may wake up the sensor from a low-power shelf
mgde alter insertion of the sensor into the body. It may mnitiate Bivetooth low energy or
other patring with a monitoring or other device. It may initiate data upload after sensor
wear. Uther potential uses are also contemplated by the button depending on the desired
tunction of the sensing device. The button 1s formed in a way that is generally watertight.
In certain aspects the materials of the button itself are selected to create a chemical bond
tor watertightness. For example, thermoplastic polyurethane may be overmolded onto the
upper housing. A flexible, watertight material like this allows for depression of the button

while retaining the watertight seal of the housing

-

[0096] FIG. 13 shows a partially exploded view of the same configuration shown
in FIGs. 11 and 12. The lower housing 1130 houses the PCBA 1320 with the various
electrical components shown in FIG. 12, Upper sensor 1012A and lower sensor 1012B
are configured to be attached to the PCBA at the upper sensor pads 1323 and lower sensor
pads 1324, Locating posts 1326 are connected to the lower housing 1130 or the PCBA
1320 and are placed to locate the sensors in the correct position with respect to the sensor
pads. Elastomeric connector 1350 pushes the sensors onto the PCBA and may similarty
contain openings for the locating posts 1326, The locating posts may be formed in an
asynunetric manner, so that the sensors can only be placed in one manger, error-procfing
sensor placement. The locating posts may be formed on the lower housing and go

through holes in the PCBA, or they may be built into or onto the PCBA itself.

j0097] FlGs. 14A-14C show a more detailed view of the dual sensor configuration
of FIG. 13, In the configuration shown, the lower sensor 1012B includes contact pads
{(not shown} on its bottom, which are compressed against the PCB A sensor pads. FIG.
14A shows only the fower sensor on the PCBA. Upper sensor 10124 is shown in FIG.
148 with its contact pads 1121 A adjacent to PCBA contact pads 1323, In FIG. 14C, the
elastomeric connector 1350 has been compressed against the PCBA by the apper shell.
‘The elastomeric commector 1350 connects the upper sensor pads to the PCBA contact pads
and compresses the lower sensor pads against the PCBA contact pads. In certain
configurations. the elastomeric connector includes integral insulation layers 1351 on its

sides. By creating this tvpe of direct, touch connection between the sensor contact pads
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and the PCBA contact pads, it is possible to create a sensing device with a single housing,

thus creating all the benefits of such a device that are discussed herein.

{0098] The sensor elastomeric connector/pad 1354, also shown in FIG. 31 as
reforence nomber 350, includes alternating conductive layers 357 and non-conductive
layers 358 (see FIG. 31) along ita length, such that the clastomeric connector is
conductive along its width and height but not along its length. Elastomeric connectors
such as elastomeric connector 350 or 1350 are sometimes known as Zebra connectors.
When placed on top of the lower sensor 1612B, the elastomeric connector applies
pressure through the upper sensor 112A to the lower sensor 10128, connecting the lower
sensor pads direcily to the PCBA sensor pads. The sensor polyomide or other flexible
wsulative material insnlates the lower sensor pad from the upper PCBA sensor pad. The
elastomeric connector connects the upper sensor pad o the upper PCBA sensor pad, and
the sensor polyimide (or other flexible insulative material) isolates the lower sensor pad
from both the upper sensor pad and the upper PCBA sensor pad. Mounting holes 351 (see
FIG. 31) are provided for mounting the elastomeric connector on the locating posts on the

PCBA.

F0099] The electrical contacts of the lower sensor face the contact pads on the
PCBA, and the elastomeric connector/pad, presses the electrical contacts on the sensor
into touching connection with corresponding contact pads on the PCBA to maintain the
electrical connection. The electrical contacts on the upper sensor face away from the
PCRA, the PCBA having contact pads displaced 1o the side of the sensor, and the
clastomeric connector/pad containing conductive strips positioned to connect electrically
the contact pads of the PCBA to respective electrical contacts of the sensor to maintain

the electrical sensor.

{0100] The sersors may be sandwiched between gaskets (o form a watertight seal.
As shown in FIG. 15, gaskets 1015, 1016 surround the upper sensor 1012A and 1012B
near the opening 1132 in the lower housing that allows the sensors to exit the housing for
msertion into the body of a patient. The gaskets may be made out of thermoplastic
polyurethane, for example, and may be overmolded onto the upper housing and the lower
housing. In configurationg, the sensor legs 1013A and 10138 that extend through the

lower housing sensor opening 1132 are staggered to avoid a double layer of sensors
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(which may be made trom polyimide) at the seal location. By staggering the sensors in
this way, the gaskets can achieve a fighter configuration, decreasing likelihood of any
feakage. The sensors ean be clamped down near the lower housing sensor opening 1132
to prevent pull ups. In certain configurations this lower housing sensor opening is shaped
t0 accommeodate various needle profiles so that different imsertion tools may be used when

mserting the sensor into a patient’s body.

10101 The formation of the gaskets is shown in more detail in FIGS. 16A and
16B. Lower gasket 1016 is formed in lower housing 1130, and upper gasker 1015 is
{ormed in upper housing 1126, The sensor gaskets may be overmolded onto the housings

and are surrounded by shutoft surfaces 1018,

[0102] The sersors 124 and 12B may comprise two strips of insulative sheet
material, each having on its surface elongate conductive elements leading from the distal
end to the contacts at the proximal end, wherein the sirips are arranged back-to-back such
that the contacts on one strip face towards the PCBA and the contacis on the other strip
face away from the PCBA. The sensors may extend from the bousing/case via an opening
w the lower housing and lower major wall, there being a seal separating the opening from
an infernal cavity of the case housing of the PCBA, said seal being held in compression
between the upper and lower bousings, wherein the back-to-back strips separate {o a side-

by-side relationship where they pass through the seal.

[0103] By reducing the components of the sensing device to a single housing, as
opposed to earlier models where the sensor base is separate from the sensor
electronics/transmitier, it is possible to greatly reduce the on-body device size. For
example, FIGs. 10A and 10B show a comparison of an earlier, two-picce model 1004
with a model 100 according to an embodiment. As can be seen, from both the top view
FIG. 10A and side view FIG. 10B, the integrated sensing device greatly reduces size iy all
directions. It is thinner, and has substantially less volume. For example, the presently
disclosed device according to one or more embodiments may be about the thickness of
two stacked nickels, which is about 4 mm, or even thinner (e.g., about 3 mm) and is about
50% thinner and about 50% less in volume than current multi-part sensor sets. By

redueing the on-body device size, user comtort is greatly increased.
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[0104] I ancther aspect, a very simple sensor is provided. As shown in FIGS.
17-19, an adhesive bandage type configuration may be used, where the entire sensing
device has a smaller footprint than a standard size adhesive bandage, for example less
than 3 inches by I inch. This configuration may include a housing shape that is generally
rectangular, where the shorter sides are semucircular and the long sides are parallel,
straight sides, the body being of uniform height. In other aspects, the bousing shape may
be of any appropriate shape for wearing or use by a user, for example circular, square,
polygon, etc. The configuration shown has a simplified set of components. In this
configuration, a flexible or rigid/flex printed circuit board (PCBA) 2320 may be used so
that it may flex with a flexible housing 2020 with interior walls (for example, an upper
and lower wall} and adhesive paich 2200. The lower major wall is disposed on top of the
adhesive patch, and the upper major wall is above the lower major wall, similar to other
sensor configurations shown herein. Hxample materials for the tlexible housing include
silicone and polyurethane, but other suitable materials may be uscd. In alternate
configurations, the PCBA and or the housing may be rigid, although the flexibility of
these components nay lend themselves to increased comfort by the user. A sensor 2012
is attached to the PCBA 2320 and its end extends through the PCBA into the user’s body.
A molded support 2325 is provided to support needle insertion and to capture and hold the
sensor. A battery 2300 is held in place by battery clip 2302. Alternately, the battery may
be affixed to the PCBA or contained in the housing 2020 in other manners described
herein. FIG. 19 shows a side profile of the configuration shown in FIGs. 17 and 18, with
a necdle insertion tool 2400, including a needie 2410 artached for insertion of the sensor
into the body of a user. This small size sensing device allows for added comfort for a

gser, along with reduced profile under clothing.

[0105] The stmplification of the number of components and their configuration
within the housing allows for the reduced size of the sensor, which allews for increased
comfort to the user. The mwolded support 2325 supports the needle and, when centered in

the housing, aliows the sensing device to maintain flexibility along its longer axis.

[0106] The molded support may be a T-shaped support with a cross arm extending
transverscly across the housing/case. The T-shape of the molded sepport 2325 allows for

stability of the flexible sensing device while holding the sensor 2012 securely in place.
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The first end of the housing has the battery and battery clip, with a central section having
the molded support. The molded support includes a stem that extends towards the second
end of the housing, where it holds the end of sensor with the sensor contact pads. The
stern has a guide channel for the sensor from the opening in the lower major wall. The T-
shaped support may extend from the lower major wall to the upper major wall at the
miersection of the cross arm and stemn. Addiftonal components may be housed inside the
housing near the second end of the housing. Sensor electronics (not shown), for example,
naybe housed in the second end of the housing, including electronics to determine
whether the sensor is sensing an analyte level that is above, below, or within a desired
range. Lights (not shown) such as LED lights may be included in the exterior of the
heusing, and may be used to indicate analyte levels. As an alternative, the housing may
be at least partially translucent with lights inside the housing. The lights can be seen
through the at least partially transhucent housing to indicate glucose levels. Other
mndicators of analyte levels that are out of the normal range may be used. For cxampie,
the sensing device may be configured to vibrate and/or sound an audible alert when the

analyte level is outside of a normal range.

{0107] The sensing device 10 disclosed herein according to one or more
embodiments may be placed onto a user tsing a disposable tnsertion tool. Insertion tools
that interact with the presently disclosed sensing device can work similarly to previously
disclosed insertion tools, for example as disclosed in U.S. Patent Nos. 5,851,197,
6,093,172, and 6,293,925, o particular, it is
possible to provide an insertion tool that is shaped to bold the sensing device disclosed
herein, pre-loaded with a sensing device. As shown in FIG. 20, the msertion tool 500
includes a sensor holder 510, which is configured to hold the sensing device ungil it is
placed onto a user’s skin, with its sensor inserted into the skin. The insertion tool 300
also includes a retractable push button 520. When a user wishes to place the sensing
device onto the skin, with sensor inserted and ready for use, the user places the disposable
insertion tool 300 with preloaded sensing device onto the skin. The push button 520 s
depressed fully so that the internal needle (not shown) inserts the sensor into the skin of
the user. The needle is then automatically retracted when the push button 520 is released.
o various emboduments, the sensing device remains on the user’s skin adbered to the skin

by use of an adhesive patch, with the sensor inside the user’s body. The battery pull tab
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may then be removed to initiate the sensing device. The insertion tool 500 with its needle
mside can then be disposed of. After the sensing device is placed and the battery pull tab
is removed, a wirelsss eransmiter inside of the sensing device begins pairing 10 an
infusion pump, glucose monitor or other receiver. Examples of infosion pumps and
glucose monttors that interact with wireless receivers are shown, for example, in U.S.

Patent Nos. 7,942,344, 8,073,008; and 8,344,847,

{0108] A configuration of an insertion tool is shown in FI(Gs. 23A-23D. The
msertion tool 150 includes an external lock collar 1510, which is configured to house the
components of the insertion toel. 'The push type plunger 1520 s housed in the lock collar
1510, The tnsertion tool 1500 holds the sensing device until it is placed onto a uscet’s
skin. When a user wishes to place the sensing device onto the skin, with sensor inserted
and ready for use, the user places the disposable insertion tool 1500 with preloaded
sensing device onto the skin. The plunger 1520 is depressed fully so that the internal
needle (not shown) insexts the sensor through the skin of the user. The needle is then
auromatically retracted when the plunger 1320 is released. This leaves the sensing device
adhered to the skin with the sensor inside the user’s body. The adhesion may be provided

by use of an adhesive patch.

[010Y] The insertion tool 13500 further includes a visual indicator of
lockedfuntocked status. For example, an arrow 1512, which extends slightly out of the
surface of the plunger 1520, is shown in the configuration in FIG. 23A. The arrow 1512
may alternatively be another shape that allows for visual indication of locked/anlocked
status. A cutout 1513 is made in the external lock collar. In the configuration shown in
FIG. 23A, when the atrow 1512 is not lined up with the cutout 1513, the insertion toel is

focked, preventing the plunger 1320 from being depressed.

[0110]) A cover 1580 covers the bottom of the insertion tool such that & sensing
device inside the insertion tool, as well as any internal components, are covered before
use of the insertion wol. The cover also prevents the user from being able to unlock and
fire the insertion tool until after the cover is removed. The cover adheres to both the
frame and 1o the lock collar, effectively artaching (e.g., gluing) the lock collar in place so

that it cannot be rotated. With the cover in place, any adhesive parch on the sensing
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device will not need an additional liner to cover the adhesive. When the cover 1580 is

remaved, the adhesive patch s ready fo be attached to the skin of the patient.

{0111] I FIG. 23B, the cover has been removed, and the plunger 1520 has been
tarned so that the arrow 1512 Hnes up with the catont 1513, At this point, the insertion
tool has been unlocked, soch that the plunger 1520 may be depressed. The insertion tool
1500 containing a sensing device can then be placed on the skin 800 of a user, as shown
in FIG. 23C. The plunger 1520 is depressed, whereby the arrow 1512 fits info the cutout
1513, and the inserticn needle (not shown) inserts the sensor (not shown} through the skin
of the user. Unce the sensor is properly inserted into the user, the sensing device 100 can
be released from the nsertion tool 1500, as shown in FIG. 231, The needle and other

components are retracted nto the insertion tool for safety.

[0112] The internal structure of the insertion tool 1500 can be seen in FIG. 26,
which shows the tool in its pre-fired and pre-cocked state. This state corresponds to FIG.
238 described above. The plunger 1520 comprises a push button head 1522 with a flat top
1521 and a eylindrical side wall 1523. The side wall 1523 can have a shallow taper to
make it easier to manufacture. The side wall merges via a shoulder 1524 to a wider
diameter dependent skirt portion 1525, This skirt portion carries on s outer surface the
arrow 1512 described with reference to FIGS. 23A-2310. The inner surface of the
cylindrical side wall 1323 of the push button head 1522 bas a carn surface sloping radially
imwardly with increasing height inside the push button head 1522, Dependent from the flat
top 1521 and co-axial are an inner ¢ylindrical wall 1327 and an outer cylindrical wall
1528, The dependent skirt portion passes into an annular gap formed between an inner
cylindrical surface of fock collar 1510 and an outer cylindrical surface of an inverted cup-

shaped frame 1516

[0113] An expanded view of the insertion too} 1500 of FIG. 26 is shown in FIG.
24. The plunger 1520 is shown with arrow 1512, An insertion spring 1530 which is
contained in another gap formed between the outer eylindrical wall 1528 and the side wall
1523 of the plunger push button head 1522 compresses when the phunger 1520 is
depressed storing energy for the firing of the tool 1508, A needle hub carrier 154{ is
adapred w carry the needle hub (not showny, which holds the insertion needle uged

insert the sensor of the sensing device into a patient. A retraction spring 1550 is included
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tor retracting the needle hub into the body of the insettion tool after insertion of the
sensor. The frame 1516 supports the various components and provides contact with the
patient’s skin during use. The lock collar 1510 is shown in 2 parts and fits around the
frame 1516. An O-ring 1560 seals between the frame 1516 and an inner surface of the
plunger skt portion 1525, A striker 1570, which acts as a sensing device holder and 1s
adapted to hold a sensing device, fits into the frame 1516. The striker has locking
stractures for engaging both the frame 1516 and the needle hub carrier 1540, The cover

1580 covers the bottom of the insertion tool before use.

f0114] The insertion tool may include an unlocking mechanism to prevent the
msertion fool from fiving during storage. As discussed above, with respect to FiGs. Z3A-
23D, the insertion tool may include a visual indicator of locked/unlocked status. When
the visual indicators line up, it will indicate that the insertion tool is untocked. FIG. 25
shows a cutaway of the insertion tool showing tabs 1518 which can line up with recesses
1519 to unlock the insertion tool. Otherwise, they are blocked by shelf 1517 such that the
insertion tool is locked and cannot fire. In the illustrated arrangement radially outwardly
extending tabs 15318 on the plunger 1520 prevent it from being moved axially with respect
to the lock collar 1510 unless the tabs 1518 align with recesses in the lock collar 1510, Ik
is also possible for the tabs to be on the lock collar and the recesses on the plunger. This

helps prevent accidental firing in storage due to vough handling.

[0115] As shown in FIG. 26, the nesdle hub 1590 is cotained inside the needle
hub carrier 1540, In another configuration, the needie hub and needle carrier may be
together in one picce. Before inscrtion, the plunger 1520 is in an extended position and
the needle 410 is held inside the insertion tool, as is the sensor 100. The sensor is held
within a cavity in the underside of the striker 1570. The striker itself has two upstanding
co-axial cylindrical walls. The inner wall has hooks on its upper rim which has outwardly
{acing barbs 1375 which engage holes in an upstanding holding structure on the frame.
This locks the striker to the frame, preventing axial movement of the striker 1570, As the
plunger 1520 15 depressed, it comprasses the insertion spring 1530 priming/cocking 1t
ready for firing. At the end of 1ts travel the cam surfaces 1526 on the inner walls of the
plunger engage the barba 1575 on the striker owter upstanding wall 1574, unhooking them

from their corresponding holes in the upstanding holding structure on the frame. The
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striker 1570 then is free to travel downwards propelled by the newly cocked spring. It
carries with it the sensor 100, needle 410, needle hub 1590 and carner 1540, Vents in the
striker stiow air 1o exchange across the striker surface during travel. The mterior of the
insertion tool is shaped to guide straight insertion of the needle into the body of the user.
Gurdance of the travel of the striker 1570 1s provided by the 1nner upstanding wall 1572
on the striker. As well as inwardly facing hooks which retain the needle hub carrier 1340,
this wall has a smooth outer surface which runs against the outer dependent co-axial

cylindrical wall 1528 within the plunger push button head 1522.

j0116] To fire the tool the user places the tool on the skin with the lower rim of
the frame 1516 against the skin, then with the angular ortentation correct, the user presses
on the plunger 1520 holding it by the push button head 1522. The plunger 1520 moves
downwards. As the striker 1570 is locked to the frame via the batbs 1575 engaging holes
in the upstanding portion of the frame, it remains stationary, at least initially. The
downward movement of the plunger, however compresses the spring 1530, Prior to this
movement the spring can be in arelaxed state. The downward movement of the plunger
continues until the cam 1326 on the inner wall of the push button head 1523 of the
plunger press against the barbs 1575 on the striker 1570. The plunger has now reached its
firing position, and further downward force untocks the barbs from the holes in the frame
1516 allowing the striker to ravel downwards under the force of the spring 1530, As the
force applied to the plunger during the cocking and firing operation is applied with the
ool against the skin this force also holds the weol in place. As it incluades the foree to
release the lock the force to fire the insertion tool is greater than the force exerted by the
imsertion spring 1530 against the insertion site at the end of insertion. The firing
mechanism guarantees that the insertion tool is held against the insertion site with enough
force to fully insert the needle 410 and adhere the patch of the sensing device 100 to the
skin. The sensor base sits below the bottom of the striker 1570, which travels beyond the
mouth of the frame 1516, as shown in FIG. 27. The insertion spring load is distributed
primarily over the sensor base bottom surface. The needle retraction mechanism actuates
automatically as the user lifts the insertion tool from the insertion site. This occurs
because, when the striker is at its extended position at the mouth of the frame any upward
movement of the plunger causes the upstanding wall 1572 on the steiker to escape the

confines of the outer dependent cylindrical wall 1528 of the plunger. As soon as that
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happens the hooks on the striker release the needle carrier 1540, causing the needle to be
pulled out of the sensor 100, This procedure is aided by the insertion spring 1530 which
puashes the plunger 1520 back owards 1o its original position. The plunger travel releases
the needle hub 1590, triggering retraction of the needle 410. The mechanism guarantees
that full insertion occurs at the msertion site, along with the retraction sequence. The
msertion tool cannot retract the needle until after insertion, and the user cannot remove
the insertion tool from the site without actuating the needle retraction. FIG. 28 shows a
cutaway of the insertion tool after the needle hub 1590 has been retracted back into the

insertion tool

{0117] As further shown in FI{G. 29, as the needle hub retracts, cams (not shewn)
on the plunger rofate the needle hub, for example by about 60 degrees. The retraction
spring 1550 keeps the needle hub carrier 1540 held against the plunger 1520, in the
rotated position. In the rotated position, guide rails on the bottom of the needle hub
carrier 15340 interfere with the top of the striker 1570 preventing the needle carrier from
descending into the siriker 1570 even if a user presses again on the plunger. The needie
hub carrier 1540 can even effectively become a wedge between the plunger 1520 and the
striker 1370, preventing the user from depressing the plunger and striker at the same time,
which would re-expose the needle tip. The wser is also prevented from cocking and firing
the insertion tool again, which could break the insertion tool and gject the needle.
Because the insertion tool automatically retracts the needle hub into its interior, this
embodiment reduces the number of steps from prior art iusertion tools, which generally

require that the vser manually retract the needle into the insertion tool after use.

[0118] The sersor may be released from the insertion tool through a sensor release
mechanism shown in FIGs. 304, 30B, and 30C. FIG. 30A shows a frame 1560 from
helow and hy itself. The frame includes four frame ribs 1565 on i1s inner surface,
extending toward the bottom of the frame. F1G. 308 shows the frame 1560 from below,
with the strileer 1590 sitting inside the frame. In the configuration shown, before the
msertion tool 15 used, the sensor 100 1s held inside the stiker 1590 by snap arms 1595 at
four corners. The four frame ribs 1565 fit between the four snap arms 1585 and the side
walls 1597 of the striker 1590, When the striker is in this pre-firing position, the frame

ribs 1565 on the frame 1560 effectively shorten the snap arm length, increasing the force
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required to deflect them and locking the sensor 100 in place. Thus, the sensor will not
dislodge from the striker if the insertion tool is dropped onto a hard surface before use.
Adfter the inserton tool has been fired, as shown in FIG. 300, the frame ribs (not shown)
on the frame 1560 cannot reach the striker and thus no longer interfere with the snap arms
1595, decreasing the deflection force. In this configuration, the snap arms 1595 can flex
ajong their entire length. This greatly reduces the force required to pull the sensor out of
the striker, allowing the sensor to automatically release when the insertion tool is lifted
away from the site and making it more comfortable on the skin when the insertion tool is

fifted away from the site.

10119} When the sensing device is nearing its end of life, if may give a warming o
wdicate that it is nearly time to replace it. For example, an audio alarm, vibration, ete.

n1ay be given as a warning. The user can then remove the current sensing device, insett a
new sensing device, begin its start up, and pair it to a pump or other receiver. When the
new sensor start up is complete, the readings will begin from the new sensor, disabling the
old sensor and signalting the user o remove the old sensor. In various embodiments, the
user will insert a new sensor prior o the old sensor, allowing continsous monitoring of
the sensed analyte. However, it is possible to remove the old sensor prior to inserting a

new one, which would result in some missed time sensing the analyte.

[0120] Among the advantages of the presently disclosed sensing device according
to various embodiments, is the ability to reduce downtime between sensors. Currently,
when using reusable sensor electronics, the user disconnects the sensor electronics from
the disposable sensor, places a new sensor into the body, and reconnects the sensor
electronics. Only when the sensor electronics are connected to the new sensor can

monitoring begin. In addition, sensing and therapy st be stopped to recharge the sensor

elecoromics. With an integrated device, the user no longer needs to recharge the
wansmitter, 50 no time is lost for recharging. Also, the new seusor may be initialized
while the old sensor is still reading and transmitting. 1t is estimated that using the
mtegrated sensor can eliminate at least 60 minutes of charge time and 9 minutes of start

up time.

j0121] Integrating rhe wransmitter and the sensor eliminates several steps from

starting a sensor. It eliminates transmitier recharging, ransmittey connection and

34



disconnection to the sensor and transmitter cleaning, which is necessary when using a
fong-term sensor electronics/transmitter device. The integration of the transmitter and
sensor further eliminates the need for a wansmitter charger and the need for a

test/charging plug, which is used to connect to reusable sensor electronics/transmitters

durning cleaning (when the sensor electronics are separated from the sensor).

i122] The integration of the transmitter and the sensor further reduces risk to the
user from tryving continuous glucose monitoring. With an integrated, disposable system,
there is no need for a prospective user to buy an expensive start up kit (ransmitier,
charger, insertion tool, and cleaning plug) before trying the sensor. This greatly lowers
the risk of wying continuous glucose monitoring for the first time, or of switching among
different competitors’ contineous glucose montoring systems. In addition, it reduces the

number of components necessary to carry around with an analyie monitoring device.

{0123] Another advantage of integrating the transmitter and the sensor is the
climination of mismatching of sensors and transmitters. With separate sensor
clectronics/transmitter and sensors, there is danger of mismatching the sensors and
transmitters, which can result in incorrect readings. Currently, mechanical tockouts are
used to ensure that transmitters cannot be connected to incompatible sensors, With a
disposable, integrated device, it is no fonger possible to pair incompatible sensors to
wansmitters. Without the concern of incompatible devices, it is possible to release

updated sensors more easily and more frequently.

0124} ‘While the sensing device of the present disclosure according to one or
more embodiments is not reusable, it is potentially recyclable in that the unit conld be sent

hack to the manufactarer for reprocessing and reuse of any number of components.

{0125] The sensing device described herein transmits data to a separate monitor,
which may be of the type suitable for determining ghicose levels in the body and/or body
fluids of the user and may be used in conjunction with automated or semi-automated
medication infusion pumps of the external or implantable types as described in 1.8, Pat.
Nos. 4,562,751, 4,678 408, 4,685,903, and 4,573,994 |

to deliver insulin to a diabetic patient. However, it will be recognized that the

mitegrated sensot/transimitier or sensing device according to one or more embodiments
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mey be used in arrangements to determine the levels o

compositions, such as hormones, cholesterol, medicat

saturation, viral loads (e g, HIV), or the like. The sen

capability o be programmed or calibrated using data r

may be calibrated at the monitor device. The SERSING b v iuv w0 pruin iy woupen sus wow
w subcutaneous human tissue. However, it may be placed in other types of tissue, such as
wwscle, fymph, organ tissae, veins, arteries or the like, and be vsed in animal tissue. It
will be understood that the term “patient™ can be broadly construed to encompass humans
and other animals, and that the term “blood” encompasses patient blood and other
exiracelular patient fluids. Embodiments may provide sensor readings on an intermiitent

or continuous basis.

10126] According to one or more embodiments, the sensing device described
herein uses an electrode-type sensor. However, the sensing device may use other types of
sensors, such as cheroical based, optical based or the like. [t should be noted that in
various embodiments, sensors can be electrochernical sensors or optical sensors including
flucrescent sensors. Examyples of optical sensors are described in U5, Patent No.
611,984, LS. Patent No. 7,228,159, U5, Patent No. 7,751,863, U S. Patent No.
8,467,843, and U.5. Patent No. 6,399,076,

Tarthermore, in various embodiments, the sensors may be of a type that is used on the
external surface of the skin or placed below the skin layer or the user. Certain surface

moeunted sensors conld wilize the interstivial fluid harvested from underneath the skin.

{01271 The sensing device described hercin according to one or more
embodiments may be used in conjunction with other continuous analyte (e.g., ghucose)
monitoring systems. One system that can be used in conjunction with the sensing device
described herein according 1o various embodiments, other continuous monitoring sysems
of more infermittent monitoring systemns {such as finger stick blood glucose tests) oron s
own is a simple continuous analyte monitoring device with visaal indicators. Visual

mdicators are useful for behavier modification of pre and type 2 type diabetic patients.

10128] A simple continuous glucose monitoring (CGM) device is provided with
only visual indicators for behavior modificarion of pre and type 2 disbetic patienis. This

simple device allows for monitoring of blood glucose without the need for a handheld
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reader or other communication device such as a smartphone, tablet, or other such device.
In other configurations, data obtained by the sirnple CGM device can be stored and

downloaded to another device such as a smariphone, tablet, or the like,

{0129] FIG. 21 shows one embodiment of a visual analyte sensor 600. In this
embodiment, the visual analyte sensor 600 includes an adbesive patch 620 to adhere the
sensor to the skin. The sensor housing 610 includes one or more indicators tneluding one
or more visual indicators such as LED lights 640. In various configurations, the visual
indicators may be of any shape, size or color, and may be any appropriate display such as
the LED lights 640, LCDs, OLEDs, fluorescent lights, E-ink displays, or the like. In
some configuraiions, numerous indicators such as lights or LEDs can make up arow or
ring (or any other appropriate shape) of lights or LEDs to indicate a sliding scale. Fox
example. the sliding scale may indicate the glucose level. In an example where the lights
or LEDs make up a bar, a green light may be at the center of the bar, and as the glucose
level shifts up or down, the LED lights away from the center LED and may change into

other colors.

{130] In one configuration, the LED lights may be capable of multiple colors that
change when a normal blood glucose range changes o a high blood glucose range. For
example, a green color could indicate a norreal blood glucose range and a red color could
indicate a high blood glucose range. The lights may be configured such that quick blinks
indicate a fast rise or fall of glucose trends. For example, quick blinking red could
indicate a fast drop int glucose, and guick blinking green could indicate 3 fast rise in
glucose. LED colors could include various colors to indicate points in a range from
hyperglycemic te hypoglyeemic level. For example, red could indicate hypoglycemia and
yellow could indicate hyperglvcemia. Blinking lights, and the rate of the blink could
siginify particular glucose levels. For examyple, fast blinking lights conld indicate high
levels of blood glucose and slow blinking lights could indicate low levels of blood
glicose. In addition, blinking or steady lights could describe a status of the sensor
readiness or reliability. Numercous LEDS can make up a row or ring (or any other
appropriate shape) of LEDs o indicate a shiding scale. This sliding scale could show
where the glucose level is. Colors could be used in such a sliding scale. For example, in

one configuration, where the lights or LEDs make up a bar, a green light may be at the
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center of the bar, and as the glucose level shifts up or down, the LED lights away from the
center one and may change into other colors such as yellow for nearing high/low levels

and red forreaching high/low levels.

[0131] In & different arrangement, lights conld be used to indicate the percent time
in a target (i.e., normal) blood glucose range. One example of this is shown in FIG. 22.

A visual anaiyte sensor 700 is on an adhesive patch 720. A central light 730 may be used
to indicate whether the blood glucose level is within normal or high levels. A series of
lights 740 may indicate what percentage of the time the sensor was worn that the blood
glucose was within normal range. For example, the lights shown in FIG. 22 could
mdicate 50%, 60%, 70%, 80%, and >90%. Other usetul sets of mumbers or configurations
could be used. The partial circle shown in FIG. 22 has some usefulness in that it is easy
to view, at a quick glance, how well the usei’s bloed glucose levels have been doing.
However, this configuration is not intended to limit other potential arrangements (full

circle, square, other array, etc.).

[0132] In various configurations the visual analyte sensor can include an alarm
such as an audio alarm, vibration, etc. to indicate that an abnormal blood glucose level

(not in target) is being approached or that it has been reached.

f0133] The visual analyte sensor according to an embodiment includes a
minimally invasive sensor, such as one with microneedles to minimize pain. Examples of
using microneedles to sense hlood analytes can he found, for example in PCT Application
No. PCT/US1999/029925, WO2000035530.

Alternatively, a needle inserted sensor, such as the one described herein or known in the

art can be used.

[0134] In one or more embodiments, the entire visual analyte sensor is flexible
and can conform to the skin. To achieve this flexibility, the sensor housing may be made
out of a flexible material such as silicone or polyurethane. Other flexible materials that
can successfully house and protect the electronics of the sensing device may also be used.
Some exampies include siticon, fabric, plastic (e.g., polycarbonate or ABS), or other
flexible polymers. In further embodiments, the circuit board for the electronic

components of the sensing device is also flexible.
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[00135] One use of a visual analyte sensor as described could be as a self-screening
device. For example, a self-screening, disposable, calibration-free retrospective CGM
device 1o be sold over-the-counter. This type of device could be used by a patient who is
an undiagnosed pre-diabetic or type 2 diabetic who may have been indicated in an annual
check-up about possible diabetes or may suspect diabetes themselves based on symptomis.
A patient could buy the sensor, install it on the body and, after a period of time (e.g., 1-7
days}. the visual indicators such as LED lights would indicate whether they might be at
risk for diabetes. It is possible that there could be no indicators during the wear, but that
they would only ocaur at the end of the pre-determined wear time. The patient would
then be directed for further checkup with a doctor. For example, the device shown

FIG. 21 could be used for this type of self-screening device. If the lights are configured o
be red or green (or any other appropriate color), the device could be set up for the lights to
be ved or green at the end of the predesignated time period. Because the device is a one
time, disposable device, patients would sce the value in buving such a device before going

through the hassle of doctor appointments.

[0136] Another use of the visual analyte sensor would be for self-monitoring,
calihration free, real time roonitoring by a device sold over the covnier. In seif-
monitoring, the device would have a real time bloed glucose display. The devices in FIG.
21 and FIG. 22 are sample embodiments of visual analyte sensors that could be used for
self-monitoring. The patient in this case would be a type 2 diabetic who is on a diet and
exercise and/or oral medication regimen. The device would be used for behavior
maodification for improved quality of life through diet and exercise. This may not require
the need to know the exact blood glucose values as the patient is not treating themselves
with insulin or other medication that needs to be carefully balanced. Instead, this patient
requires a device that allows other modifications, such as diet and exercise. In the case of
the device shown in FIG. 22, the device has a foew more lights to show the time in a target
range during the wear life or certain periods of time (such as the last 24 bours). The
motivation for the patient is to rnaximize the percent of time in target values to stay

healthy and reduce long term complications.

[{3137] In farther aspects, indicators as described herein such as the LED

indicators shown in FIGs. 21 and 22 and discussed above, are combined with the other
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sensor configurations discussed herein. For example, either sensor configuration shown
in FIGs. 4-8 or in FIGS. 11-168 could also include indicators including fights such as
LED lights in the housing. The LED lights could be as shown in FIG. 21 or FIG. 22 or in
another configuration desired such that analyte values can be indicated to a user (either

current or over a predetermined amount of time).

f0138] Embodiments herein may be used with various types of monitoring
systems, for example, with a sensor and transmitter product that includes a reusable
wansmitier, as described, for example, in Patent Application Serial No. 15/357 883, filed

on November 21, 2016.

[0139] The foregoing description of specific embodiments reveals the general
natre of the disclosure sufficiently that others can, by applying current knowledge,
readily modify andfor adapt the system and method for various applications without
departing from the general concept. Therefore, such adaptations and modifications are
within the meaning and range of cquivalents of the disclosed embodiments. The
phraseology or terminology employed herein is for the purpose of description and not of

limitation.
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Claims:

1. A medical sensing device for sensing an analyte, the medical sensing device
comprising:

a case having a lower major wall adapted to be mounted against the skin of a patient,
and an upper major wall opposing the lower major wall,;

a sensor extending from the case and having a distal end sensitive to the analyte to
produce an electrical signal, and a proximal end within the case having electrical contacts;

a printed circuit board assembly within the case and supported by the lower major
wall, the printed circuit board assembly comprising contact pads to receive the electrical
signal via the electrical contacts of the sensor; and

an elastomeric pad disposed in the case and sandwiched between the upper major
wall and the proximal end of the sensor, wherein the upper major wall compresses and
biases the elastomeric pad against the proximal end of the sensor so that the proximal end of
the sensor is in contact with the printed circuit board assembly and an electrical connection
between the electrical contacts of the sensor and the contact pads of the printed circuit board

assembly is maintained.

2. A medical sensing device as defined in claim 1, wherein

the electrical contacts of the proximal end of the sensor face the contact pads on the
printed circuit board assembly; and

the elastomeric pad presses the electrical contacts on the sensor against
corresponding contact pads on the printed circuit board assembly to maintain the electrical

connection.

3. A medical sensing as defined in claim 1, wherein

the electrical contacts of the proximal end of the sensor face away from the printed
circuit board assembly;

the contact pads of the printed circuit board assembly are displaced to a side of the

sensor, and
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the elastomeric pad contains conductive strips positioned to connect electrically the
contact pads of the printed circuit board assembly to respective electrical contacts of the

sensor to maintain the electrical connection.

4. A medical sensing device as defined in claim 1, wherein

the electrical contacts of the proximal end of the sensor comprise first electrical
contacts and second electrical contacts;

the first electrical contacts face towards the printed circuit board assembly;

the second electrical contacts face away from the printed circuit board assembly;

the printed circuit board assembly has first contact pads touching the first electrical
contacts, and second contact pads displaced to a side of the sensor;

the elastomeric pad being disposed to press the first electrical contacts against first
contact pads; and

the elastomeric pad further containing conductive strips positioned to connect
electrically the second contact pads of the printed circuit board assembly to the second

electrical contacts.

5. A medical sensing device as defined in either one of claims 3 or 4, wherein the
elastomeric pad has alternating conductive layers and non-conductive layers along its length
such that the elastomeric pad is conductive along its width and height, but not along its

length.

6. A medical sensing device as defined in any one of claims 1 to 5, wherein the sensor
comprises two strips of insulative sheet material each having on its surface elongate
conductive elements leading from the distal end to the electrical contacts at the proximal end
of the sensor, wherein the two strips are arranged back-to-back such that the electrical
contacts on a first one of the two strips face towards the printed circuit board assembly and
the electrical contacts on a second one of the two strips face away from the printed circuit

board assembly.
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7. A medical sensing device as defined in claim 6, wherein the sensor extends from the
case via an opening in the lower major wall, there being a seal separating the opening from
an internal cavity of the case housing of the printed circuit board assembly, said seal being
held in compression between the upper major wall and the lower major wall, wherein the

two strips separate to a side-by-side relationship where they pass through the seal.

8. A medical sensing device as defined in any one of claims 1 to 7, further comprising a
transmitter electrically coupled to the printed circuit board assembly and inside the case,

wherein the transmitter is adapted to transmit analyte readings sensed by the sensor.

9. A medical sensing device as defined in any one of claims 1 to 8, further including a

battery electrically coupled to the printed circuit board assembly and inside the case.

10. A medical sensing device as defined in claim 9, further including a battery pull tab
adapted to break the electrical coupling of the battery from the printed circuit board

assembly.

11. A medical sensing device as defined in claim 10, further comprising battery
connector pads that are shorted together to connect the battery to the printed circuit board
assembly, and a pull tab elastomeric connector biased in a direction to short the battery
connector pads, wherein the battery pull tab is adapted to separate the battery connector pads

from the pull tab elastomeric connector until it is pulled.

12. A medical sensing device as defined in claim 11, wherein the battery connector pads
are on the printed circuit board assembly, wherein the printed circuit board assembly further
comprises a battery pull tab retaining post, wherein the battery pull tab is affixed to the
battery pull tab retaining post.
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13. A medical sensing device as defined in any one of claims 1 to 12, further including a
button in the upper major wall, wherein the button is adapted to activate the medical sensing

device.

14. A medical sensing device as defined in any one of claims 1 to 13, wherein the case
comprises an upper housing including the upper major wall and a lower housing including
the lower major wall, and wherein the upper housing is connected to the lower housing in a

water tight manner.

15. A medical sensing device as defined in claim 14, wherein the upper housing is

ultrasonically welded to the lower housing.

16. A medical sensing device as defined in any one of claims 1 to 15, wherein the

analyte is glucose.

17. A medical sensing device as defined in any one of claims 1 to 16, wherein the case is

less than 1.4 inches by 1 inch by 0.2 inches in size.

18. A medical sensing device for sensing an analyte, the medical sensing device
comprising:

a case having a lower major wall adapted to be mounted against the skin of the
patient, and an upper opposing major wall;

a sensor extending from the case and having a distal end sensitive to the analyte to
produce an electrical signal, and a proximal end within the case having electrical contacts;

a printed circuit board assembly within the case supported by one of the major walls
to receive the electrical signal via the electrical contacts; and

an elastomeric pad disposed in the case and biased by the other major wall to press
the proximal end of the sensor into contact with the printed circuit board assembly and
maintain an electrical connection between the electrical contacts and the printed circuit

board assembly;
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wherein:

the electrical contacts of the proximal end of the sensor comprise first electrical
contacts and second electrical contacts;

the first electrical contacts face towards the printed circuit board assembly;
the second electrical contacts face away from the printed circuit board assembly;

the printed circuit board assembly has first contact pads touching the electrical
contacts facing towards the printed circuit board assembly, and second contact pads
displaced to a side of the sensor;

the elastomeric pad being disposed to press the first electrical contacts against first
contact pads; and

the elastomeric pad further containing conductive strips positioned to connect
electrically the second contact pads of the printed circuit board assembly to the second

electrical contacts.

45

Date Regue/Date Received 2020-10-22



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

200— \ -
12/” 130

FIG. 2

1/27
SUBSTITUTE SHEET (RULE 26)



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

12 NOT T0 SCALE

2/27
SUBSTITUTE SHEET (RULE 26)



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

110 ~ 400

- 122

340

3/27
SUBSTITUTE SHEET (RULE 26)



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

123A

123B

2

4/27
SUBSTITUTE SHEET (RULE 26)



WO 2017/176802 PCT/US2017/026007

5/27
SUBSTITUTE SHEET (RULE 26)



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

U o
o)
300
O 302
o
320
FIG. 8A
322
320

FIG. 8B

6/27
SUBSTITUTE SHEET (RULE 26)



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

300 302

300 302

Ty
Ty,

b

7127
SUBSTITUTE SHEET (RULE 26)



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

FIG 8K

FiG, @

8/27



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

FIG. 10A

FIG. 10B

9/27
SUBSTITUTE SHEET (RULE 26)



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

FiGs 11

10/27



WO 2017/176802

1300

1300

CA 03022007 2018-10-23

PCT/US2017/026007

1350 1320 1701

\
O O\O
| 1705
[ LT
1706 —
1012A 00
10128 |:||:| ]
ST
==
1706 1130
1706 =~ 1702
o O 1703
|
O '.
\
1704 1710
FIG. 12

11/27
SUBSTITUTE SHEET (RULE 26)



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

S § —1350

LS

[~ \
1012B N 1012A

1130

12/27
SUBSTITUTE SHEET (RULE 26)



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

1326 ~
N @)
@, o
FIG. 14A s B N
1012B
1326 1323 ~{
Oo O
1121A—— @ N O 08
FIG. 148 ) 1o
1012A

FIG. 14C

13/27
SUBSTITUTE SHEET (RULE 26)



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

1015, 1016

FIG. 15

14/27
SUBSTITUTE SHEET (RULE 26)



WO 2017/176802 PCT/US2017/026007

1130

FIG. 16A

1120

FIG. 16B

15/27
SUBSTITUTE SHEET (RULE 26)



PCT/US2017/026007

WO 2017/176802

2012

FIG. 17

e}
[wew]
o~
(o]

FIG. 18

16/27



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

2400

e )

. //%

7

> 0
m\m\\\& R S

2410

FIG. 19

17/27
SUBSTITUTE SHEET (RULE 26)



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

640

FIG. 21

18/27
SUBSTITUTE SHEET (RULE 26)



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

>90%
80%
70%

60%
<50%

FIG. 22

19/27
SUBSTITUTE SHEET (RULE 26)



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

FIG. 234 Fi 238

f5En
1609 i
£512. -
EEN T e
?g,;&f Em 55?2?
¥IG, 23C FIG. 23D

R TRAG
o

2 .y O .

o i S

o

20/27



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

21727
SUBSTITUTE SHEET (RULE 26)



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

FiG. 25

22/27




CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

FI1G. 27

3

N
S
X
3
R

3
X

A A s

TR Kt

Fis. 28

s
y
H

AR AR

e T

1o R

A

23/27



CA 03022007 2018-10-23

WO 2017/176802 PCT/US2017/026007

24/27
SUBSTITUTE SHEET (RULE 26)



WO 2017/176802 PCT/US2017/026007

Fg.308 %

25727
SHEET (RULE 26)



WO 2017/176802 PCT/US2017/026007

FIG. 30C

26/27
SUBSTITUTE SHEET (RULE 26)



PCT/US2017/026007

WO 2017/176802

FIG. 31

27127



340




	Page 1 - COVER_PAGE
	Page 2 - COVER_PAGE
	Page 3 - ABSTRACT
	Page 4 - ABSTRACT
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - CLAIMS
	Page 46 - CLAIMS
	Page 47 - CLAIMS
	Page 48 - CLAIMS
	Page 49 - CLAIMS
	Page 50 - DRAWINGS
	Page 51 - DRAWINGS
	Page 52 - DRAWINGS
	Page 53 - DRAWINGS
	Page 54 - DRAWINGS
	Page 55 - DRAWINGS
	Page 56 - DRAWINGS
	Page 57 - DRAWINGS
	Page 58 - DRAWINGS
	Page 59 - DRAWINGS
	Page 60 - DRAWINGS
	Page 61 - DRAWINGS
	Page 62 - DRAWINGS
	Page 63 - DRAWINGS
	Page 64 - DRAWINGS
	Page 65 - DRAWINGS
	Page 66 - DRAWINGS
	Page 67 - DRAWINGS
	Page 68 - DRAWINGS
	Page 69 - DRAWINGS
	Page 70 - DRAWINGS
	Page 71 - DRAWINGS
	Page 72 - DRAWINGS
	Page 73 - DRAWINGS
	Page 74 - DRAWINGS
	Page 75 - DRAWINGS
	Page 76 - DRAWINGS
	Page 77 - REPRESENTATIVE_DRAWING

