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(57) Abstract: A medical sensing device (100) for sensing an analyte comprises: a case

(110) having a lower major wall adapted to be mounted against the skin of the patient, and
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
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CROSS-REFERENCE TO RELATED APPLICATIONS

0061 The present disclosure claims priogity to and the benefit of ULS.
Provisional Patent Application Serial No. 62/320,290 filed on April 8, 2016, U.S.
Provisional Application Serial No. 62/344,847 filed on June 2, 2016, U.S. Provisional
Patent Application Serial No. 62/344.852 filed on June 2, 2016, U.5. Provisional Patent
Application Serial No. 62/402,676 filed on September 30, 2016, U.S. Provisional Patent
Application Serial No. 62/460,710 filed on February 17, 2017, U.S. Nen Provisional
Patent Application Serial No. 15/357,885 filed on November 21, 2016, U.8. Non
Provisional Patent Application Serial No. 15/357,925 filed on November 21, 2016, U.S.
MNon Provisional Patent Application Serial No. 15/357,952, filed on November 21, 2016,
U.8. Nou Provisional Patent Application Serial NMo. 15/478,092, filed on Apnil 3, 2017,
1.8, Non Provisional Patent Application Serial Ne. 15/478,110, filed on April 3, 2017,
and U.5. Non Provisional Patent Application Serial No. 15/478,126, filed on April 3,

2017, the contents of which are incorporated herein by reference in their entirety.

BACKGROUND OF THE DISCLOSURE

Ficld of the Disclosuie

[0002] The present disclosure generally relates to a sensor for monitoring a body
characteristic of the body, such as glucose. More particularly, the present disclosure
relates to a single device including a sensor, transmitter and inserter. The present
disclosure forther relates to a simple to use continuous glucose monitoring device with

visual indicators.

Description of the Related Art

[003] In recent years, a variety of electrochermical sensors have been developed
for a range of applications, including medical applications for detecting and/or

gquantifying specific agents in a patient’s blood and other body fluids. As one exampie,
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glucose sensors have been developed for use in obtaining an indication of blood glucoss
levels in a disbetic patient. Such readings can he especially useful in monttoring and/or
adjusting a greatment regimen which typically includes regular adrinistration of insulin to
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
monitoring of their blood sugar on a regular basis. However, it is very tmaportant 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 flexible electrochemical sensors have been developed
tor subcutaneous placement of sensor electrodes in direct contact with patient blood or
other extracellular fluid, wherein such sensors can be used to obtain periodic readings
over an exiended period of time. In one form, flexible transcutaneous sensors are
constructed in accordance with thin film mask techniques wherein an elongated sensor
includes thin film conductive elements encased between flexible insulative layers of
polyimide sheet or similar material. Such thin film sensors typically include 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
ditficult to place wranscutaneously with the sensor elecirodes in direct contact with patient
blood or other body fluid. Improved thin film sensors and related inscrtion sets are
described in commonly assigned U.S. Pat. Nos. 5,390,671; 5,391,250, 5,482,473;
5,299.571; 5,586,533, 5,368,806, and 7,602,310 which are incorporated by reference

herein.

[0006] Currenily, glucose sensor sets exist that include three components: a

disposable sensor with its mounting base, a durable, rechargeable transmitting 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 must passe any confinuous glucose moniforing to recharge the ransmitting device
during sensor replacement. The insettion process is often long and complex. After
msertion, the transmitting device must be connected to the sensor, often on hard to reach
insertion sites. After comnecting the fransmitter, it is common 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 suitable sensor electronics
(wired or wireless). Because the mounting base may be sold separatety, it is possible to
attach incompatible components together, which can compromise the sensor data. In
addition, the structure of the current sensors allows for limited number of contact pads,

and respective 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 asserubly inside the case;
a first sensor extending from the case, the first 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 inclading 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 feast 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 transmiitter 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 a 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 tool and wherein
the insertion tool includes a needle adapted to surround the sensor and to pierce the body
of the patient, removing the insertion tool such that the sensing device remains on the

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

[0016] The proximal end of the sensor may be permanently affixed to the printed
circuit board assembly. The printed circuit board assembly may include printed circuit
hoard assembly sensor pads, the printed circuit board assembly sensor pads adapted to
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
seunsor elastomeric connector presses the first sensor contact pads directly against the

printed circuit board assembly sensor pads.

[0011] A second sensor may be included, the second sensor having at least two
sensor electrodes thercon at a distal end for generating at least one electrical signal
representative of the analyte, the second sensor inchuding 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 Jeast 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 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 sensing 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 include batiery connector pads that must be shorted together
to connect the positive side of the battery to the printed circuit board assembly, and
further inclade 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
to separate the battery connector pads from the pull tab elastomeric connector when it is

located between the hattery 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 tab may include a tear notch adapted to tear the battery pull tab
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 more than one battery, such as two batteries connected in series

[0013] 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 & water tight manner. Por example, the upper housing may be
ultrasonically welded to the lower housing. In an embodiment, the sensing device is
stnaller than mulliple 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 transmitter transmits the sensor signals to a monitoring device, such as

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

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

low power sleep mode.

[0016] 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 a
patient, a printed circuit hoard 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 norroal range. The sensing device may in addition
or alternatively show the percentage of time a level of analyte has been within a desired

range.

[0017] 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

set 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

predetermined amount of time.

[0019] In some aspects, the one or more indicators are LED lights. The onc or
more indicators may each 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
indicators can make up a shape of lights to indicate a shiding scale of the level of the

analyte.

[00240] The sensing device for self-monitoring an analyte may be a disposable,
ong-time use device. In some aspects, the sensing device may include an achesive patch

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

100217 In an aspect, the sensor is a microngedle 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 glacose.

[0022] fn some aspects, the sensing device for self-monitoring an analyte may
include a single use, disposable battery. It may also include a pull tab adapted to prevent

the sensor device from turning on vntil 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
representative of an analyte, the first sensor inclading at least two contact pads at a

proxirmal end, wherein the at least two contact pads are electrically coupled to the printed
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circuit board assembly, whersin 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. In some aspects, the sensing device may include a
second sensor, the second sensor having at least two sensor electrodes thereon at a distal
end for gencrating at least one electrical signal representative of the analyte, the second
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 0 at least one of the at least two

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

[0024] In aspects, herein is provided a medical sensing device for sensing an
analyte, the device comprising a case having a Jower 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 proxirnal 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 board assembly and maintain an electrical connection between the

electrical contacts and the printed circuit board assembly.

[0015] The electrical contacts on the sensor may face the contact pads on the
printed circuit board assembly; and the elastomeric pad presses 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 dispiaced to the side of the sensor, and the elastomeric pad
comntains conductve strips positioned to connect electrically the contact pads of the printed
circuit board assembly to respective electrical contacts of the sensor to matntain the

clectrical connection.

[0026] The proximal end of the sensor may have electrical contacts facing both
towards and away from the printed circuit board assembly; the printed circuit board

assemnbly 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 senseor; the
elastomeric pad being disposed to press the electrical contacts on the sensor facing the
printed circuit board assembly into touching connection with fixst contact pads; the
clastomeric pad further containing conductive strips positioned to connect electrically the
second contact pads of the printed circuit board assembly to respective electrical contacts
of the sensor facing away from the printed circuit board asserubly. The elastomeric pad
may have alternating conductive lavers and non-conductive layers along its length such

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

[0027] The sensor may comprise two strips of insulative sheet material cach
having on its surface clongate conductive clements leading from the distal end to the
contacts at the proximal end, wherein the strips are arranged back-to-back such that the
contacts on one sirip face towards the printed circuit board assembly and the contacts on
the other strip face away from the printed circuit board assembly. The sensor may extend
from 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-hy-side relationship where they pass through the seal.

10028 The sensing device may further include a transmitter electrically coupled to
the printed circuit boaxrd assesbly and inside the case, wherein the transmitter is adapted
to transmit 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 further include a battery pull tab 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
to the printed circuit board assembly, a pull tab elastomeric connector biased in a
direction to short the battery connector pads, wherein the battery pull tab is adapted 1o
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 pull tab retaining post, wherein the battery pull tab is affixed to
the battery pull tab retaining post. The sensing device may inchude a button in the upper

major wall, wherein the button is adapted to 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 to the Jower housing in a water tight manver. 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] In aspects, provided herein is a medical sensing device for sensing an
analyte, the device comprising: a case having a lower major wall adapted o 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
sensitive to the analyte to produce an elecirical signal, and a proximal end within the case
having electrical contacts; a power unit disposed at a first end of the case; a T-shape
support mounted within the case having a cross arm extending transversely across the
case, and a stem cxtending towards a second end of the case, the stem having a guide

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

[0031] 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 entry of
a needle, and the support may extend to the upper major wall at the intersection of the
cross arm and stem and provides a guide for the needle. The lower major wall may
comprise a printed circuit board assernbly 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 limitation, silicone or polyurethane.

[0032] 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 clectronics 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 posttioning against the skin during placement of the medical device, and an
internal cavity for retention of the medical device prior © placement. Typicaily 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 therefrom. Most conveniently the said surface could
be provided with an adbesive layer, or be attached o an adbesive patch. The apparatus
further has a retractable needle extending through the medical device and carrying the

~3

filament. The needle typically bas an internal longitudinal cavity or “C” cross section so
that it protects and carries the filament during insection. 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 position on the skin of the patient, any adhesive on the medical device
could at this stage stick to the skin. The apparatus 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 a plunger axially
novable 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, allowing the striker to move from the
retracted to the second position. The driver spring may be fongitudinally disposed
between the striker and the plunger, such as to compress as the plunger is moved from the
rest position to the firing position. The striker lock may comprise an engagement between
upstanding extensions on the frame and the striker, and the plunger may have a cam
surface to dislodge the engagement. Thus in this arrangement when the patient holds the
plonger and presses the apparatus against the skin, this does not directly press the striker,
and hence the needle into the skin, but compresses the spring. As manual pressore 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 time.

[0033] 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 refease 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 striker, before the firing. The ribs may be fixed on the
frame and extend longitudinally into the striker, touching the snap arms only when the
striker is in the first position, tncreasing their stiffness and or flexing 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.

[0034] The apparatus may further include an antomatic retractor exerting a force
on the needle in the direction to pull the needle out of the medical device; a releasable
refractor 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 position. The retractor may

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

[0035] The plunger may comprise 4 push batton 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 sn annular gap accommodating the dependent skist of the plunger. The
collar may be rotatable with respect to the plunger and there may be provided Jocking
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.

[0036] The invention according to a modification of this aspect also envisages the
arrangements to vary the holding force with which the medical device is heldina
simplified coniext too. The inveniton thus also 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, 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 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 plunger being axially

11
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movable with respect to the frame in a direction towards the mouth; wherein the striker
has resilient snap arms 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 o release the medical device

from the striker.

[0037] In 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 panent is provided, the apparatis 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 filarnent extending
therefrony; 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 to urge the
striker towards the second position; a releasable striker lock holding the striker in the first
position; a plunger axially movable with respect to the frame in a direction towards the
mouth, from a rest position (o a firing position, the apparatus having a mechanism
configured to release the striker lock when the plunger reaches the firing position,

allowing the striker to roove from the retracied o the second position.

[0038] The striker may have resilient snap arms 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
o release the medical device from the striker. The ribs may be fixed on the frame and
extend longitudinally into the siriker, touching the snap arms when the striker 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 to compress

as the plunger is moved from the rest position to the firing position. The striker lock may
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comprise an engagenment batween upstanding extensions on the frame and the striker, and

the plunger may have a cam surface to dislodge the engagement.

[00406] The apparatas may further include: a retractor exerting a force on the
needle in the direction to 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 raoves away from the firing position. The retractor mav be a

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

[0041] The plunger may comprise a push button head adapted to be gripped by the
user merging via a shoulder portion to a wider diameter dependent skivt portion; and the
apparatus further includes an external collar surrounding the frame and spaced therefrom
to form an anmular 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 plunger with respect to the frame at a given angular
orientation. The locking structures may include a visible indication of the angular

otientation at which the plunger can be axially moved.

[0042] The apparatus may further include a rerovable 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 moay contain a wireless transmitter o transmit a signal representing measured

glucose concentration to external equipment.

[0043] Provided is an apparatus for placing a medical device on the surface of the
skin of a patient and inserting a medical flament extending from the device into 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 reiractable needle extending
through the raedical 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 strface 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 fowards the mouth; wherein the striker has resilient snap arms 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

mcrease the force needed to release the medical device from the striker.

[0044] The apparatus 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 transmitier €0 transmit a signal representing measured

glucose concentration to external equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] For a more complete understanding of the present disclosure, reference is
now made to the following figures, wherein like reference numbers refer to similar items

throughout the figures:

[0046] FIG. 1 illustrates a perspective view of a sensing device.

[0047] FIG. 2 illustrates a side view of a sensing device.

[00438] FIG. 3 illustrates a view of an analyte sensor.

j0049] FIG. 4 illustrates an internal view of a sensing device.

[0050] FIG. 5 Hustrates an exploded view of a sensing device.

[0G51] FIG. 6 illustrates an exploded view of components of a sensing device.
[0052] FiGs. 7A and 78 illustrate close up views of internal components of a

sensing device.

[0053] FIGs. 8A-8B illustrate top views of internal electrical components of a

sensting device.
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[0054] FIGS. 8C-8D illustrate perspective internal views of a sensing device.
[0055] FIG. 8E illustrates a perspective view of an upper housing of a sensing
device.

[0056] FIG. 9 illustrates a partial view of a sensing device.

[0057] FIGs. 10A-10B illustrate views of a prior art sensing device and a sensing

device according to an embodiment described herein.

[0058] FIG. 11 illustrates an exploded view of a sensing device.
[0059] FIG. 12 illustrates top views of internal components of a seasing device.
[0060] FIG. 13 illustrates a perspective, exploded view of components of a

sensing device.

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

0062 ] 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.

[0064] FIG. 17 iliustrates a perspective view of internal components of sensing
device.

[00635] FIG. 18 illusirates a perspective view of a sensing device, with the external

housing shown as transparent.

10066] FIG. 19 tliustrates a side view of a sensing device, with the external

housing shown as transparent.
[0067] FIG. 20 illustrates a perspective view of an insertion tool.

[0068] FIG. 21 illustrates a top view of a sensing device.
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[0069] FIG. 22 illustrates a top view of a sensing device.

100731 Fi(s. 23A-23D illustrate perspective views of an insertion tool.

00711 FIG. 24 iliustrates an exploded view of an insertion tool.

06721 FIG. 25 illustrates a cutaway view of an insertion tool.

[0073] FIG. 26 illustrates a side cutaway view of an insertion tool.

106741 FIG. 27 iliustrates a side cutaway view of an insertion tool.

10075] FIG. 28 illustrates a side cutaway view of an insertion tool.

10076] FIG. 29 iliustrates a side cutaway view of an insertion tool.

10077] FIGs. 30A-30C illustrate bottom views of a portion of an insertion fool.
i0078] FIG. 31 illustrates an elastomeric connector of a sensing device.

DETAILED DESCRIPTION

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

of others.

[0030] As shown in the exemplary drawings, an improved sensing device is
provided for monitoring a body characteristic of the body. Also provided is an improved
structure of the connections between the various components of the sensing device. One
example body characteristic is the blood glucose level of the body. As shownin FIG. 1, a
configuration of a sensing device 100 includes a housing 110 including an upper housing
120 with an upper major wall inside the upper housing, and a lower housing 130 with a

lower major wall side the lower bousing, where the upper and lower major walls oppose
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cach other. The housing 110 is shown as generally rectangular, but other shapes, such as
rectangular (shown in other aspects herein), square shapes, circular shapes, polygon
shapes, can be used according to the size of the components housed inside and to increase
comfort levels on the skin. The housing has a low profile to decrease visibility through
clothing and also to decrease discomfort and interference from the sensing device when it

is worn on 4 patient’s skin.

10081 The housing may be attached to an adhesive patch 200 for press-on
adhesive mounting onto the patient’s skin. The patch may be sized such that it has as
much adhesion to skin as possible while not being too large for comfort or to easily fit on
a patient. The adhesive patch may 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
techiiques for attaching the mounting base to the skin of a 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 compouents of the sensor. Suitable
plastic materials include, as an example and in no way by limitation, ABS, nylon, an
ABS/PC blend, PVC, polytetrafiuoroethylene (PTFE), polypropylene, polyether ether
ketone (PEEK), or the like, and polycarbonate. In this configuration, the upper housing
120 includes a small opening 115 for pass thirough of a battery pull tab (not shown) used
to block the battery [rom contacting the electronic battery contacts prior to use, thus

preventing hattery depletion.

[00382] The adhesive paich 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 beeween the patch edge and the device edge is
about .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.

10083] 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

seusor 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
to include elongated conductive elements 24 embedded or encased between layers of a
selected msulative 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 (o reduce instances of
sensor kinks without a flexible tube. A thickness of about 17-40 um 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 insulative 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 includes the
corresponding plurality of exposed 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 patient condition, wherein these
signals are tranamitted via the contact pads 18 and connector, which includes sensor
clectronics (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.S. Pat. No. 5,391,250,
which is herein incorporated by reference. Sensor electronics including wireless
transmitters are discussed, for example, in U.S. Patent No. 7,602,310, which is herein

incorporated by reference.

[0084] As shown in FIG. 4, the lower bousing 130 contains various electrical
components. In various embodiments, the lower housing 130 is water tight to protect the
components from water damage. A printed circuit board assembly (PCBA) 320 fits inside
the lower housing 130 and is supported by one of the major walls (upper or lower
housing). The PCBA is adapted to receive electrical signals from the sensor through
electrical contacts on the PCBA. 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 hattery
300 fits next to, not on top of, the PCBA. Electrical components of the sensing device are

electrically connected to the PCBA. Back to back sensors may be mounted directly to the
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PBCA. A battery 300 is included to provide power to the electronic components. In FIG.
4, the battery 300 is a coin cell battery, which is held using a battery clip 302, Any
suitable battery that is small in 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 afte
inserting the sensor into the user’s body, turning on the sensing device 100, Additional
batteries may be used. For example, two or more batteries in series may be used instead

of the one battery shown in FIG. 4.

[0085] FIG. 5 shows an exploded view of one configuration of a sensing device
100, Upper housing 120 includes an interior upper wall 125 and needle opening 122, The
adhesive patch 200 is below the components for attaching the sensing device 100 o 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
possibie to hold the battery in place by shaping the upper and/or lower housings in a2 way
to confine the battery and prevent it from moving when the upper and lower housings are
connected to each other. The PCBA 320 is electrically connected to the electrical
componenis. In this configuration, two sensors (12A and 12B) are used in conjunction
with sach other. In other configurations, one sensor or more than two sensors may be
used. Muiltiple 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 ap to 5 electrodes. Potential
configurations inchide 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 sensor, with up to five elecirodes
pet side. In this aspeet, each sensor may be about 0.060 inches 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
have 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 sensors 124, 12B may be held in place by sensor elastomeric
connector/elastomeric pad 350 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 into 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 connector 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 pottion 314
extends outside of the housing when the sensor is assembled 50 that a user can remove it
to turn on the sensing device. A needle hub 400 is shown, with needle 4100 aid in
insertion of the sensor into a user’s body. The needle hub shown is a simple needie hub
that houses the needle. A more complicated insertion tool may be inchided that utilizes
the needle hub or as an alternative to the needle 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 inserted into the user’s body. The needle hub 400

meluding 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 is shown in
an exploded view in FIG. 6. Upper sensor 12A has its contact pads 121 A facing up and
its sensor chernistry 123A 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
connected to the PCBA. The lower housing 130 shows lower housing sensor opening
132, through which the sensors 12A, 12B and, during insertion, a needle may extend.
When the sensors are fitted into 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 itseif).

10088] A more detailed view of the sensor electrical connections 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, Fi(. 7B shows (transparently) the sensor elastomeric
connector 350, which in this configuration is sandwiched between the apper housing and
the sensors/PCBA. The sensor elastomeric connector 350 presses the lower sensor 128
against the PCBA sensor pads. The sensor elastomeric connector 350 electrically

comnects the upper sensor contact pads to the PCBA sensor pads.

10089 FIGS. 8A-E show a configuration of a battery disconnect procedure
according to 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. FIG. 8B 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
320. In FIG. 8C, the battery pull tab 310 is shown. The battery pull tab 310 is a non-
conductive tab according to one or more embodivents. It may be sandwiched between
the pull tab elastomeric connector 360 and the PCBA battery connector pads (not showi).
When the battery pudl tab 310 is sandwiched in this position, it blocks the electrical
connection between the battery 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 turns 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, If 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 313 holds the elastomeric connector of the battery pull tab elastomeric

connector 360 into the upper housing.

[009G] The sensing device may be water resistant, with water tight seals provided
between various external components, preventing potential damage to internal
components from motsture. FIG. 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 sealed 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 interior electrical components from being damaged. In
geuneral, it is not envisioned that the upper and fower housings will need to be separated
from each other, because 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 repair or replacement of parts in @ 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 120, lower housing 130, and the sensors 12A, 12B.

[0091] FIG. 11 shows an alternate configuration of a sensing device. Upper
housing 1120 includes interior upper wall 1125 with needle hole 1120. The adhesive
paich 1200 is below the components for attaching the sensing device to the skin of 2 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.
Alternatively, in the configuration shown, 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. Itis
further possible o hold the battery in place by shaping the apper and/or lower housings in
a way to counfine the battery and prevent it from moving when the upper and lower
housings are connected 10 each other. The PCBA 1320 is electrically connected © the
electrical coroponents. In this configuration, two sensors (1012A and 1012B) 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 elastomeric connector 1350, A needle hub 1400 is shown, with needle 1410 to aid
in insertion of the sensor inte a user’s body. The needie 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
meluding the needle 1410 can then be removed, leaving the sensor inside the user’s body.
A push button 1125 is shown in the upper bousing 1120. The push button may be used to
turm on the sensing device, as set forth in the description beremn. The particular push

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

top surface is lower than the housing.

[0092] FIG. 12 shows the configuration of FIGG. 11 from a top view. The lower
housing 1130 holds PCBA 1320 and batteries 1300. The sensors 1012A and 10128 are
attached to the PCBA 1320 using elastomeric connector 1350, Also shown in FIG. 12 are
electrical components that may be included in any configuration, including those
discussed herein. The electrical components include ASIC (application specific
integrated circnit) 1701, MCU (multipoint controf unity 1702, memory 1703, antenna
1704, and reservoir caps 1705. Battery tabs 1706 lead from the batteries 1300 to the
PCBA 1320,

[0093] The battery tahs 1706 shown are part of three battery spring contacts,
which may be heat staked or otherwise attached to the lower housing 1130. The battery
spring contacts connect the two batteries together and to the PCBA. The connection (0
the PCBA may be on the underside of the PCBA so that the tabs are compressed by the

PCBA when the PCBA ts in the lower housing.

{0084 A power/pairing switch 1710 is included in this configuration that allows
for nirning 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 gpper housing o be
compressible such that when it is compressed, the switch 1714 is activated, turning on the
sensing device. In this case, the use of the push button/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. Alternatively, it may be possible
to turn off the sensing device using the push button/switch as well. The push
button/switch may be used in addition to the battery pull tab. For example, it may be
required to first remove the battery pull tab and then to activate the push button/switch in

order o activate the sensing device.

[0095] I further configurations, the sensing device may be configured tobe in a
low power sleep mode prior to activation. When the battery is connected o 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 periodically monitor the push button. When the push
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button is detected, the device would wake up fully and become fully activated. A push
button may have multiple functions. It may wake up the sensor from a low-power shelf
mode after insertion of the sensor into the body. It may initiate Bluetooth low energy or
other pairing with a monitoring or other device. It may initiate data upload after sensor
wear. Other potential uses are alse contemplated by the button depending on the desired
function of the sensing device. The bution is formed in a way that is generally watertight.
In certain aspects the materials of the button itself are selected to create a chemical bond
for 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

2.

[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 configared 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 1o locate the sensors in the correct position with respect to the sensor
pads. Elastomeric connector 1350 pushes the sensors onto the PCBA and may similarly
contain openings for the locating posts 1326. The locating posts may be formed in an
asymmetric manner, 5o that the sensors can only be placed in one manner, error-proofing
sensor placement. The locating posis may be formed on the lower housing and go

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

j0097] FIGs. 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 PCBA sensor pads. FIG.
14A shows only the lower sensor on the PCBA. Upper sensor 1012 A 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 upper shell.
The elastomeric connector 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 type of direct, touch connection batween the sensor contact pads
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and the PCBA coniact 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 1350, also shown in FIG. 31 as
reference nomber 350, inclodes alternating conductive layers 337 and non-conductive
layers 358 (see FIG. 31) along its length, such that the elastomeric 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 10128, the elastomeric connector applies
pressure through the upper sensor 1812 A to the lower sensor 10128, connecting the lower
seunsor pads directly to the PCBA sensor pads. The sensor polyimide or other flexible
insulative material insalates the lower sensor pad from the upper PCBA sensor pad. The
elastomeric connector contects the upper sensor pad to the upper PCBA sensor pad, and
the sensor polyimide (or other flexible insuiative material) isolates the lower sensor pad
frorm 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.

i0099] 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
PCBA, 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 {0 maintain

the electrical sensor.

[0100] The sensors 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 configurations, the sensor legs 1013A and 10138 that extend thyough 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 tighter configuration, decreasing likelihood of any
leakage. The sensors can be clamped down near the lower housing sensor opening 1132
to prevent pull ups. In certain configurations this lower housing sensor opening is shaped
to accommedate various needle profiles so that different insertion tools may be used when

inserting the sensor info 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 gasket 1815 is
formed in upper housing 112{0. The sensor gaskets may be overmolded onto the housings

and are surrounded by shutoff surfaces 1018.

[0102] The sensors 12A and 128 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, whergin the strips are arranged back-to-back such
that the contacts on one strip face towards the PCBA and the contacts on the other strip
face away from the PCBA. The sensors reay extend from the bousing/case via an opening
in the lower housing and lower major wall, there being a seal separating the opening from
an internal cavity of the case housing of the PCBA, said seal being held in compression
between the upper and lower housings, wherein the back-to-back strips separate to 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
glectronics/transmitier, it is possible to greatly reduce the on-body device size. For
example, FIGs. 10A and 108 show a comparison of an carlier, two-piece model 100A
with a maodel 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 in 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

reducing the on-body device size, user comiort is greatly increased.
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[0104] In 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 1 inch. This configuration may include a housing shape that is generally
rectanguiar, where the shorter sides are semicircular 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 cixcuit 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. Example materials for the flexible housing include
silicone and polyurethane, but other suitable materials may be used. In altemate
configurations, the PCBA and or the housing may be rigid, although the flexibility of
these components may lend theroselves to increased comnfort by the user. A sensor 2012
i3 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 2304 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 needle mnsertion tool 2400, includiag a needle 2410 attached for insertion of the sensor
into the body of a user. This small size sensing device allows for added comfort for a

user, 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 allows for increased
comfort to the user. The molded support 2325 supports the needle and, when centered in

the housing, allows 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
transversely across the housing/case. The T-shape of the molded support 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 sapport. The molded support includes a stem that extends towards the second
end of the housing, where it bolds 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
intersection of the cross armo and stern. Additional components may be housed inside the
housing near the second end of the housing. Sensor electronics (not shown), for example,
1aybe 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
housing, 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 wanslucent housing to indicate glucose levels. Other
indicators of analyte levels that are out of the nommal range may be used. For example,
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 100 disclosed herein according to one or more
smbodiments may be placed onto a user using a disposable insertion 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. 5,831,197,
6,093,172, and 6,293,925, which are herein incorporated by reference. In particular, itis
possible to provide an insertion tool that is shaped to hold the sensing device disclosed
herein, pre-loaded with a sensing device. As shown in FIG. 20, the insertion tool 500
inclades a sensor holder 510, which is configured to hold the sensing device until it is
placed onto a user’s skin, with its sensor inserted into the skin. The insertion tool 500
also imcludes 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
nsertion tool SO0 with preloaded sensing device onto the skin. The push button 520 1s
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.
In various embodiments, 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
inside can then be disposed of. After the sensing device is placed and the battery pull tab
is rernoved, a wireless transmitter inside of the sensing device begins pairing to an
infusion pump, glucose monitor or other receiver. Examples of infusion pumps and
glucose monitors that interact with wireless receivers are shown, for example, in U.S.
Patent Nos. 7,942,844, 8,073,008; and 8,344,847, which are herein incorporated by

reference.

[01038] A configuration of an insertion fool is shown in Fl(is. 23A-23D. The
msertion tool 1500 includes an external lock collar 1510, which is configured to house the
components of the insertion tool. The push type plunger 1520 is housed in the lock collar
1510, The tnsertion tool 1300 holds the sensing device until it is placed onto a user’s
skin. When a user wishes to place the sensing device onto the skin, with sensor inserted
annd 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) inserts the sensor through the skin of the user. The needle is then
automatically retracted when the plunger 1520 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.

[0109] The nsertion tool 1500 farther includes a visual indicator of
locked/unlocked 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/untocked
status. A cutout 1513 is made in the external lock collar. In the configuration shown in
FIG. 23A, when the arrow 1512 is not lined up with the cutout 1513, the insertion tool is

locked, preventing the plunger 1520 from being depressed.

[0110] A cover 1580 covers the bottor of the insertion tool such that a sensing
device inside the insertion tool, as well as any internal components, are covered before
use of the insertion tool. 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 to the lock collar, effectively attaching (e.g., gluing) the lock collar in place so

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

removed, the adhesive paich is ready to be attached to the skin of the patient.

j0111] In F1G. 23B, the cover has been removed, and the plunger 1520 has been
turmed so that the arrow 1512 Hnes up with the catout 1513, At this point, the insertion
tool has been unlocked, such 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 F1G. 23C. The plunger 1520 is depressed, whereby the arrow 1512 fits into the cutout
1513, and the insertion needie {(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 msertion tool 1500, as shown in FIG. 23D. The needie and other

components are retracted into the insertion tool for safety.

f0112] The internal stracture 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 corvesponds to FIG.
23B described above. The plunger 1520 comprises a push button head 1522 with a flat top
1521 and a cylindrical side wall 1523, The side wall 1523 can bave a shallow taper to
make it easier to manufacture. The side wall merges via a shoulder 15324 to a wider
diameter dependent skivt portion 15235, This skirt portion carries on its outer surface the
arrow 1512 described with reference to FEGS. 23A-23D. The inner surface of the
cylindrical side wall 1523 of the push button head 1522 has a cam 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 cylindrical wall 1527 and an outer cylindrical wall
1528. The dependent skirt portion passes into an annular gap formed between an inner
cylindrical surface of lock collar 1510 and an outer cylindrical surface of an mverted cup-

shaped frame 1516,

[0113] An expanded view of the insertion tool 1500 of FIG. 26 is shown in FIG.
24. The plunger 1520 is shown with arrow 1512, Ag insertion spring 1530 which is
contained in another gap formed between the outer cylindrical wall 1528 and the side wall
1523 of the plunger push button head 1522 compresses when the plunger 1520 is
depressed storing energy for the firing of the tool 15300. A needle hub carrier 1540 is
adapted w carry the needle hub (not shown), which bolds the insertion needle used to

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

1580 covers the bottom of the insertion tool before use.

[0114] The insertion tool may include an unlocking mechanism to prevent the
msertion tool from firing during storage. As discussed above, with respect to FIGs. 23A-
23D, the insertion tool may include a visual indicator of Jocked/unlocked status. When
the visual indicators line up, it will indicate that the insertion tool is unlocked. 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 sach that the
insertion tool is locked and cannot fire. In the illustrated arrangement radially outwardly
extending tabs 1518 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, It
is also possible for the tabs to be on the lock coliar and the recesses on the plunger. This

helps prevent accidental firing in storage due to rough handling.

[0115] As shown in FIG. 26, the needie hub 1590 is contained inside the needle
hub catrier 1540. In another configuration, the needie hub and needle cartier may be
together in one picce. Before insertion, 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 1im which has outwardly
facing barbs 1575 which engage holes in an upstanding holding structure on the frame.
This locks the striker to the frame, preventing axial movement of the striker 15370, As the
phlunger 1520 s depressed, it comprasses the insertion spring 1530 priming/cocking it
ready for firing. At the end of its travel the cam surfaces 1526 on the inner walls of the
plunger engage the barbs 1575 on the striker outer 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 carvier 1540. Vents in the
striker allow air to exchange across the striker surface during travel. The interior of the
msertion tool is shaped to guide straight insertion of the needle into the body of the user.
{uidance of the travel of the striker 1570 is provided by the inner upstanding wall 1572
on the striker. As well as inwardly facing hooks which retain the needle hub carvier 1540,
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.

10116] 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 barbs 1375 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 a relaxed state. The downward movement of the plunger
contirues until the cam 1526 on the inner wall of the push button head 1523 of the
plunger press against the barbs 1375 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 wravel downwards under the force of the spring 1530, Ag the
force applied to the plunger during the cocking and firing operation is applied with the
tool against the skin this force also holds the ool in place. As it includes the force to
release the lock the force to fire the insertion tool is greater than the force exerted by the
insertion 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 needie 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 bevond the
mouth of the frame 1516, as shown in FIG. 27. The insertion spring load is distributed
primarily over the seusor base bottom surface. The needle retraction mechanism actuates
automatically as the user lifts the insertion tool from the insertion site. This occurs
becanse, 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 striker 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 needie to be
pulled out of the sensor 100, This procedure is aided by the insertion spring 1530 which
pushes the plunger 1520 back towards to its original posiion. The plunger travel releases
the needle hub 1590, triggering retraction of the needle 410. The mechanism guarantees
that full insertion occurs at the tnsertion 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 1594 has been retracted back into the

inscrtion tool.

[0117] As further shown in FIG. 29, as the needle hub retracts, cams (not shown)
on the plunger rotate 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 1540 interfere with the top of the suiker 1570 preventing the needle carrier from
descending into the striker 1570 even if a user presses again on the plunger. The needle
hub catrier 1540 can even effectively become a wedge between the plunger 1520 and the
siriker 1570, preventing the user from depressing the plunger and striker at the same time,
which would re-expose the needle tip. The user is also prevented from cocking and firing
the insertion tool again, which could break the insertion tool and eject the needie.
Because the inseriion ol automatically retracts the needle hub into its interior, this
embodiment reduces the number of steps from prior art insertion tools, which generally

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

[0118] The sensor may be released from the insertion tool through a sensor release
mechanisim shown in FIGs. 30A, 308, and 30C. FIG. 30A shows a frame 1560 from
below and by irself. The frame includes four frame ribs 1565 on its inner surface,
extending toward the bottom of the frame. FIG. 30B shows the frame 1560 from below,
with the striker 1590 sitting inside the frame. In the configuration shown, before the
mmsertion tool is used, the sensor 100 is held inside the striker 1590 by snap arms 1595 at
four comers. The four frame ribs 1565 fit between the four snap arms 1595 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 defleet 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 insertion tool has been fived, as shown in FIG. 30C, 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 entive Jlength. This greatly reduces the force required to pell the sensor out of
the siriker, 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

lifted away from the site.

[0119] When the sensing device is nearing its end of life, it may give a warning to
indicate that it is nearly time to replace it. For example, an audio alarm, vibration, efe.

1ay 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 sigpaling the user o remove the old sensor. In various embodiments, the
user will insert a new sensor prior to the old sensor, altowing continuous monitoring of
the sensed analyte. However, i is possible to remove the old sensor prior to inserting a

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

[0124G] Among the advantages of the presently disclosed seunsing 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 must be stopped to recharge the sensor
electronics. With an integrated device, the user no longer needs to recharge the
wansmitter, 50 no time is lost for recharging. Also, the new sensor may be initialized
while the old sensor is still reading and transmitting. It is estimated that using the
integrated sensor can eliminate at least 60 minutes of charge time and 90 minutes of start

up time.

0121 Integrating the wansmitter and the sensor eliminates several steps from

starting a sensor. It eliminates fransmitter vecharging, transmitter connection and
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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 transmitter charger and the need for a

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

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

[0122] The integration of the transmitter and the sensor further reduces risk to the
user from trying continnous ghucose monitoring. With an integrated, disposable system,
there is no need for a prospective user to buy an expensive start up kit (ransmitter,
charger, insertion tool, and cleaning plug) before trying the sensor. This greatly lowers
the risk of trying continuous ghicose monitoring for the first tirae, or of switching among
different competitors’ continuous glucose monitoring systems. In addition, it reduces the

number of components necessary to carry around with an analyte 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 ruismaiching the sensors and
transmitters, which can result in incorrect readings. Currently, mechanical lockouts are
used fo ensure that ransmitters cannot be connected (o incompatible sensors. With a
disposable, integrated device, it is no longer possible to pair incompatible sensors to
transmitters. Without the concern of incompatible devices, it 18 possible to release

gpdated sensors more easily and more frequently.

[0124] While the sensing device of the present disclosure according to one or
more embodimenis is not reusable, it is potentially recyclable in that the unit could be sent

back to the manufacturer for reprocessing and reuse of any number of components.

[0125] The sensing device described hercin transmits data to a separate monitor,
which may be of the type suitable for determining glucose levels in the body and/or body
fluids of the user and may be used in conjunction with automated or semi-avtomated
medication infusien pumps of the external or implantable types as described in U.S. Pat.
Nos. 4,562,751, 4,678,408, 4,685,903, and 4,573,994, which arc herein incorporated by
reference, to deliver insulin to a diabetic patient. However, it will be recognized that the

integrated sensor/transmitter or sensing device according to one or more embodiments
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may be used in arrangements to determine the levels of other agents, characteristics or
compositions, such as hormones, cholesterol, medication concentrations, pH, oxygen
saturation, viral loads {e.g., HIV), or the like. The sensing device may also include the
capability t0 be programmed or calibrated using data received by the sensor electronics, or
may be calibrated at the monitor device. The sensing device is primarily adapted for use
in subcutaneous human tissue. However, it may be placed in other types of tissue, such as
muscle, lymph, organ tissue, 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
extracellular patient fluids. Embodiments may provide sensor readings on an intermittent

of continuous basis.

[0126] 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 chemical based, optical based or the like. 1t should be noted that in
various embodiments, sensors can be electrochemical sensors or optical sensors including
fluorescent sensors. Examples of optical sensors are described in U.S. Patent No.
6,011,984, 1.5, Patent No. 7,228,159, U.S. Patent No. 7,751,863, U.S. Patent No.
8,467,843, and U.5. Patent No. 9,399,076, which are herein incorporated by reference.
Furthermore, 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

mounted sensors could utilize the interstitial fluid harvested from underneath the skin.

[0127] The sensing device described herein according to one or more
embodiments may be used in confunction with other continuous analyte (e.g., glucose)
monitoring systems. One system that can be used in conjunction with the sensing device
described herein according to various embodiments, other continuous monitoring systems
or more intermittent monitoring systems (such as finger stick blood glucose tests) or on its
own is a simple continuous analyte monitoring device with visaal indicators. Visual

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

[0128] A simple continuous glucose monitoring (CGM]) device is provided with
only visual indicators for behavior modification of pre and type 2 diabetic patients. This

simple device allows for monttoring 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 simple CGM device can be stored and

downloaded to another device such as a smartphone, 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 adhesive patch 620 to adhere the
sensor to the skin. The sensor housing 610 includes one or more indicators including 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 sach as
the LED lights 640, LCDs, OLEDs, fluorescent lights, E-ink displays, or the like. In
some configurations, numerous indicators such as lights or LEDs can make up a row or
ring {(or any other appropriate shape) of lights or LEDs to indicate a sliding scale. For
example, the sliding scale may indicate the glucose level. In an example where the lighis
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.

[0130] In one configuration, the LED lights may be capable of multiple colors that
change when a normal blood glucose range changes to a high blood glucose rangs. For
example, a green color could indicate a normal 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 in glucose, and quick blinking green could indicate a fast rise in
glucose. LED colors could include various colors to indicate poinis in a range from
hyperglycemic to hypoglycemic level. For example, red could indicate hypoglycemia and
yellow could indicate hyperglycemia. Blinking lights, and the rate of the blink could
signify particular glucose levels. For example, fast blinking lights could indicate high
levels of blood glucose and slow blinking lights could indicate low levels of blood
glucose. In addition, blinking or steady lights could describe a status of the sensor
readiness or reliability. Numerous LEDs can make up a row or ring (or any other
appropriate shape) of LEDs to indicate a sliding scale. This sliding scale could show
where the glicose 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 for reaching high/low levels.

[0131] n a different arvangement, lights could be used to indicate the percent time
in a target (.., normal) blood glucese range. One example of this is shown in FIG. 22.

A visual analyte sensor 700 ts 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 exarmple, the lights shown in FIG. 22 could
indicate 50%, 60%, 70%, 80%, and >90%. Other useful sets of mimbers 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 user’s blood 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 alaom
such as an audio alarm, vibration, etc. to indicate that an abnormal blood glucose Jevel

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

[0133] The visual analyte sensor according to an embodiment includes a
pinimally invasive sensor, such as one with microneedles to minimize pain. Examples of
using microneedles to sense blood analytes can be found, for example in PCT Application
No. PCT/US1999/G29925, WO2000035530, which is herein incorporated by reference.
Alternatively, a needle inserted sensor, such as the one described hergin or known in the

art can be used.

10134] In one or more embodiments, the entire visual analyte sensor 1s flexible
and can conform to the skin. To achicve this flexibility, the sensor housing may be made
out of a flexible material such as silicone or polvurethane. Other flexible materials that
can successfully house and protect the electronics of the sensing device may also be used.
Some examplies melude silicon, 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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[0135] One use of a visnal analyte sensor as described could be as a self-screening
device. For example, a self-screening, disposable, calibration-free retrospective CGM
device to be sold over-the-counter. This type of device could be used by a patient who is
an undliagnosed 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 symptoms.
A patient could buy the sensor, install it on the body and, after a period of tioe (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 occur at the end of the pre-determined wear time. The patient would
then be divected for further checkup with a doctor. For example, the device shown in
FIG. 21 could be used for this type of self-screening device. If the lights are configured
be red or green (or any other appropriate color), the device could be set up for the lights to
be red or green at the end of the predesignated time period. Because the device is a one
time, disposable device, patients would see the value in buying such a device before going

through the hassle of doctor appointments.

[0136] Another use of the visual analyte sensor would be for self-monitoring,
calibration free, real time monitoring by a device sold over the counter. In self-
monitoring, the device would have a real time blood glocose 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 tvpe 2 diabetic who is on a diet and
exercise and/or oral medication regimen. The device would be used for behavior
madification for improved quality of life through diet and exercise. This may not reguire
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 few 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
maotivation for the patient is to roaximize the percent of time in target values to stay

healthy and reduce long term complications.

101371 In further 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, etther sensor configuration shown
in F1Gs. 4-9 or in FIGS. 11-16B could also include indicators inchuding Hghts such as
1LED lights in the housing. The LED lights could be as shown in FIG. 21 or FIG. 22 orin
another configuration desired such that analyte values can be indicated to a user {either

current or over a predetermined armount of time).

[0138] Embodiments herein may be used with various types of monitoring
systems, for example, with a sensor and transmitter product that includes a reusable
wransmitter, as described, for example, in Patent Application Sexial No. 15/357,883, {iled
on November 21, 2016, the contents of which are hereby incorporated by reference in

their entirety.

[0139] The foregoing description of specific embodiments reveals the general
nature of the disclosure sufficiently that others can, by applying current knowledge,
readily modify and/or 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 equivalents of the disclosed embodiments. The
phraseology or texminology employed herein is for the purpose of description and not of

limitation.
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Claims:

L. A medical sensing device (100) for sensing an analyte, the device comprising:

a case {110) having a lower major wall adapted to be mounted against the skin of
the patient, and an upper opposing major wall;

a sensor (12, 12A, 10124, 12B, 1012B) extending from the case and having a
distal end (15, 123 A, 123B) sensitive to the analyte to produce an electrical signal, and a
proximal end within the case having electrical contacts (18, 121A, 1218

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 clastomeric pad (350) disposed in the case and biased by the other major wall
to vrge the said proximal end of the sensor into contact with the printed circoit board
assembly {320, 1320) and maintain an electrical connection between the electrical

contacts (18, 121 A, 121B) and the printed circuit board assembly (320, 1320).

2. A sensing device according to claim 1, wherein

the electrical contacts on the sensor (12, 12B, 1012B) face the contact pads on the
printed circuit board assemably (320, 1220); and

the elastomeric pad (3538) presses the electrical contacts on the sensor (12, 12B,
1012B) into touching connection with corresponding contact pads on the printed circuit

board assernbly (320, 1320) to maintain the electrical connection.

3. A sensing device according to claim 1, wherein

the electrical contacts on the sensox (12, 124, 1312A) face away from the printed
circutt board asserably (320, 1320);

the printed circuit board assembly (320, 1320} has contact pads displaced to the
side of the sensor, and

the elastomeric pad (350} contains conductive strips (357) positioned to connect
electrically the contact pads of the printed circuit board assembly (320, 1320) to

respective electrical contacts of the sensor to maintain the electrical connection.
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4, A sensing device according to claim 1, wherein

the proximal end of the sensor has electrical contacts (128, 10128, 12A, 1012A)
facing both towards and away from the printed circuit board assembly (328, 1320},

the printed circuit board assembly has first contact pads touching the contacts
{128, 1012B) facing towards the printed circuit board assembly (320, 1320), and second
contact pads displaced to the side of the sensor;

the elastomeric pad (350) being disposed to press the electrical contacts (128,
1012B) on the sensor facing the printed circuit board assembly (320, 1320} into touching
connection with first contact pads;

the elastomeric pad {350) further containing conductive strips (357) positioned to
connect electrically the second contact pads of the printed circuit board assembly to
respective electrical contacts (124, 1012A) of the sensor facing away from the printed

circuit board assembly (320, 1320).

5. The sensing device of claim 3 or 4, wherein the elastomeric pad (350) has
alternating conductive layers (357) and non-conductive layers (358) along its length such
that the elastomeric pad (350) is conductive along its width and height, but not along its

fength.

6. The sensing device according to claim 4, wherein the sensor (12} comprises two
strips of insulative sheet material each having on its surface elongate conductive elements
(24) leading from the distal end to the contacts (18) at the proximal end, wherein the
strips are arranged back-to-back such that the contacts on one strip face towards the
printed circuit board assersbly (320, 1320} and the contacts on the other strip face away

from the printed circuit board asserably (320, 1320) .

7. The sensing device according to claim 6, wherein the sensor (12) extends from the
case via an opening in the lower major wall, there being a seal (1016, 1015) separating
the opening from an internal cavity of the case housing of the printed circuit board

assembly (320, 1320), said seal being held in compression between the upper and lower
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walls, wherein the back-to-back strips separate to a side-by-side relationship (10134,

1013B) where they pass through the seal.

8. A sensing device according to any of claims 1 to 7, further including a transmitter
electricaily coupled to the printed circuit board assembly (320, 1320) and inside the case,

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

9. A sensing device according to any of claims 1 to 7, further including a battery
(300) electrically coupled to the printed circuit board assembly (320, 1320} and inside

the case.

10 The sensing device of claim 9, further including a battery pull tab (310) adapted
to break the electrical coupling of the battery from the printed circuit board assembly

(320, 1320).

11, The sensing device of claim 10, further including battery connector pads that must
be shorted together to connect the battery to the printed circuit board assembly (320,

1320), a pull tab elastomeric connector biased in a direction to short the battery connector

pads;, wherein the battery pull tab (310) is adapted to separate the battery connector pads

from the pull tab elastomeric connector until it is pulled.
i2. The sensing device of claim 11, wherein the battery connector pads are on the

printed circuit board asserably (320, 1320) which further has a battery pull tab retaining

post, wherein the battery pull tab is affixed to the battery pull tab retaining post.

3. The sensing device of claim 1, further including a button in the upper major wall,

wherein the button is adapted to activate the sensing device.
14, The sensing device of claim 1, wherein the case comprises an upper housing

including the upper major wall and a lower housing including the upper major wall, and

wherein the upper housing is connected to the lower housing in a water tight manner.
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15 The sensing device of claim 14, wherein the upper housing is ultrasonically

welded to the lower housing.

i6. The sensing device of claim 1, wherein the analyte is glucose.

17, The sensing device of claim 1, wherein the case is less than about 1.4 inches by 1

inch by 0.2 inches in size.

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

a case (2020} 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 having a distal end sensitive to the analyte to produce an electrical signal, and a
proximal end within the case having electrical contacts (2012);

a power unit (2300) disposed at a first end of the case (2020);

a T-shaped support (2325) mounted within the case having a cross arm extending
transversely across the case, and a stern extending towards a second end of the case, the

stem having a guide channel for the sensor from the opening in the lower major wall.

9. A sensing device according to claim 18, wherein the T-shaped support has

support pads at the ends of the cross arm in contact with the upper major wall.

20. A sensing device according to claim 18, or 19, wherein the upper major wall has
an orifice for entry of a needle, and the support extends to the upper major wall at the

infersection of the cross arm and stem and provides a guide for the needle.

21 A sensing device according to claim 1§, wherein the lower major wall comprises
a printed circuit board assembly (2320) supporting the power unit and the T-shaped
support, the printed circuit board assembly (2320} further having pads connecting to the

electrical contacts (2012) of the sensor.
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22, A sensing device according to claim 18, 19, 20, or 21, wherein the casing is made

of a flexible material.

23. A sensing device according to claim 22, wherein the casing is made of silicone or

polvurethane.

24, Apparatus (500, 1500) for placing a medical device (100) on the surface of the
skin of & patient and inserting a medical filament extending from the device into the skin
of the patient, comprising:

a frame (1516) having a mouth for positioning against the skin during placement
of the medical device (100), and an internal cavity for retention of the medical device
prior to placement;

the medical device (100) having a surface adapted to be held against the skin of
the patient and having the filament extending therefrom;

a retractable needle (410) extending throngh the medical device and carrving the
filament;

a striker (1570) holding the medical device and being axially movable within the
frame {1516) from a first retracted position within the frame (1516) to a second position
in which the surface of the medical device (100) is presented at the mouath of the frame
(1516),

a driver (1530) configured to urge the striker (1570) towards the second position;

a releasable striker lock (1575) holding the striker (1570) in the fivst position;

a plunger (520, 1520) axially raovable with respect to the frame (1516} in a
direction towards the mouth, from a rest position to a firing position, the apparatas having
a mechanism (1526, 1575) configured to release the striker lock (1575) when the planger
(1520) reaches the firing position, allowing the striker (1570 to move from the retracted

to the second position.

25. Apvparatus according to claim 24, wherein the striker (1570} has resilient snap

arms engaging a perimeter of the medical device (100} to releasably hold the medical
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device (100} in the striker (1570); and the frame (1560) has ribs (1565) which contact the
arms when the striker (1570) 1s in the first position to increase the force needed to release

the medical device (100} from the striker (1570).

26. Apparatus according to claim 25 wherein the ribs are fixed on the frame {(1516)
and extend longitudinally into the striker {1570), touching the snap arms (1595) when the
striker (1570) 1s in the first position.

27. Apparatus according to claim 25 or 26 wherein the medical device (100) is
rectangular and is held in the striker (1570) by four of said snap arms (1595) one acting

on each corner of the medical device.

28. Apparatus according to any of claims 24 to 27, wherein the driver (1530) is a
spring longitudinally extending between the striker (1570) and the plunger (1520), such
as to compress as the plunger (1520) is moved from the rest position to the firing

position.

29. Apparatus according to any of claims 24 to 28 wherein the striker lock (1375)
comprises an engagement between upstanding extensions on the frame (1316) and the
striker {1370}, and the plunger {1520) has a cam surface (1526) to dislodge the

engagement.

30. Apparatus according to any of clairas 24 to 29, further including:

a retractor (1550} exerting a force on the needle in the direction to pull the needle
(419) out of the medical device (100);

a releasable retractor lock preventing the retractor (1550) from pulling the needie
(410)out of the medical device (100); and

a retractor lock release mechanism configured to release when the striker (1370)
is in the second position and the plunger (520, 1520) moves away from the firing

position.

46



WO 2017/176802 PCT/US2017/026007

31 Apparatus according to claim 30, wherein the retractor (1550) 1s a spring acting

on a needle hub (1540} attached to the proximal end of the needle (410).

32 Apparatus according to any of claims 24 to 31, wherein the plunger (520, 1520)
comprises a push button head (1522) adapted to be gripped by the user merging via a
shoulder portion (1524) to a wider diameter dependent skirt portion (1525): and the
apparatus further inchides an external collar (1510) surrounding the frame (1516) and
spaced therefrom to form an annular gap accornmodating the dependent skirt of the

plunger (520, 1520).

33 Apparatus according to claim 32 wherein the collar (1510) is rotatable with
respect to the plunger (520, 1520) and there are provided locking structures (1512, 1513,
1517, 1518, 1519) allowing axial movement of the plunger with respect to the frame at a

given angalar orientation.

34 Apparatus according to claim 33, wherein the locking structures include a visible
indication (1512, 1513) of the angular orientation at which the plunger (1520) can be

axially moved.

35 Apparatas (500, 1500) for placing a medical device (100} on the surface of the
skin of a patient and inserting a medical filament extending from the device into the skin
of the patient, comprising:

a frame (1516) having a mouth for positioning agaiust the skin during placement
of the medical device (100}, and an internal cavity for retention of the medical device
(100) prior to placement;

the medical device (100) 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 (1579} holding the medical device and being axially movable within the

frame (1516) from a first retracted position within the frame (1516) to a second position
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in which the surface of the medical device (100) is presented at the mouth of the frame
(1516);

a plunger (520, 1520) being axially movable with respect to the frame (1516)in a
direction towards the mouth;

wherein the striker (1570) has resilient snap arms engaging a perimeter of the
medical device {100) to releasably hold the medical device (100} in the striker (1570);
and the frame (1560) has ribs (1565) which contact the arms when the striker (1570) 1s in
the first position to increase the force needed to release the medical device (100) from the

striker (1570).

36. Apparatus according to any of claims 24 to 35 further including a removable
cover over the mouth of the frame (1516) to prevent access to the medical device (100)

and needle (410) prior to use.

37. Apparatus according to any of claims 24 to 36 wherein the medical device (1003)

18 a ghucose sensor and the filament comprises sensor electrodes.
38. Apparatus according to claims 24 to 37 wherein the medical device (100) contains

a wireless transmitter to transmit a signal representing measured glucose concentration to

external equipment.
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